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A PRI MERENI NA EXPERIMEN

i JEDNOTCE MSF

OHREV MORSKA VODA OSTATNI Teploty za jednotlivymi k y Tlak v jed ych t
ov Dat. Cas Taw,in Tuw,out Tsw Tswenin  Tsw,eH,out Ts Tew Srw Kapacita Tea T Te Ta Pry Pr, Pe3 Pra
°C °C °C °C °C °C °C ppm m’/den I/h °C °C °C °C kPa kPa kPa kPa
12:15 85,0 70,2 15,5 47,0 66,0 34,0 32,5 6 18,7 780 23,4 31,3 39,1 47,0 14 12 8 6
12:25 84,7 70,5 15,5 47,2 65,8 33,9 32,0 6 18,0 750 23,4 31,4 39,3 47,2 14 12 8 6
12:35 84,2 70,5 16 47,6 65,6 34,1 32,5 4 16,8 700 23,9 31,8 39,7 47,6 14 12 8 5
< |« 12:45 84,9 71,2 17 48,5 66,0 35,5 33,8 6 17,3 720 24,9 32,8 40,6 48,5 14 12 8 6
2 § 12:55| 85,2 72,0 19 49,7 67,0 36,3 34,6 5 16,9 705 26,7 34,4 42,0 49,7 14 12 9 6
'/’_ o | 13:05 85,8 72,7 21,2 51,2 67,8 38,0 36,0 5 15,8 660 28,7 36,2 43,7 51,2 15 12 9 7
T 1315 85,1 73,0 239 52,1 67,9 39,8 37,8 5 15,1 630 31,0 38,0 45,1 52,1 14 12 9 7
13:25 84,4 72,8 26,1 53,0 68,4 41,0 39,0 6 15,6 650 32,8 39,6 46,3 53,0 14 12 8 6
13:35 84,2 73,2 28 54,2 69,0 42,4 39,8 6 14,4 600 34,6 41,1 47,7 54,2 14 12 8 6
[S] 13:45 84,7 73,4 30,9 54,9 69,8 45,2 44,2 5 14,9 620 36,9 42,9 48,9 54,9 14 12 8 6
8 7:30 84,5 70,0 14 46,5 65,2 33,2 32,0 9 17,3 720 22,1 30,3 38,4 46,5 14 12 8 6
7:40 84,8 70,1 14 46,4 65,1 33,0 31,9 8 18,2 760 22,1 30,2 38,3 46,4 14 12 8 6
7:50 84,6 70,4 15,2 47,0 65,3 33,5 32,1 8 18,0 750 23,2 31,1 39,1 47,0 14 12 8 6
< | 8:00 85,2 71,0 16 48,0 66,1 34,4 33,0 7 17,5 730 24,0 32,0 40,0 48,0 14 12 8 6
E 8 8:10 85,5 71,8 18 49,5 66,7 35,6 34,2 6 16,9 705 25,9 33,8 41,6 49,5 14 12 8 6
z g 8:20 85,3 72,3 19,5 51,0 67,5 36,5 34,0 9 16,8 700 27,4 35,3 43,1 51,0 14 12 8 6
< | 830 | ss5 72,9 20 52,1 68,0 37,2 353 6 15,6 650 28,0 36,1 44,1 52,1 14 12 9 7
8:40 85,1 73,5 23 53,5 68,6 39,0 36,2 5 15,1 630 30,6 38,3 45,9 53,5 14 12 8 6
8:50 85,4 73,9 25,5 53,8 69,2 41,3 39,0 5 14,2 590 32,6 39,7 46,7 53,8 14 12 8 6
9:00 85,7 74,2 28,6 54,4 69,6 43,8 39,9 7 13,2 550 35,1 41,5 48,0 54,4 14 12 9 7
6:50 89,5 73,6 14,5 49,5 70,0 34,5 33,0 7 19,2 800 233 32,0 40,8 49,5 16 12 9 6
7:00 90,2 74,6 14,6 50,2 70,5 34,7 33,2 7 19,4 810 23,5 32,4 41,3 50,2 16 13 10 6
7:10 90,0 74,8 15,2 50,5 70,2 35,0 33,5 6 19,4 810 24,0 32,9 41,7 50,5 16 13 10 6
< N 7:20 89,7 75,0 16,9 51,0 70,8 36,5 34,8 5 18,5 770 25,4 34,0 42,5 51,0 16 12 9 6
2 8 7:30 90,5 76,0 18,8 52,6 71,4 37,6 36,0 6 19,2 800 27,3 35,7 44,2 52,6 16 12 9 6
'n. ; 7:40 90,3 76,2 20,2 53,3 71,7 39,0 37,9 7 17,8 740 28,5 36,8 45,0 53,3 16 12 9 6
A 7:50 90,5 77,0 22,5 54,4 71,5 40,0 39,8 6 16,6 690 30,5 38,5 46,4 54,4 16 14 10 7
8:00 88,8 76,2 24,8 56,2 72,8 41,2 40,2 5 17,3 720 32,7 40,5 48,4 56,2 15 12 9 6
8:10 89,5 76,7 27 57,5 73,7 43,6 41,5 5 16,3 680 34,6 42,3 49,9 57,5 16 12 9 6
(5] 8:20 90,1 77,6 29,8 58,0 74,0 46,0 44,2 5 15,4 640 36,9 43,9 51,0 58,0 16 12 9 6
8 7:15 90,9 75,2 15,2 50,1 70,4 34,5 33,0 8 19,6 815 23,9 32,7 41,4 50,1 17 13 9 6
7:25 90,4 74,5 15,2 50,3 70,7 34,7 33,2 7 19,4 810 24,0 32,8 41,5 50,3 16 12 9 6
7:35 89,8 74,2 16 50,2 70,2 35,0 33,5 6 19,7 820 24,6 33,1 41,7 50,2 16 12 9 6
< o 7:45 89,5 75,0 17 50,8 69,8 36,5 34,8 5 19,0 790 25,5 33,9 42,4 50,8 16 12 9 6
2 8 7:55 89,9 75,6 19 52,2 71,1 37,6 36,0 8 18,4 765 27,3 35,6 43,9 52,2 16 12 9 6
w_ g 8:05 90,1 76,8 22 53,7 71,3 39,0 37,9 7 17,8 740 29,9 37,9 45,8 53,7 16 12 9 6
o D 8:15 90,0 76,2 24 55,0 73,0 41,0 39,8 6 17,3 720 31,8 39,5 47,3 55,0 16 12 9 6
8:25 90,5 76,8 26,5 56,3 73,7 42,6 40,2 5 16,3 680 34,0 41,4 48,9 56,3 16 12 9 6
8:35 90,2 77,5 29 57,8 73,9 44,1 42,0 5 16,1 670 36,2 43,4 50,6 57,8 16 12 9 6
8:45 90,7 78,4 31 59,7 76,0 46,0 44,2 5 15,1 630 38,2 45,4 52,5 59,7 17 13 10 7
7:30 95,0 78,0 14,1 52,0 74,1 35,9 33,8 9 20,4 850 23,6 33,1 42,5 52,0 18 14 10 7
7:40 95,4 78,7 14,1 52,2 74,2 36,0 34,0 9 20,3 845 23,6 33,2 42,7 52,2 18 14 10 7
7:50 95,2 78,4 14,5 52,5 74,0 36,4 34,5 8 20,6 857 24,0 33,5 43,0 52,5 18 14 10 7
< | 8:00 94,8 79,1 15,1 53,3 74,4 36,8 35,6 7 20,2 840 24,7 34,2 43,8 53,3 18 14 10 7
E g 8:10 94,6 79,5 16,5 54,8 75,0 37,5 36,2 7 19,8 824 26,1 35,7 45,2 54,8 18 14 10 7
VJ. g 8:20 94,8 80,2 18 56,2 75,9 38,3 36,0 6 19,0 790 27,6 37,1 46,7 56,2 18 14 10 7
- N 8:30 95,0 80,5 19,8 56,8 77,1 40,9 37,7 6 19,2 800 29,1 38,3 47,6 56,8 18 14 10 7
8:40 95,0 81,1 22,5 57,7 76,2 41,4 39,5 7 18,2 760 31,3 40,1 48,9 57,7 18 14 10 7
8:50 94,6 81,2 26,1 58,6 76,4 43,6 41,0 5 17,8 740 34,2 42,4 50,5 58,6 18 14 10 7
(S} 9:00 94,5 81,4 29,5 59,8 77,0 45,9 42,4 7 16,8 702 37,1 44,7 51,0 59,8 18 14 10 7
8 7:00 95,2 78,4 15,3 52,8 74,1 36,6 35,0 7 21,7 905 24,7 34,1 43,4 52,8 18 14 10 7
7:05 95,6 78,9 15,1 52,8 74,2 36,6 35,2 9 21,4 890 24,5 34,0 43,4 52,8 18 14 10 7
7:10 95,2 79,1 15,5 53,2 74,5 36,8 35,3 8 22,1 920 24,9 34,4 43,8 53,2 18 14 10 7
< | 7:15 94,8 79,2 16 53,8 74,0 37,7 36,1 10 20,6 860 25,5 34,9 44,4 53,8 18 14 10 7
S|]| 720 950 80,0 17,5 54,7 74,2 39,0 36,9 7 20,4 850 26,8 36,1 45,4 54,7 18 14 10 7
ll). g 7:25 95,0 80,5 19,7 55,6 74,6 40,0 37,7 6 20,9 870 28,7 37,7 46,6 55,6 18 14 10 7
Nl 7:30 94,6 80,8 21,6 56,9 74,8 41,7 39,4 6 19,7 820 30,4 39,3 48,1 56,9 18 14 10 7
7:35 94,8 80,9 24,2 58,2 75,9 43,4 41,2 6 18,0 750 32,7 41,2 49,7 58,2 18 14 10 7
7:40 94,8 81,5 27,1 58,9 76,3 45,1 43,4 5 17,9 745 35,1 43,0 51,0 58,9 18 14 10 7
7:45 95,0 81,8 30,4 60,2 76,7 46,7 44,0 6 16,4 685 37,9 45,3 52,8 60,2 18 14 10 7
13:40| 100,55 83,1 15,2 54,9 77,7 38,5 35,5 9 21,7 905 25,1 35,1 45,0 54,9 20 16 12 10
13:50 101,0 83,5 15,1 55,0 77,7 38,0 35,3 8 22,0 915 251 35,1 45,0 55,0 20 17 13 10
14:00| 100,8 83,8 15,5 55,2 77,7 38,5 35,6 8 22,1 920 25,4 35,4 45,3 55,2 20 16 12 10
< | 14:10| 100,2 84,0 16,4 56,1 77,8 38,8 36,5 7 21,4 890 26,3 36,3 46,2 56,1 20 16 12 10
E 8 14:20| 100,0 84,0 17,7 57,3 78,0 39,3 37,0 7 20,8 865 27,6 37,5 47,4 57,3 20 16 12 10
"’_’_ 2 14:05 99,6 84,0 19,6 58,6 78,5 41,2 39,0 8 19,7 820 29,4 39,1 48,9 58,6 20 16 12 10
= | 14:10 99,8 83,9 22,0 59,5 79,5 43,0 40,5 6 19,9 830 31,4 40,8 50,1 59,5 20 16 12 10
14:15| 100,0 84,5 24,8 60,3 80,3 45,1 42,0 6 18,5 770 33,7 42,6 51,4 60,3 20 16 12 10
14:20 100,0 85,2 27,3 61,1 80,5 47,0 43,2 7 18,4 765 35,8 44,2 52,7 61,1 20 16 12 10
14 14:25| 100,5 86,0 30,8 62,0 81,0 48,8 46,3 7 18,0 750 38,6 46,4 51,0 62,0 17 16 13 10
§ 8:00 100,3 83,0 16,0 56,0 78,5 38,7 36,2 7 22,3 930 26,0 36,0 46,0 56,0 20 16 12 10
8:10 100,1 83,0 16,0 56,0 78,2 38,5 36,5 8 21,8 910 26,0 36,0 46,0 56,0 20 16 12 10
8:20 99,6 83,3 16,4 56,8 78,5 38,4 36,9 8 22,0 915 26,5 36,6 46,7 56,8 20 16 12 10
< | 8:30 99,5 83,0 17,2 57,1 79,0 39,2 37,6 7 20,4 850 27,2 37,2 47,1 57,1 20 16 12 10
E 8 8:40 99,4 83,4 18,8 57,9 79,3 40,8 38,6 6 21,1 880 28,6 38,4 48,1 57,9 20 16 12 10
IIJ. g 8:45 99,2 84,0 20,5 59,0 79,4 42,0 40,2 7 19,9 830 30,1 39,8 49,4 59,0 19 16 12 10
N1 ® | gs0| 997 84,6 22,3 60,4 80,4 432 41,3 5 19,7 820 31,8 41,4 50,9 60,4 20 16 12 10
9:00 100,0 85,1 24,9 61,3 80,8 44,9 42,6 5 18,7 780 34,0 43,1 52,2 61,3 20 16 12 10
9:05 100,0 85,6 28,2 62,2 81,2 47,3 44,9 7 18,6 775 36,7 45,2 53,7 62,2 20 16 12 10
9:10 99,8 85,5 31,3 63,4 82,0 49,2 47,1 6 18,4 765 39,3 47,4 55,4 63,4 20 16 12 10
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VYSLEDKY SIMULACE V CHEMCAD - VSTUPNi DATA DLE PROBEHLYCH MEREN{

FLOW SUMMARIES:

Stream No. 1 2 3 4 5 6 7 8 9
Stream Name BIN B1 vi D1 RIN-SW ROUT HW IN HW ouT V2
Temp °C 75,8 57,8 57,8 57,8 24,2 60,3 94,8 82,7 52,5
Pres bar bar 1,50 0,18 0,18 0,18 1,50 1,50 1,50 1,50 0,14
Enth MW MW -61,7 -60,0 -1,7 -2,0 -62,5 -61,9 -77,9 -78,2 -0,5
Vapor mass frac. 0,0 0,0 1,0 0,0 0,0 0,0 0,0 0,0 1,0
Total kmol/h 777,3 752,4 24,9 24,9 777,3 777,3 999,2 999,2 7,0
Total kg/h 14300,0 13850,6 449,4 449,4 14300,0 14300,0 18000,0 18000,0 125,6
Total std L m3/h 14,1 13,6 0,4 0,4 14,1 14,1 18,0 18,0 0,1
Total std V m3/h 17422,4 16863,3 559,1 559,1 17422,4 17422,4 22395,0 22395,0 156,3
Flowrates:

Water kg/h 13871,0 13421,6 449,4 449,4 13871,0 13871,0 18000,0 18000,0 125,6
NacCl kg/h 429,0 429,0 0,0 0,0 429,0 429,0 0,0 0,0 0,0]
Stream No. 10 11 12 13 14 15 16 17 18
Stream Name DM3 D2 B OUT R2 V3 D3 v4 D4 B2
Temp °C 38,9 52,5 38,9 42,2 45,8 45,8 38,9 38,9 52,5
Pres bar bar 0,07 0,14 0,07 1,50 0,10 0,10 0,07 0,07 0,14
Enth MW MW -3,9 -0,6 -58,4 -62,2 -0,6 -0,7 -0,6 -0,7 -59,5
Vapor mass frac. 0,0 0,0 0,0 0,0 1,0 0,0 1,0 0,0 0,0
Total kmol/h 49,5 7,0 727,8 777,3 8,8 8,8 8,7 8,7 745,4
Total kg/h 891,6 125,6 13408,4 14300,0 159,1 159,1 157,6 157,6 13725,0
Total std L m3/h 0,9 0,1 13,2 14,1 0,2 0,2 0,2 0,2 13,5
Total std V m3/h 1109,3 156,3 16313,0 17422,4 197,9 197,9 196,0 196,0 16707,0
Flowrates:

Water kg/h 891,6 125,6 12979,4 13871,0 159,1 159,1 157,6 157,6 13296,0
NaCl kg/h 0,0 0,0 429,0 429,0 0,0 0,0 0,0 0,0 429,0
Stream No. 19 20 21 22 23 24 25

Stream Name B3 DM1 DM2 R4 R3 DISTILLATE BLOW-DOWN
Temp °C 45,8 52,5 45,8 30,7 37,1 38,9 39,0
Pres bar bar 0,10 0,14 0,10 1,50 1,50 2,00 2,00
Enth MW MW -58,9 -2,5 -3,2 -62,4 -62,3 -3,9 -58,4
Vapor mass frac. 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Total kmol/h 736,6 31,9 40,7 777,3 777,3 49,5 727,8
Total kg/h 13565,9 575,0 734,1 14300,0 14300,0 891,6 13408,4
Total std L m3/h 13,3 0,6 0,7 14,1 14,1 0,9 13,2
Total std V m3/h 16509,1 715,4 913,3 17422,4 17422,4 1109,3 16313,0
Flowrates:

Water kg/h 13136,9 575,0 734,1 13871,0 13871,0 891,6 12979,4
NacCl kg/h 429,0 0,0 0,0 429,0 429,0 0,0 429,0




VYSLEDKY SIMULACE V CHEMCAD - RUENi NASTAVENI TLAKU V JEDNOTLIVYCH KOMORACH

FLOW SUMMARIES:

Stream No. 1 2 3 4 5 6 7 8 9
Stream Name BIN Bl Vi D1 RIN-SW ROUT HW IN HW OuUT V2
Temp °C 78,3 70,6 70,6 70,6 25,0 56,9 95,0 78,4 62,1
Pres bar bar 1,50 0,32 0,32 0,32 1,50 1,50 1,50 1,50 0,22
Enth MW MW -61,6 -60,9 -0,7 -0,9 -62,5 -62,0 -77,9 -78,3 -0,8
Vapor mass frac. 0,0 0,0 1,0 0,0 0,0 0,0 0,0 0,0 1,0
Total kmol/h 777,3 766,5 10,9 10,9 777,3 777,3 999,2 999,2 11,6
Total kg/h 14300,0 14104,5 195,5 195,5 14300,0 14300,0 18000,0 18000,0 208,8
Total std L m3/h 14,1 13,9 0,2 0,2 14,1 14,1 18,0 18,0 0,2
Total std V m3/h 17422,4 17179,2 243,2 243,2 17422,4 17422,4 22395,0 22395,0 259,8
Flowrates:

Water kg/h 13871,0 13675,5 195,5 195,5 13871,0 13871,0 18000,0 18000,0 208,8
NaCl kg/h 429,0 429,0 0,0 0,0 429,0 429,0 0,0 0,0 0,0
Stream No. 10 11 12 13 14 15 16 17 18
Stream Name DM3 D2 B OUT R2 v3 D3 va D4 B2
Temp °C 45,8 62,1 45,8 49,1 53,9 53,9 45,8 45,8 62,1
Pres bar bar 0,10 0,22 0,10 1,50 0,15 0,15 0,10 0,10 0,22
Enth MW MW -3,5 -0,9 -58,7 -62,1 -0,7 -0,9 -0,7 -0,8 -60,1
Vapor mass frac. 0,0 0,0 0,0 0,0 1,0 0,0 1,0 0,0 0,0
Total kmol/h 44,0 11,6 733,3 777,3 10,9 10,9 10,7 10,7 754,9
Total kg/h 793,4 208,8 13506,6 14300,0 196,8 196,8 192,2 192,2 13895,7
Total std L m3/h 0,8 0,2 13,3 14,1 0,2 0,2 0,2 0,2 13,7
Total std V m3/h 987,1 259,8 16435,3 17422,4 244,9 244,9 239,2 239,2 16919,3
Flowrates:

Water kg/h 793,4 208,8 13077,6 13871,0 196,8 196,8 192,2 192,2 13466,7
NacCl kg/h 0,0 0,0 429,0 429,0 0,0 0,0 0,0 0,0 429,0
Stream No. 19 20 21 22 23 24 25

Stream Name B3 DM1 DM2 R4 R3 DISTILLATE BLOW-DOWN
Temp °C 53,9 62,1 53,9 32,8 40,8 45,8 45,8
Pres bar bar 0,15 0,22 0,15 1,50 1,50 2,00 2,00
Enth MW MW -59,4 -1,8 -2,6 -62,4 -62,2 -3,5 -58,7
Vapor mass frac. 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Total kmol/h 743,9 22,4 33,4 777,3 777,3 44,0 733,3
Total kg/h 13698,9 404,3 601,1 14300,0 14300,0 793,4 13506,6
Total std L m3/h 13,5 0,4 0,6 14,1 14,1 0,8 13,3
Total std V m3/h 16674,4 503,0 747,9 17422,4 17422,4 987,1 16435,3
Flowrates:

Water kg/h 13269,9 404,3 601,1 13871,0 13871,0 793,4 13077,6
NaCl kg/h 429,0 0,0 0,0 429,0 429,0 0,0 429,0
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Termo-fyzikalni vlastnosti moi'ské vody
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Vapor (saturation

ressure, kPa

Salinity, g/kg
Temp, °C 0 10 20 30 40 50 60 70 80 90 100 110 120
0 0.611 0.608 0.604 0.601 0.597 0.593 0.590 0.586 0.582 0.578 0.575 0.571 0.567
10 1.228 1.221 1.214 1.207 1.199 1.192 1.185 1.177 1.170 1.162 1.154 1.147 1.139
20 2.339 2.325 2.312 2.298 2.284 2.270 2.256 2.242 2.228 2.213 2.199 2.184 2.169
30 4.247 4.222 4197 4172 4.147 4122 4.096 4.070 4.044 4.018 3.992 3.965 3.938
40 7.384 7.341 7.298 7.255 7.211 7.167 7.123 7.078 7.033 6.987 6.941 6.895 6.848
50 12.351 12.279 12.207 12.135 12.062 11.988 11.914 11.839 11.763 11.687 11.610 11.532 11.454
60 19.946 19.829 19.713 19.596 19.478  19.359 19.239 19.118 18.996 18.873 18.749 18.624  18.497
70 31.201 31.018 30.837 30.654 30.470 30.284 30.096 29.907 29.716 29.523 29.329 29.133  28.935
80 47.415  47.139 46.863 46.585 46.305 46.022 45.737 45449 45159 44866  44.571 44273  43.972
90 70.182 69.776 69.368 68.957 68.542 68.124 67.701 67.276 66.846 66.413 65975 65.534 65.089
100 101.418 100.835 100.245 99.651 99.052  98.447 97.837 97.221 96.601 95.974 95343 94.705 94.062
110 143.376 142.558 141.725 140.884 140.037 139.182 138.320 137.450 136.572 135.687 134.793 133.892 132.982
120 198.665 197.541 196.386 195.222 194.048 192.863 191.668 190.463 189.246 188.019 186.782 185.533 184.272
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Temperature, °C
Boiling point elevation, K
Salinity, g/kg
Temp, °C 0 10 20 30 40 50 60 70 80 90 100 110 120
0 0.000 0.067 0.138 0.213 0.291 0.373 0.458 0.547 0.640 0.736 0.836 0.939 1.046
10 0.000 0.073 0.150 0.232 0.317 0.407 0.501 0.599 0.701 0.807 0.917 1.032 1.151
20 0.000 0.079 0.163 0.251 0.344 0.442 0.545 0.652 0.764 0.880 1.002 1.128 1.258
30 0.000 0.085 0.176 0.272 0.373 0.479 0.590 0.707 0.829 0.956 1.088 1.225 1.368
40 0.000 0.092 0.190 0.293 0.402 0.517 0.637 0.764 0.895 1.033 1.176 1.325 1.480
50 0.000 0.099 0.204 0.315 0.433 0.556 0.686 0.822 0.964 1.112 1.267 1.428 1.595
60 0.000 0.106 0.219 0.338 0.464 0.597 0.736 0.882 1.035 1.194 1.360 1.532 1.711
70 0.000 0.114 0.234 0.362 0.497 0.639 0.788 0.944 1.107 1.277 1.455 1.639 1.831
80 0.000 0.121 0.250 0.387 0.530 0.682 0.841 1.007 1.181 1.363 1.5652 1.748 1.952
90 0.000 0.129 0.267 0.412 0.565 0.726 0.895 1.072 1.257 1.450 1.651 1.860 2.076
100 0.000 0.138 0.284 0.438 0.601 0.772 0.952 1.139 1.335 1.540 1.752 1.973 2.203
110 0.000 0.146 0.302 0.465 0.638 0.819 1.009 1.208 1.415 1.631 1.856 2.089 2.331
120 0.000 0.155 0.320 0.493 0.676 0.868 1.068 1.278 1.497 1.725 1.962 2.207 2.462

Boiling point elevation, K
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Density, ka/m®

Salinity, g/kg

Temp, °C 0 10 20 30 40 50 60 70 80 90 100 110 120
0 999.8 1007.9 1016.0 1024.0 1032.0 1040.0 1048.0 1056.1 1064.1 1072.1 1080.1 1088.1 1096.2
10 999.7 1007.4 1015.2 1023.0 1030.9 1038.7 1046.6  1054.4 1062.2 1070.1 1077.9 1085.7 1093.6
20 998.2 1005.7 1013.4 1021.1 1028.8 1036.5 1044.1 1051.8 1059.5 1067.2 1074.9 1082.6 1090.3
30 995.7 1003.1 1010.7 1018.2 1025.8 1033.4 1040.9 1048.5 1056.1 1063.6 1071.2 1078.7 1086.3
40 992.2 999.7 1007.1 1014.6 1022.1 1029.5 1037.0 1044.5 1052.0 1059.4 1066.9 1074.4 1081.8
50 988.0 995.5 1002.9 1010.3 1017.7 1025.1 1032.5  1039.9 1047.3 1054.7 1062.1 1069.5 1076.9
60 983.2 990.6 998.0 1005.3 1012.7 1020.0 1027.4 1034.7 1042.1 1049.5 1056.8 1064.2 1071.5
70 977.8 985.1 992.5 999.8 1007.1 1014.5 1021.8 10291 1036.5 1043.8 1051.2 1058.5 1065.8
80 971.8 979.1 986.5 993.8 1001.1 1008.5 1015.8 10231 1030.5 1037.8 1045.1 1052.5 1059.8
90 965.3 972.6 980.0 987.3 994.7 1002.0 1009.4 1016.8 1024.1 1031.5 1038.8 1046.2 1053.5
100 958.4 965.7 973.1 980.5 987.9 995.2 1002.6  1010.0 1017.4 1024.8 1032.2 1039.6 1047.0
110 950.9 958.3 965.8 973.2 980.6 988.1 995.5 1003.0 1010.4 1017.8 1025.3 1032.7 1040.2
120 943.1 950.6 958.1 965.6 973.1 980.6 988.1 995.6 1003.1 1010.6 1018.1 1025.6 1033.1
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Temperature, °C
Specific volume, m*/kg
Salinity, g/kg

Temp, °C 0 10 20 30 40 50 60 70 80 90 100 110 120
0 0.00100 0.00099 0.00098 0.00098 0.00097 0.00096 0.00095 0.00095 0.00094 0.00093 0.00093 0.00092 0.00091
10 0.00100 0.00099 0.00099 0.00098 0.00097 0.00096 0.00096 0.00095 0.00094 0.00093 0.00093 0.00092 0.00091
20 0.00100 0.00099 0.00099 0.00098 0.00097 0.00096 0.00096 0.00095 0.00094 0.00094 0.00093 0.00092 0.00092
30 0.00100 0.00100 0.00099 0.00098 0.00097 0.00097 0.00096 0.00095 0.00095 0.00094 0.00093 0.00093 0.00092
40 0.00101 0.00100 0.00099 0.00099 0.00098 0.00097 0.00096 0.00096 0.00095 0.00094 0.00094 0.00093 0.00092
50 0.00101 0.00100 0.00100 0.00099 0.00098 0.00098 0.00097 0.00096 0.00095 0.00095 0.00094 0.00094 0.00093
60 0.00102 0.00101 0.00100 0.00099 0.00099 0.00098 0.00097 0.00097 0.00096 0.00095 0.00095 0.00094 0.00093
70 0.00102 0.00102 0.00101 0.00100 0.00099 0.00099 0.00098 0.00097 0.00096 0.00096 0.00095 0.00094 0.00094
80 0.00103 0.00102 0.00101 0.00101 0.00100 0.00099 0.00098 0.00098 0.00097 0.00096 0.00096 0.00095 0.00094
90 0.00104 0.00103 0.00102 0.00101 0.00101 0.00100 0.00099 0.00098 0.00098 0.00097 0.00096 0.00096 0.00095
100 0.00104 0.00104 0.00103 0.00102 0.00101 0.00100 0.00100 0.00099 0.00098 0.00098 0.00097 0.00096 0.00096
110 0.00105 0.00104 0.00104 0.00103 0.00102 0.00101 0.00100 0.00100 0.00099 0.00098 0.00098 0.00097 0.00096
120 0.00106 0.00105 0.00104 0.00104 0.00103 0.00102 0.00101 0.00100 0.00100 0.00099 0.00098 0.00098 0.00097
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Specific internal energy, kJ/kg

Salinity, g/kg
Temp, °C 0 10 20 30 40 50 60 70 80 90 100 110 120
10 42.0 41.2 40.5 39.7 39.0 38.2 375 36.7 36.0 35.2 34.5 33.7 33.0
20 83.9 82.7 81.4 80.2 78.9 77.7 76.5 75.2 74.0 72.8 715 70.3 69.1
30 125.7 124.0 122.3 120.6 118.8 117.1 115.4 113.7 112.0 110.2 108.5 106.8 105.1
40 167.5 165.3 163.1 160.9 158.7 156.5 154.3 152.1 149.9 147.7 145.5 143.3 1411
50 209.3 206.6 203.9 201.3 198.6 195.9 193.2 190.5 187.8 185.1 182.4 179.8 1771
60 2511 248.0 244.8 241.6 238.4 235.3 2321 2289 225.8 222.6 219.4 216.2 213.1
70 293.0 289.3 285.7 282.0 278.4 2747 271.0 267.4 263.7 260.1 256.4 252.8 2491
80 334.9 330.7 326.6 322.5 318.3 314.2 310.0 305.9 301.8 297.6 293.5 289.4 285.2
920 376.9 3723 367.6 363.0 358.4 353.8 349.1 344.5 339.9 335.3 330.7 326.0 321.4
100 419.0 413.9 408.8 403.7 398.6 393.5 388.4 383.3 378.2 373.0 367.9 362.8 357.7
110 461.2 455.6 450.0 444.4 438.9 433.3 427.7 4221 416.5 410.9 405.3 399.7 394.2
120 503.6 497.5 491.4 485.4 479.3 473.2 467.2 461.1 455.0 448.9 442.9 436.8 430.7
600 i i i i i Accuracy  #0.5%
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Temperature, °C
Specific enthalpy, kJ/kg
Salinity, g/kg
Temp, °C 0 10 20 30 40 50 60 70 80 90 100 110 120
10 421 414 40.6 39.8 39.1 38.3 37.6 36.8 36.1 35.3 34.6 33.8 33.1
20 84.0 82.8 815 80.3 79.0 77.8 76.6 75.3 741 729 71.6 70.4 69.1
30 125.8 1241 122.4 120.7 118.9 117.2 115.5 113.8 1121 110.3 108.6 106.9 105.2
40 167.6 165.4 163.2 161.0 158.8 156.6 154.4 152.2 150.0 147.8 145.6 143.4 1412
50 209.4 206.7 204.0 201.4 198.7 196.0 193.3 190.6 187.9 185.2 182.5 179.8 177.2
60 251.2 2481 2449 241.7 238.5 235.4 232.2 229.0 225.9 222.7 219.5 216.3 213.2
70 293.1 289.4 285.8 282.1 278.5 274.8 2711 267.5 263.8 260.2 256.5 252.9 249.2
80 335.0 330.8 326.7 322.6 318.4 3143 310.1 306.0 301.9 297.7 293.6 289.5 285.3
90 377.0 372.4 367.7 363.1 358.5 353.9 349.2 344.6 340.0 335.4 330.8 326.1 321.5
100 419.1 414.0 408.9 403.8 398.7 393.6 388.5 383.4 378.3 373.1 368.0 362.9 357.8
110 461.4 455.8 450.2 4446 439.0 433.4 427.8 422.2 416.6 4111 405.5 399.9 394.3
120 503.8 497.7 491.6 485.6 479.5 473.4 467.3 461.3 455.2 4491 4431 437.0 430.9
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Latent heat of vaporization, kd/kg

Salinity, g/kg
Temp, °C 0 10 20 30 40 50 60 70 80 90 100 110 120
0 2500.9 24759 24509 24259 24009 23759 2350.8 23258 2300.8 22758 2250.8 22258 2200.8
10 24772 24525 2427.7 2402.9 2378.1 2353.4 2328.6 2303.8 2279.0 2254.3 22295 2204.7 2180.0
20 24536 24290 2404.5 2379.9 23554 2330.9 2306.3 2281.8 2257.3 2232.7 2208.2 2183.7 2159.1
30 2429.8 24055 23812 2356.9 2332.6 23083 22840 2259.7 22354 22111 2186.8 21625 2138.2
40 2406.0 23819 2357.9 2333.8 2309.7 2285.7 2261.6 2237.6 22135 2189.4 2165.4 2141.3 2117.3
50 2382.0 2358.1 23343 23105 2286.7 22629 2239.0 22152 21914 21676 2143.8 2120.0 2096.1
60 2357.7 23341 23105 2287.0 22634 22398 2216.2 21927 2169.1 21455 21219 2098.3 2074.8
70 23331 2309.8 2286.4 2263.1 2239.8 2216.4 21931 2169.8 2146.4 21231 2099.8 2076.5 2053.1
80 2308.1 2285.0 22619 22388 22158 21927 2169.6 21465 21234 21004 2077.3 2054.2 20311
90 22826  2259.7 22369 22141 21913 2168.4 21456 21228 2100.0 2077.1 20543 2031.5 2008.7
100 2256.5 22339 22113 2188.8 2166.2 2143.7 21211 2098.5 2076.0 2053.4 2030.8 2008.3 1985.7
110 2229.7 22074 21851 2162.8 21405 21182 20959 2073.6 2051.3 2029.0 2006.7 1984.4 1962.1
120 2202.1 2180.1 2158.1 2136.1 21141 2092.0 2070.0 2048.0 2026.0 2003.9 1981.9 1959.9 1937.9
Accuracy +0.01%
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Temperature, °C
Specific entropy, kJ/kg K
Salinity, g/kg
Temp, °C 0 10 20 30 40 50 60 70 80 90 100 110 120
10 0.151 0.152 0.150 0.146 0.141 0.135 0.128 0.121 0.113 0.105 0.096 0.086 0.076
20 0.296 0.295 0.291 0.286 0.279 0.271 0.263 0.254 0.244 0.234 0.224 0.213 0.201
30 0.437 0.433 0.428 0.420 0.412 0.403 0.393 0.382 0.371 0.360 0.348 0.336 0.323
40 0.572 0.567 0.560 0.551 0.541 0.530 0.519 0.507 0.495 0.482 0.469 0.456 0.442
50 0.704 0.697 0.688 0.678 0.666 0.654 0.642 0.628 0.615 0.601 0.587 0.573 0.557
60 0.831 0.823 0.813 0.801 0.788 0.775 0.761 0.746 0.732 0.717 0.701 0.686 0.669
70 0.955 0.945 0.934 0.921 0.907 0.892 0.877 0.861 0.845 0.829 0.812 0.795 0.777
80 1.075 1.064 1.051 1.037 1.022 1.006 0.989 0.972 0.955 0.937 0.919 0.901 0.882
90 1.193 1.180 1.166 1.150 1.133 1.116 1.098 1.080 1.061 1.042 1.023 1.003 0.983
100 1.307 1.293 1.277 1.260 1.242 1.223 1.204 1.184 1.164 1.144 1.123 1.101 1.079
110 1.419 1.403 1.386 1.367 1.348 1.327 1.307 1.285 1.263 1.241 1.219 1.195 1.171
120 1.528 1.511 1.492 1.472 1.450 1.428 1.406 1.382 1.359 1.335 1.310 1.285 1.259
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Specific heat at constant pressure, J/kg K

Salinity, g/kg
Temp, °C 0 10 20 30 40 50 60 70 80 90 100 110 120
0 4206.8 41421 4079.9  4020.1 3962.7 3907.8 3855.3 3805.2 3757.6 37124 3669.7 3629.3 3591.5
10 4196.7 4136.7 4078.8 40228 3968.9 3916.9 3867.1 3819.2 3773.3 3729.5 3687.7 3647.9 3610.1
20 4189.1 4132.8 4078.2 4025.3 3974.1 3924.5 3876.6 3830.4 3785.9 3743.0 3701.8 3662.3 3624.5
30 4183.9 4130.5 40785 4027.8 3978.6 3930.8 3884.4 3839.4 3795.8 3753.6 3712.7 3673.3 3635.3
40 4181.0 4129.7 4079.6  4030.7 3982.9 3936.4 3891.0 3846.7 3803.7 3761.8 37211 3681.6 3643.2
50 4180.6  4130.8 4081.9 40341 3987.3 39415 3896.6 3852.9 3810.1 3768.3 37275 3687.8 3649.0
60 41827  4133.7 40855 4038.3 3992.0 3946.5 3902.0 3858.3 38155 3773.7 3732.7 3692.6 3653.4
70 4187.1 4138.5 4090.6 4043.6 3997.3 3951.9 3907.4 3863.6 3820.6 3778.5 3737.2 3696.7 3657.0
80 4194.0 41453  4097.3 4050.1 4003.7 3958.1 3913.3 3869.2 3825.9 37835 3741.7 3700.8 3660.7
90 42034 41542 41059 40583 40115 3965.4 3920.2 3875.7 3832.0 3789.1 3746.9 3705.6 3665.0
100 42152 41654 41164  4068.2  4020.9 3974.3 3928.5 3883.6 3839.4 3796.0 3753.5 3711.7 3670.8
110 42294 41788  4129.1 4080.2  4032.2 3985.1 3938.7 3893.3 3848.6 3804.9 3761.9 3719.9 3678.6
120 4246.1 41947 41442 40946  4045.9 3998.2 3951.3 3905.4 3860.3 3816.2 3773.0 3730.7 3689.4
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Temperature, °C
Thermal conductivity, W/m K
Salinity, g/kg
Temp, °C 0 10 20 30 40 50 60 70 80 90 100 110 120
0 0.572 0.571 0.570 0.570 0.569 0.569 0.568 0.568 0.567 0.566 0.566 0.565 0.565
10 0.588 0.588 0.587 0.587 0.586 0.585 0.585 0.584 0.584 0.583 0.583 0.582 0.582
20 0.604 0.603 0.602 0.602 0.601 0.601 0.600 0.600 0.599 0.599 0.598 0.598 0.597
30 0.617 0.617 0.616 0.616 0.615 0.615 0.614 0.614 0.613 0.613 0.612 0.612 0.611
40 0.630 0.629 0.629 0.628 0.628 0.627 0.627 0.626 0.626 0.625 0.625 0.624 0.624
50 0.641 0.640 0.640 0.639 0.639 0.638 0.638 0.637 0.637 0.636 0.636 0.635 0.635
60 0.650 0.650 0.649 0.649 0.648 0.648 0.647 0.647 0.647 0.646 0.646 0.645 0.645
70 0.658 0.658 0.658 0.657 0.657 0.656 0.656 0.655 0.655 0.655 0.654 0.654 0.653
80 0.665 0.665 0.665 0.664 0.664 0.663 0.663 0.663 0.662 0.662 0.661 0.661 0.661
920 0.671 0.671 0.670 0.670 0.670 0.669 0.669 0.669 0.668 0.668 0.667 0.667 0.667
100 0.676 0.675 0.675 0.675 0.674 0.674 0.674 0.673 0.673 0.673 0.672 0.672 0.672
110 0.679 0.679 0.679 0.678 0.678 0.678 0.677 0.677 0.677 0.676 0.676 0.676 0.675
120 0.682 0.681 0.681 0.681 0.680 0.680 0.680 0.679 0.679 0.679 0.679 0.678 0.678
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Dynamic viscosity x 10°, ka/m s

Salinity, g/kg
Temp, °C 0 10 20 30 40 50 60 70 80 90 100 110 120
0 1.791 1.820 1.852 1.887 1.925 1.965 2.008 2.055 2.104 2.156 2.210 2.268 2.328
10 1.306 1.330 1.355 1.382 1.412 1.443 1.476 1.511 1.548 1.586 1.627 1.669 1.714
20 1.002 1.021 1.043 1.065 1.089 1.114 1.140 1.168 1.197 1.227 1.259 1.292 1.326
30 0.797 0.814 0.832 0.851 0.871 0.891 0.913 0.936 0.960 0.984 1.010 1.037 1.064
40 0.653 0.667 0.683 0.699 0.716 0.734 0.752 0.771 0.791 0.812 0.833 0.855 0.878
50 0.547 0.560 0.573 0.587 0.602 0.617 0.633 0.649 0.666 0.684 0.702 0.721 0.740
60 0.466 0.478 0.490 0.502 0.515 0.528 0.542 0.556 0.571 0.586 0.602 0.618 0.635
70 0.404 0.414 0.425 0.436 0.447 0.459 0.471 0.484 0.497 0.510 0.524 0.538 0.553
80 0.354 0.364 0.373 0.383 0.393 0.404 0.415 0.426 0.437 0.449 0.462 0.474 0.487
90 0.315 0.323 0.331 0.340 0.349 0.359 0.369 0.379 0.389 0.400 0.411 0.422 0.434
100 0.282 0.289 0.297 0.305 0.313 0.322 0.331 0.340 0.350 0.359 0.369 0.380 0.390
110 0.255 0.262 0.269 0.276 0.283 0.291 0.299 0.308 0.316 0.325 0.334 0.344 0.354
120 0.232 0.238 0.245 0.251 0.258 0.265 0.273 0.280 0.288 0.297 0.305 0.314 0.323
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Temperature, °C
Kinematic viscosity x 107, m?*/s
Salinity, g/kg
Temp, °C 0 10 20 30 40 50 60 70 80 90 100 110 120
0 17.92 18.06 18.23 18.43 18.65 18.90 19.16 19.46 19.77 20.11 20.46 20.84 21.24
10 13.07 13.20 13.35 13.51 13.69 13.89 14.10 14.33 14.57 14.82 15.09 15.38 15.67
20 10.04 10.16 10.29 10.43 10.58 10.75 10.92 11.10 11.30 11.50 11.71 11.93 12.17
30 8.01 8.12 8.23 8.36 8.49 8.63 8.77 8.93 9.09 9.26 9.43 9.61 9.80
40 6.58 6.68 6.78 6.89 7.00 713 7.25 7.38 7.52 7.66 7.81 7.96 8.11
50 5.53 5.62 5.71 5.81 5.91 6.02 6.13 6.24 6.36 6.48 6.61 6.74 6.87
60 4.74 4.82 4.91 4.99 5.08 5.18 5.28 5.38 5.48 5.59 5.70 5.81 5.93
70 413 4.20 4.28 4.36 4.44 4.52 4.61 4.70 4.79 4.89 4.98 5.08 5.19
80 3.65 3.71 3.78 3.85 3.93 4.00 4.08 4.16 4.25 4.33 4.42 4.51 4.60
90 3.26 3.32 3.38 3.45 3.51 3.58 3.65 3.73 3.80 3.88 3.96 4.04 412
100 2.94 3.00 3.05 3.11 3.17 3.24 3.30 3.37 3.44 3.51 3.58 3.65 3.73
110 2.68 2.73 2.78 2.84 2.89 2.95 3.01 3.07 3.13 3.20 3.26 3.33 3.40
120 2.46 2.51 2.55 2.60 2.65 2.71 2.76 2.82 2.88 2.93 3.00 3.06 3.12
25 - - - - i Accuracy  +1.5%
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>\ L o —*—S=80g/kg |
‘D | i ——S =100 g/kg
S | | —e—S=120g/kg
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S 10 1 | | | | |
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£ 5 = ‘ o
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Temperature, °C




Surface tension x 10°, Nim

Salinity, g/kg
Temp, °C 0 10 20 30 40 50 60 70 80 90 100 110 120
0 75.65 75.85 76.01 76.14 76.25 76.35 76.43 76.51 76.57 76.64 76.69 76.75 76.80
10 74.22 74.47 74.66 74.82 74.96 75.07 75.17 75.26 75.35 75.42 75.49 75.56 75.62
20 72.74 73.03 73.25 73.44 73.59 73.73 73.85 73.96 74.05 74.14 74.22 74.30 74.37
30 71.19 71.53 71.78 71.99 7217 72.32 72.46 72.58 72.69 72.79 72.88 72.97 73.05
40 69.60 69.97 70.25 70.49 70.68 70.86 71.01 71.14 71.26 71.38 71.48 71.57 71.66
50 67.94 68.35 68.66 68.92 69.13 69.32 69.49 69.64 69.77 69.89 70.01 70.11 70.21
60 66.24 66.68 67.01 67.29 67.53 67.73 67.91 68.07 68.21 68.35 68.47 68.58 68.69
70 64.48 64.95 65.31 65.61 65.86 66.07 66.27 66.44 66.59 66.73 66.87 66.99 67.10
80 62.67 63.17 63.55 63.87 64.13 64.36 64.56 64.75 64.91 65.06 65.20 65.33 65.44
90 60.82 61.34 61.74 62.07 62.35 62.59 62.80 62.99 63.16 63.32 63.47 63.60 63.73
100 58.91 59.45 59.87 60.22 60.51 60.76 60.98 61.18 61.36 61.52 61.67 61.81 61.95
110 56.96 57.52 57.96 58.31 58.61 58.87 59.10 59.31 59.50 59.67 59.82 59.97 60.10
120 54.97 55.54 55.99 56.36 56.67 56.93 57.17 57.38 57.57 57.75 57.91 58.06 58.20
80 ; ; ; ; ; ; Extrapolated data
| | | ——S=0glkg Accuracy +0.18%
75 ] L [ [ —&—S=20gkg |
£ . | | ——S =40 g/kg
E— £ 3 3 ——S =60 g/kg
e T S, o ——S=80gkg |
x ——S =100 gkg
% 65 -~ R N glkg
3 I I I
8 60
£ i i i i
a | | | | |
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0 10 20 30 40 50 60 70 80 90 100 110 120 130
Temperature, °C
Osmotic coefficient
Salinity, g/kg
Temp, °C 10 20 30 40 50 60 70 80 90 100 110 120
0 0.894 0.895 0.897 0.901 0.906 0.913 0.921 0.930 0.941 0.953 0.967 0.982
10 0.898 0.899 0.901 0.905 0.911 0.918 0.926 0.936 0.948 0.961 0.975 0.991
20 0.900 0.901 0.904 0.908 0.914 0.921 0.930 0.941 0.953 0.967 0.982 0.999
30 0.902 0.903 0.906 0.910 0.916 0.924 0.933 0.944 0.957 0.972 0.988 1.006
40 0.903 0.904 0.907 0.911 0.917 0.925 0.935 0.946 0.960 0.975 0.992 1.010
50 0.903 0.904 0.906 0.911 0.917 0.925 0.935 0.947 0.961 0.976 0.994 1.013
60 0.902 0.903 0.905 0.910 0.916 0.925 0.935 0.947 0.961 0.976 0.994 1.014
70 0.900 0.901 0.903 0.908 0.914 0.923 0.933 0.945 0.959 0.975 0.993 1.013
80 0.898 0.898 0.901 0.905 0.911 0.920 0.930 0.942 0.956 0.972 0.991 1.011
920 0.894 0.895 0.897 0.901 0.908 0.916 0.926 0.938 0.952 0.968 0.986 1.006
100 0.890 0.890 0.893 0.897 0.903 0.911 0.921 0.933 0.947 0.963 0.981 1.001
110 0.886 0.886 0.888 0.891 0.897 0.905 0.915 0.927 0.940 0.956 0.974 0.993
120 0.880 0.880 0.882 0.885 0.891 0.898 0.908 0.919 0.933 0.948 0.965 0.985
1.04 Accuracy  +1.4%
1.00
8
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Prandtl number

Salinity, g/kg
Temp, °C 0 10 20 30 40 50 60 70 80 90 100 110 120
0 13.18 13.21 13.25 13.31 13.40 13.50 13.63 13.78 13.94 14.13 14.34 14.56 14.81
10 9.32 9.36 9.41 9.48 9.56 9.65 9.76 9.87 10.00 10.14 10.30 10.46 10.64
20 6.95 7.00 7.06 712 719 7.27 7.36 7.46 7.56 7.67 7.79 7.92 8.05
30 5.40 5.45 5.51 5.57 5.63 5.70 5.78 5.86 5.94 6.03 6.13 6.23 6.33
40 4.34 4.38 4.43 4.49 4.54 4.60 4.67 4.74 4.81 4.88 4.96 5.04 5.13
50 3.57 3.61 3.66 3.71 3.76 3.81 3.87 3.93 3.99 4.05 412 418 4.25
60 3.00 3.04 3.08 3.12 3.17 3.22 3.27 3.32 3.37 3.42 3.48 3.54 3.60
70 2.57 2.60 2.64 2.68 2.72 2.76 2.81 2.85 2.90 2.94 2.99 3.04 3.09
80 2.23 2.27 2.30 2.33 2.37 2.41 2.45 2.49 2.53 2.57 2.61 2.66 2.70
90 1.97 2.00 2.03 2.06 2.09 213 2.16 2.20 2.23 2.27 2.31 2.35 2.39
100 1.76 1.78 1.81 1.84 1.87 1.90 1.93 1.96 1.99 2.03 2.06 2.10 213
110 1.59 1.61 1.63 1.66 1.69 1.71 1.74 1.77 1.80 1.83 1.86 1.89 1.93
120 1.45 1.47 1.49 1.51 1.54 1.56 1.59 1.61 1.64 1.67 1.70 1.73 1.76
Accuracy  +3.3%
12 - - - - - - -
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Temperature, °C
Thermal diffusivity, x10” m?/s
Salinity, g/kg
Temp, °C 0 10 20 30 40 50 60 70 80 90 100 110 120
0 1.36 1.37 1.38 1.38 1.39 1.40 1.41 1.41 1.42 1.42 1.43 1.43 1.43
10 1.40 1.41 1.42 1.43 1.43 1.44 1.45 1.45 1.46 1.46 1.47 1.47 1.47
20 1.44 1.45 1.46 1.46 1.47 1.48 1.48 1.49 1.49 1.50 1.50 1.51 1.51
30 1.48 1.49 1.50 1.50 1.51 1.51 1.52 1.52 1.53 1.53 1.54 1.54 1.55
40 1.52 1.52 1.53 1.54 1.54 1.55 1.55 1.56 1.56 1.57 1.57 1.58 1.58
50 1.55 1.56 1.56 1.57 1.57 1.58 1.59 1.59 1.60 1.60 1.61 1.61 1.62
60 1.58 1.59 1.59 1.60 1.60 1.61 1.62 1.62 1.63 1.63 1.64 1.64 1.65
70 1.61 1.61 1.62 1.63 1.63 1.64 1.64 1.65 1.65 1.66 1.67 1.67 1.68
80 1.63 1.64 1.64 1.65 1.66 1.66 1.67 1.67 1.68 1.69 1.69 1.70 1.70
90 1.65 1.66 1.67 1.67 1.68 1.68 1.69 1.70 1.70 1.71 1.72 1.72 1.73
100 1.67 1.68 1.69 1.69 1.70 1.70 1.71 1.72 1.72 1.73 1.74 1.74 1.75
110 1.69 1.70 1.70 1.71 1.72 1.72 1.73 1.73 1.74 1.75 1.75 1.76 1.77
120 1.70 1.71 1.72 1.72 1.73 1.74 1.74 1.75 1.75 1.76 1.77 1.77 1.78
Accuracy  +3.0%
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Thermal diffusivity x 10, m%/s
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Specific flow exergy, kJ/kq T0 25 C S0 35 a/kg
Salinity, g/kg
Temp, °C 10 20 30 40 50 60 70 80 90 100 110 120
10 4.3 2.9 2.1 1.7 1.8 2.0 24 3.0 3.6 4.3 5.1 6.1 7.3
20 29 1.4 0.6 0.2 0.2 0.5 0.9 1.4 21 2.8 3.6 4.5 5.7
30 2.9 1.4 0.5 0.2 0.2 0.4 0.8 1.3 2.0 2.7 3.5 4.4 5.6
40 4.2 2.7 1.9 1.5 14 1.7 21 2.6 3.2 3.8 4.6 5.6 6.8
50 6.9 5.3 4.4 4.0 4.0 4.1 4.5 5.0 5.6 6.2 7.0 7.9 9.1
60 10.7 9.1 8.1 7.7 7.6 7.8 8.1 8.6 9.1 9.7 10.5 11.4 12.5
70 15.6 14.0 13.0 12.5 12.3 12.5 12.7 13.2 13.6 14.2 14.9 15.8 16.9
80 216 19.9 18.8 18.3 18.1 18.1 18.4 18.7 19.1 19.7 20.3 211 221
920 28.6 26.8 25.7 25.0 24.8 24.7 249 25.1 255 25.9 26.5 27.2 28.1
100 36.6 34.7 335 32.7 32.3 322 32.3 324 32.7 33.0 334 34.0 34.9
110 455 435 42.2 41.3 40.8 40.5 40.5 40.5 40.6 40.8 411 41.6 42.3
120 55.4 53.2 51.7 50.7 50.1 49.7 49.4 49.3 49.3 49.3 49.5 49.8 50.3
60 - - Accuracy +0.5%
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Materialovy list
nerezové oceli AISI 316L (ekv. 17 349)
[110]




GSN 41 7349 OCEL

Austenitickd korozivzdornd Cr-Ni-Mo ocel
17 349

Chemické sloZeni [hm. %]

C Mn Si Cr Ni Mo P S

Bngé S‘S’é Too | 165185 | 110140 | 20-25 0%?5 0%33"0

Polotovary
[1] tye tvarené za tepla [4] trubky bezeSvé tvarené za studena
[2] plechy vélcované za tepla [5] tlusté plechy valcované za tepla
[3] trubky bezeSvé tvarené za tepla
Mechanické vlastnosti
Polotovar (1] [2]
Rozmér t, d [mm] =60 | 60-100 | 100-250 =10 | 1030
Stav 4 4
Mez kluzu R, 0,2 [MPa] min 176 196
Mez Kluzu R, 1,0 [MPa] min 215 235
Mez pevnosti R;, [MPa] 441-686 441-686
Taznost As [%] min 45 40 35 34 30
Vrubovd houzevnatost| podél 176 137 98 - 137
KCU 3 [J.cm™?] min | napfit - 98 68 - 98
Tvrdost HB - -
Modul pruznosti E [GPa] 200
Modul pruznosti ve smyku G [GPa] —
Polotovar (3] [4] 5]
Rozmér t, d [mm] =89 =80 30-80
Stav A4 A4 A4
Mez kluzu R, 0,2 [MPa] min 176 176 195
Mez Kluzu R, 1,0 [MPa] min 215 215 235
Mez pevnosti R,, [MPa] 441-735 441-735 440-690
Taznost As [%] min 40 40 napfic 34
Vrubova houzevnatost | podél - - 125
KCU 3 [J.cm?] min | napfit - - 80
Vrubova houzevnatost podél - - 70
KGCV-1% [MPa] min napiic — — 40
Modul pruznosti E [GPa] 200
Modul pruznosti ve smyku G [GPa] —
Teplota [°C] 100 200 400 600 800
Modul pruznosti E [GPal
7a zvyégnych teplot 195 185 170 155 135




Teplota [°C] 50 [ 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600
Nejnizsi mez kluzu R, 0,2 [MPa]
7a zvygenych teplot 166 | 161 | 156 | 147 | 137 | 127 | 122 | 117 | 112/| 107 [ 102 | 98
Nejniz8i mez kluzu R, 1,0 [MPa]
2a zvysenych teplot 201 [ 191 | 186 | 176 | 166 | 156 | 152 | 147 | 142 | 137 | 132 | 127
Fyzikalni viastnosti

Hustota M&rna tepelna Teplotni soucinitel Tepelna Rezistivita

kapacita roztaznosti vodivost
p [kg.m?] ¢ [J. kg K] o [K7] MW mT K] p[Q.m]
7900 440 16,5.108 14,7 750.10~°

Odolnost proti degradaénim procesiim

ODOLNOST PROTI PLOSNE KOROZI
odoldvd po rozpoustécim Zihani fadé agresivnich Cinidel, zejména kyseling sirové a fosforeCné a je zcela srovna-
telnd s oceli 17 346, je vSak méné ndchylna k noZové korozi

ODOLNOST PROTI MEZIKRYSTALOVE KOROZI
zarucena podle CSN 03 8169; pfi delSim setrvdni v oblasti kritickych teplot nelze v silng agresivnich prostfedich
mezikrystalové napadeni vyloucit nad teplotou 450 °C

Technologické tidaje
TEPELNE ZPRACOVANI
rozpoustéci Zihani
Zihani ke snizeni pnuti

10201080 °C ochlazovat podle tloustky bud na vzduchu nebo ve vodé
850— 950 °C 10— 15 min. na teploté, ochlazovat na vzduchu

TVARITELNOST

teploty tvareni 1 150 — 850 °C ochlazovat na vzduchu

SVARITELNOST
podle CSN 05 1310 — zarugend

OBROBITELNOST soustruzeni, hoblovani frézovani, vrtani
polotovar [1] [2] [5] stav .4 9b 9b

TECHNOLOGICKE ZKOUéKYv
zkouska rozsifovanim podle CSN 42 0415.5 (B = 30°)
d/D

DU-D 09 08 07 06

1000 34 36 40 45

zkouska smacknutim podle CSN 42 0415.4
trubky pfi Uplném smacknuti nevykazuji poSkozeni

PouZziti
Pro stavbu zafizenf tlakovych nadob a aparat(i v chemickém, farmaceutickém, textilnim a potravindfském priimyslu,
kde se vyZaduje zvySend odolnost proti neoxidujicim kyselindm nebo zvySend Cistota produktu, zejména na svaro-
vané dily, které maji odoldvat mezikrystalové korozi a nelze je po svafeni Zihat. Vhodné na soucasti lesténé na vy-
Soky lesk.




Ostatni vlastnosti
Druh oceli podle zplisobu vyroby

Barevné znaceni podle CSN 42 0010

Trida odpadu podle CSN 42 0030

elektroocel Cervend — svétlemodrd — cernd 057
Porovnani se zahraniénimi materialy
1SO EURO Némecko
Type 19 ISO 683/13-74  [X2CrNiMo 17-12-2 | EN 10088/1-3-93 |X2CrNiMo 17 132 | DIN 17440-85
Type 19 IS0 683/13-86 | X2CrNiMo 17132 | EN 88/1-3-86 X2CrNiMo 17132 | DIN 17441-85
X3CrNiMo 1712 2KD | EN 119-74 X2CrNiMo 17132 | DIN 17455-85
X2CrNiMo 17122 | DIN 17457-85
X2CrNiMo 17122 | DIN 17458-85
Francie Velkd Britanie Rusko
Z3CND 18-12-02| NF A35-574-90 [316S11 BS 3605/1-91 03Ch17N14M2
130ND 17-12-02FF | NF A36-607-84 |316511 BS 3606-92
Z2CND 17-12 | NF A36-582-79 (316511 BS 970/1-91
X2CrNiMo 17-12-2 | NF EN 10088/1-3-93| 316511 BS 1501/3-90
X2CrNiMo 17-12-2 | BS EN 10088/1-3-93
USA Japonsko Kanada
316 L ASTM A276 -80a | SUS 316 JIS G4303-81
F316 L ASTM A182 SUS 316 L JIS G4303-91
F316L ASTM A336 SUS 316 L JIS G4309-88 - -
TP 316 L ASTM A213 SUS 316 L JIS G3468-88
TP 316 L ASTM A312 SUS 316 L JIS G4308-91
ltalie Rakousko Svédsko
X2CrNiMo 1712 | UNI 6901-71 X2CrNiMo17 13 2 KKW| ONORM M3121-91 | 2348 SS 142348
X2CrNiMo 1712 | UNI 6904-71
X2CrNiMo 1712 | UNI 7500-75
X2CrNiMo 1712 | UNI 8317-81
X2CrNiMo 17122 | UNI EN 10088/1-3-93
Polsko Madarsko Norsko
00H17N14M2 | PN H-86020-71 - | - 14455 [ NS 14455
Finsko Swcarsko Spanélsko
X2CrNiMo 17122 | SFS 750 X2CrNiMo 17132 | UNE 36016/1-90
B - X2CrNiMo 17132 | UNE 36016/2-89
Australie Bulharsko Brazilie
316L AS 1449-94 000Ch17N14M2 | BDS 6738-72 V-316 L Br.800
316L AS 2837-86
Cina - -
00Cr17Ni14Mo2 ~ GB 2270-80
00Cr17Ni14Mo2  GB 1220-92
00Cr17Ni14Mo2  GB 4239-91 - -
00Cr17Ni14Mo2 ~ GB 4356-84
00Cr17Ni14Mo2  GB 12770-91
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Materialovy list
mosazi CuZn40
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CSN 42 3220 Slitina médi tvarend MOSAZ

STN 42 3220 pro veobecné Ucely CuZn40
Chemickeé slozeni [hm. %]
Cu Pb pfimési celkem n
59,0-62,0 max 0,3 max 0,7') zbytek
Polotovary

[1] plechy a desky valcované za tepla (rozméry CSN 42 8302)
[2]1 plechy, pasy, pruhy a kotoute vélcované za studena (rozméry CSN 42 8306)

Mechanické vlastnosti

Polotovar (1] (2]
Rozmér t [mm] podle CSN podle CSN <10
Stav tvafeny za tepla mékky 1/2 tvrdy
Mez kluzu R, 0,2 [MPa] min - inf. 200 inf. 300
Mez pevnosti R,, [MPa] 340-440 320-390 390-470
Taznost Ay [%] min inf. 15 min 30 min 18
Tvrdost HB - 65-110 100-140
Modul pruznosti E [GPa] inf. 98 inf. 96 inf. 101
Polotovar [2]
Rozmér t [mm] <7 <16
Stav tvrdy pruzinové tvrdy
Mez kluzu R, 0,2 [MPa] min inf. 390 inf. 440
Mez pevnosti R, [MPa] 470-540 min 540
Taznost Ay [%] min 10 min 5
Tvrdost HB 130-160 150-180
Modul pruznosti E [GPa] inf. 103 inf. 104
Fyzikalni vlastnosti
Hustota Meémé tepelnd Teplotni soucinitel Tepelna Konduktivita
kapacita roztaznosti vodivost
p [kg.m?] ¢, [J. kg K] o [K7] AW m K] e [MS.m"7]
19,8.10 (10-100 °C), 15 (tvrdy stav)
8400 375 20,8.10% (25-300 °C) £ 16 (mékky stav)

Odolnost proti degradaénim procesim
ODOLNOST PROTI KOROZI

je celkové dobrd, podobna technicky Cisté médi; ma lepSi odolnost proti slouenindm obsahujicim situ nez
mosazi s menSim obsahem zinku




Technologické tdaje
TEPELNE ZPRACOVANI

rekrystalizacni Zihdni 530-600 °C, 1-2 h/ochlazovat na vzduchu

TVARITELNOST

tvafitelnost za tepla
tvafitelnost za studena
teploty tvareni

teploty taveni

velmi dobrd
dobra

680780 °C (kovani), 700-800 °C (valcovani), 750 °C (lisovani)

895-900 °C

SVARITELNOST A PAJITELNOST }
mosaz vhodnd pro svafovani plamenem (pfidavny materidl CSN 05 5686, tavidlo nutné), obalenou elektrodou
(pfid. mat. CSN 05 5281, bez tavidla), technologif TIG (pfid. mat. GSN 05 5686, tavidlo doporuceno) i pod

tavidlem (pfid. mat. CSN 42 3001); do tloustky 2 mm se polotovary [1] svafuji odporové bodové

velmi dobrd pajitelnost cinovymi a str

ibrnymi pajkami

OBROBITELNOST

tvrdost HB max 185 CSN 42 3213
tfida obrobitelnosti 11c 11c
koef. obrobitelnosti k, 1,00 1,00
TECHNOLOGICKE ZKOUSKY

se U této mosazi nepoZaduji

Pouiziti

Na dekoragni a architekturni panelové plechy, na razené a pokovované drobné zboZi (zdrhovadla, patentnf

spinadla).

Ostatni vliastnosti

Barevné znateni podle CSN 42 1307 Trida odpadu podle CSN 42 1331
zékladni — Cernd | vedlejSi — Zlutd 364
Porovnani se zahraniénimi materialy
1S0 EFURO Némecko
Cuzn40 | 150 426/1 Cuzn40 | EN 1652 Cuzn40 | DIN 17660
Francie Velkd Britanie Rusko
Cuzn40 [ NFAs1-101  [cz109 | BS 2874 L60 | GOST 15527-70
USA Japonsko Kanada
£28000 ASTM B135 02801 JIS H3100
2800 JIS H3250 - -
ltdlie Rakousko Svédsko
P-Cuznd0 [ UNI 4891 CuZnd0 | ONORM M3404 - | -
Polsko Madarsko Norsko
Cuzn40 | PN H-87025 - | - - | -
Finsko Svycarsko Spanglsko
- | - - | - CuZn40 | UNE 37103-1
Poznamky

') obsah Ni < 0,2 % se pfipoCte k obsahu Cu
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hlinikové mosazi CuZn20AI2As




EMH-Brass Tubes in CuZn20AI2As

CuZn20AI2As is a special brass with
excellent corrosion resistance due to the
addition of aluminium and arsenic. This
material is primarily used for condenser
tubes and finned tubes for river and
domestic water applications.

Physical Properties *

Electrical conductivity

MS/m 125
% IACS 22

Thermal conductivity
WI(m*K) 100

Thermal expansion coefficient

(0 =300 °C) 10°%/K 19.0
Density
g/lcm3 8.3

Modulus of elasticity

GPa 103

* Standard values at room temparature
1 GPa = 1 kN/mm?
1 MS/m =1 m/Q ¢ mm

Chemical Composition *

Emil Miiller GmbH
Metallwerk - Hespert

Tubes in Copper
and Copper-Alloys

Material Description

Cu 78 % EN CuZn20AI2As, CW702R
Zn Rest UNS C68700
Al 2% DIN* CuZn20Al, 2.0460
As 0.04 % BS* CzZ110

NF* Cu-Zn22Al

* Standard values in % by weight

Processing Properties

Machinability 30 %
(Cuzn39Pb3 = 100%)

Cold forming

fair
Hot forming fair
Resistance welding fair
Inert gas shielded arc welding good
Hard soldering fair
Soft soldering poor

Surface Treatment

Polishing

mechanical excellent
electrolytical excellent
Electroplating excellent

Mechanical Properties (attainable values, depending on the dimension and form)

* former national standards

Heat Treatment

930-970°C
750 - 820 °C
700 -750 °C, 1-3h

Melting point

Hot forming

Soft annealing

Thermal

stress-relieving 550 - 600 °C, 1-3h

Corrosion Resistance

Special brass alloys have in general an
excellent resistance to corrosion. This
alloy has an excellent resistance as far
as sea water is concerned and is also
not prone to dezincification.

Standard values from (soft) to (hard)
Rm [MPa] 340 430
Rpo. [MPa] 120 200
As [%] 45 50
HB 65 95

Phone +49 - 2265 -993 - 0

Emil Miller GmbH Metallwerk —Hespert e An der Autobahn1l e 51580 Reichshof-Hespert ¢ Germany
Fax +49-2265-99 3399 e info@mueller-hespert.de

e www.mueller-hespert.de
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