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LAMPIRAN 1. Table A.3 Properties of Saturated Water ( Liquid-Vapor) Pressure
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LAMPIRAN 2. Table A.4 Properties of Superheated Water Vapor

TANLE wo Propestios of Soperhieatad Wales Vigos

T v " h 2 v n A N
N w'g  ung Ay ung K :'l_u WRg kiRy  AAg-K
= 0006 has = 0,006 NP =138 hat = D033 MY

(T = 36.16°C) 1T, = T2470C)

Sa 23.7%9 | 32290 | 25674 | B304 8526 | 24730 | 26354 | T71ss
0 2737 | 24873 | sl | ssaM 4525 | 24337 | 26456 | 77504
1M 0219 | 253487 | 27260 | AT A6 | 25424 | 27230 | 7968
10 3530 | 26027 | w028 | sows S50 | 26052 | 2R | S1519
20 363K | w614 | 2879 | ans 6228 | 266004 | 26754 | 25237
20 W36 | 27210 | 29578 | eas2 6758 | 272003 | 20848 | sauzs
IR0 4250 | 2781 | 30568 | 9446t 7257 | 73009 | Moa0 | B6314
IM asair | G0 | a7 | 95w TRIS | 228 | 316l | a2
S0 a6 | woss | uer | 9Tis 8344 | 20080 | 31970 | soosd
W0 SLT | 9000 | 32798 | 93435 £A72 | 29886 | 32092 | 90291
40 saxs) | 20335 | 3626 | 99633 3400 | 30332 | 3322 | 91490
S0 6T | 31323 1 3ases | 100356 10092 | 3132 | 3K | 931
# = 0N bar = 0LO7 MPy f = 100 = 0,10 MPa
(Tw = B995°C) (T = 99.63C)
AL
Sw 2.38% | 2auas | w600 | TAT9T 14654 | 29061 | 26755 | T35
100 243 | 25097 | 2800 | T34 165G | 25067 | 20762 | 73614
10 2570 | 25397 f 29s | TATS 179G | 25373 | Ik | Tanes
10 23881 | 25994 | 29k2 | a9 1934 | 29974 | 27962 | Th59T
20 3.0 | 26590 | 2767 | 0012 2072 | 26880 | 287853 | Ts34s
23 334 | 27193 | w558 | ksl 239 | 27385 | 29545 | T99m
280 3640 | 27802 | 30558 | 8362 2546 | 27796 | W34 | Spass
320 3008 | 2m4z0 | 31153 | R4S 2732 | 28448 | 3ide | xasss
M0 4070 | 29046 | 3lons | ssxoy 2917 | 2302 | 51954 | =417s
M0 443 | o682 | 327Re | 5086 3003 | 29679 | 37E2 | xsaas
0 A | 0529 | Gels | sxme 3288 | HBLe | 33604 | A6
w0 5095 | 31318 | 34eRs | Bs 3865 | 31306 | Sess) | osssar
M= LS har =155 MPa p= 308 =030MPs

T = L 1137%C) (T = 133.55%C)
s bise | 2sie7 | mene | 72 aso: | 28436 | 27255 | Aue
120 baEs | 25353 [ 014 | Taen
160 L317 | 2995 | 202s | T4ees nast | 2sx71 | 2vaay | 7a2ve
200 1.4 | %62 | w729 | Ts4ES 076 | 24507 | 28655 | F311s
20  Ls® | 2172 sy | rans2 075F | 2730 | 273 | AT
280 LS | 2778 | 303zs | THsss 0544 | 27754 | M2s6 | 70629
0 1819 | 28306 | 3RS | 5096 0507 | 238 | 3000 | T2
30 194 | w038 | 3eso | 852293 056 | 29004 | 31522 | 70081
W 2067 | 29673 | 12774 | 83s5S 1032 | 29656 | 32750 | 203w
443 2098 | a2 | 35607 | 84757 1093 | B0k | 33887 | sas3s
SO0 237 | 31312 | 3487 | sadeh 1087 | 313an | sesen | w328
B0 2688 | 33007 | sodz | ssw 1.34) | 300 | saa | ssse

XCiv




XCv

LAMPIRAN 3. Thermophysical Properties of Saturated Water

854
APPENDIX 1

TABLE A-9
Properties of saturated water

Volume
Enthalpy  Specific Thermal Prandti Expansion
Saturation Density of Heat Conductivity Dynamic Viscosity Number Coefficient

Temp. Pressure p, kg/m? /aporizati C,, kg - K k, Wim - k w, kgim - s Pr B. 1K

T.°C Pu, kP2 Liquid  Vapor hy klkg Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Liquid
0.01 06113 9998 0.0048 2501 4217 1854 0.561 0.0171 1.792x 10-! 0922 x 105 135 1.00 =-0.068 x 10~*
5 0.8721 9999 00068 2490 4205 1857 0571 00173 1519x 10~ 0934 x 10~ 11.2 1.00 0.015x 10~}
10 1.2276 999.7 0.0094 2478 4194 1862 0.580 0.0176 1.307 X 10-? 0.946 x 105 9.45 1.00 0.733 x 10-?
15 1.7051 999.1 00128 2466 4185 1863 0589 0.0179 1.138x 10~ 0959 x 10~* B.09 1.00 0.138x 10~
20 2.339 998.0 0.0173 2454 4182 1867 0.598 0.0182 1.002 x 10! 0973 x 105 7.01 1.00 0.195x 10-}
25 3.169 997.0 00231 2442 4180 1870 0607 00186 0891 x 10~ 0987 x 10*5 6.14 100 0.247 x 10~*
30 4.246 9960 0.0304 2431 4178 1875 0615 0.0189 0798 x 10~ 1.001 x 105 542 1.00 0.294 x 10-}
35 5628 9940 00397 2419 4178 1880 0623 00192 0720x 10! 1016x 10*5 4.83 100 0.337 x 10~*
40 7.384 9921 00512 2407 4179 1885 0631 0019 0653x 10-* 1.031x 105 432 100 0.377 x 10~
45 9.593 990.1 00655 2395 4180 1892 0637 00200 0596 x 10! 1046x 10*5 391 100 0.415x 10~
50 1235 9881 00831 2383 4181 1900 0644 00204 0.547 x 10-* 1.062 x 105 3.55 1.00 0.451 x 10~*
55 15.76 9852 0.1045 2371 4183 1908 0649 00208 0.504 x 10=* 1077 x10*5 325 100 0.484 x 10~*
60 19.94 9833 0.1304 2359 4185 1916 0654 00212 0467 x 10-* 1.093x 105 299 100 0.517 x 10~*
65 2503 9804 01614 2346 4187 1926 0659 00216 0433 x 10~* 1.110x10*5 2.75 100 0.548 x 10~*
70 31.19 9775 0.1983 2334 4190 1936 0.663 0.0221 0404 X 10-* 1.126 x 105 2.55 1.00 0.578 x 10~}
75 3858 9747 0.2421 2321 4193 1948 0667 0.0225 0.378x 10~* 1.142x 105 238 1.00 0.607 x 10~
20 47.39 9718 02935 2309 4197 1962 0.670 00230 0.355x 10-? 1159 x 105 222 100 0.653 x 10~?
85 57.83 968.1 0.3536 2296 4201 1977 0673 0.0235 0.333x 10! 1.176x10*5 208 1.00 0.670x 10~
90 70.14 9653 04235 2283 4206 1993 0675 0.0240 0.315x 10-? 1193 x 105 196 1.00 0.702 x 10~}
95 8455 9615 05045 2270 4212 2010 0677 00246 0.297 x 10~* 1210%x10*5 1.85 100 0.716 x 10~*
100 101.33 9579 05978 2257 4217 2029 0679 0.0251 0.282x10-* 1227x10*5 175 1.00 0.750 x 10~?
110 143.27 9506 0.8263 2230 4229 2071 0682 0.0262 0.255x 10~ 1.261 x 10~ 158 1.00 0.798 x 10~*
120 19853 9434 1121 2203 4244 2120 0683 0.0275 0.232x 10! 1.296x 10~ 1.44 1.00 0.858x 10-3
130 270.1 9346 1.49% 2174 4263 2177 0684 0.0288 0213x 10~ 1.330x 10~ 133 1.01 0913 x10*
140 361.3 921.7 1.965 2145 4286 2244 0683 0.0301 0.197x10-! 1.365x 105 1.24 1.02 0.970 x 10-3
150 475.8 916.6 2.546 2114 4311 2314 0682 0.0316 0.183x 10~ 1.399x 10~ 116 1.02 1.025x 10~}
160 617.8 9074 3.256 2083 4340 2420 0680 0.0331 0.170x 10-! 1434 x 10 109 1.05 1.145x10-}
170 791.7 897.7 4119 2050 4370 2490 0677 0.0347 0.160x 10~ 1468 x 10~ 1.03 1.05 1.178x 10~}

180 1,002.1 887.3 b5.153 2015 4410 2590 0673 0.0364 0.150x 10-* 1502 x 105 0.983 1.07 1.210x 10}
190 1,254.4 8764 6.388 1979 4460 2710 0.669 0.0382 0.142 x 10~' 1537 x 10* 0.947 1.09 1.280 x 10~}
200 1,553.8 8643 7.852 1941 4500 2840 0.663 0.0401 0.134 x 10-* 1571 x 105 0910 I1.11 1.350x 10-3

220 2,318 840.3 1160 1859 4610 3110 0.650 0.0442 0.122 x 10! 1.641 X 10* 0.865 1.15 1.520 x 10~
240 3,344 8137 1673 1767 4760 3520 0.632 0.0487 0.111x10-* 1712x 10 0836 1.24 1.720 x 10~}
260 4,688 7837 2369 1663 4970 4070 0.609 0.0540 0.102 x 10=' 1788 x 10~° 0.832 1.35 2.000 x 10~
280 6412 7508 33.15 1544 5280 4835 0.581 0.0605 0.094 x 10-* 1.870 x 10-5 0.854 149 2.380 x 10~}
300 8,581 7138 46.15 1405 5750 5980 0.548 0.0695 0.086 x 10=' 1.965x 10*° 0.902 1.69 2.950 x 10~
320 11,274 667.1 64.57 1239 6540 7900 0.509 0.0836 0.078 x 10-* 2084 x 105 100 1.97

340 14,586 610.5 92.62 1028 8240 11,870 0469 0.110 0070x 10=! 2255x 105 1.23 243

360 18,651 528.3 144.0 720 14690 25800 0427 0.178 0060x10-* 2571 x 105 206 3.73

374.14 22,090 317.0 317.0 0 — - - - 0.043 x 10=* 4.313 x 10*°

Note 1: Kinematic viscosity » and thermal diffusivity « can be calculated from their defintions, » = w/p and & = kpc, = »/Pr. The temperatures 0.01°C, 100°C,
and 374.14°C are the triple-, boiling-, and critical-point temperatures of water, respectively. The properties listed above (except the vapor density) can be used at
any pressure with negligible error except at temperatures near the critical-point value.

Note 2: The unit ki/kg - °C for specific heat is equivalent to k&g - K, and the unit Wim - °C for thermal conductivity is equivalent to W/m - K.

Source: Viscosity and thermal conductivity data are from J. V. Sengers and J. T, R. Watson, Journal of Physical and Chemical Reference Data 15 (1986),
pp. 1291-1322. Other data are obtained from various sources or calculated.
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LAMPIRAN 4. Thermophysical Properties of Gases at Atmospheric Pressure
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APPENDIX 1

TABLE A-15

Properties of air at 1 atm pressure

Specific Thermal Thermal Dynamic Kinematic Prandt!
Temp, Density Heat Conductivity Diffusivity Viscosity Viscosity Number
7.°C p, kgim* c, kg Kk Wim . K o, mifs? u, kg/m s ¥, m3ls Pr
-150 2.866 983 0.01171 4.158 x 107% B.636 x 107° 3.013x 107 0.7246
-100 2.038 966 0.01582 8.036 x 107 1.189 x 107® 5.837 x 107 0.7263
-50 1.582 999 0.01979 1.252 x 10-3 1.474 x 10% 9.319 x 10-¢ 0.7440
-40 1.514 1002 0.02057 1.356 x 107* 1.527 x 107* 1.008 x 107 0.7436
-30 1.451 1004 0.02134 1.465 x 107 1.579 x 107* 1.087 x 107 0.7425
-20 1.394 1005 0.02211 1.578 x 10~ 1.630 x 10-% 1.169 x 10-% 0.7408
-10 1.341 1006 0.02288 1.696 x 107* 1.680 x 107 1.252 x 1078 0.7387
0 1.292 1006 0.02364 1.818 x 107 1.729 x 107® 1.338 x 107% 0.7362
5 1.269 1006 0.02401 1.880 x 10-% 1.754 x 10-% 1.382 x 10-% 0.7350
10 1.246 1006 0.02439 1.944 x 107* 1.778 x 107* 1426 x 107 0.7336
15 1.225 1007 0.02476 2.009 x 107® 1.802 x 107* 1470 x 107% 0.7323
20 1.204 1007 0.02514 2,074 x 103 1.825 x 10-% 1516 x 102 0.7309
25 1.184 1007 0.02551 2.141 x 107* 1.849 x 107* 1562 x 107 0.7296
30 1.164 1007 0.02588 2.208 x 107 1.872 x 107* 1608 x 107% 0.7282
35 1,145 1007 0.02625 2,277 % 1078 1.895 x 10% 1.655 x 10-% 0.7268
40 1.127 1007 0.02662 2.346 x 107* 1.918 x 107* 1.702 x 107 0.7255
45 1.109 1007 0.02699 2416 x 107% 1.941 x 107* 1.750 x 107 0.7241
50 1.092 1007 0.02735 2487 x 1073 1.963 x 10-% 1.798 x 10-% 0.7228
60 1.069 1007 0.02808 2.632 x 107* 2.008 x 107* 1.896 x 107® 0.7202
70 1.028 1007 0.02881 2.780 x 107® 2.052 x 107% 1995 x 107% 0.7177
80 0.9994 1008 0.02953 2,931 x 1078 2.096 x 10~ 2.097 x 10-% 0.7154
o0 0.9718 1008 0.03024 3.086 x 107* 2.139 x 107® 2.201 x 107 0.7132
100 0.9458 1009 0.03095 3.243 x 107® 2.181 x 107* 2.306 x 107 0.7111
120 0.8977 1011 0.03235 3.565 x 103 2.264 % 10~ 2522 x 10-8 0.7073
140 0.8542 1013 0.03374 3.808 x 107* 2.345 x 107 2.745 x 107 0.7041
160 0.8148 1016 0.03511 4.241 x 107 2.420 x 107% 2975 x 1078 0.7014
180 0.7788 1019 0.03646 4.593 x 10-% 2.504 x 10-% 3.212 x 10-% 0.6992
200 0.7459 1023 0.03779 4.954 x 107* 2.577 x 107* 3.455 x 1078 0.6974
250 0.6746 1033 0.04104 5.890 x 107* 2.760 x 107% 4091 x 10°% 0.6946
300 0.6158 1044 0.04418 6.871 X 1073 2,934 x 108 4.765 x 10-% 0.6935
350 0.5664 1056 0.04721 7.892 x 1073 3.101 x 107® 5475 x 1078 0.6937
400 0.5243 1069 0.05015 8951 x 107 3.261 x 107® 6.219 x 1078 0.6948
450 0.4880 1081 0.05298 1.004 x 10 3.415 x 10% 6.997 x 10-% 0.6965
500 0.4565 1093 0.05572 1117 x 107* 3.563 x 107% 7.806 x 107% 0.6986
600 0.4042 1115 0.06093 1.352 x 107* 3.846 x 107* 9515 x 107 0.7037
700 0.3627 1135 0.06581 1.598 x 10~ 4.111 x 10-% 1.133 x 10-* 0.7092
800 0.3289 1153 0.07037 1.856 x 107* 4.362 x 107° 1.326 x 107* 0.7149
900 0.3008 1169 0.07465 2122 x 107* 4.600 x 107% 1529 x 107* 0.7206
1000 0.2772 1184 0.07868 2,398 x 10~* 4826 x 10-% 1.741 x 10* 0.7260
1500 0.1990 1234 0.09599 3.908 x 107* 5.817 x 107* 2922 x 107 0.7478
2000 0.1553 1264 0.11113 5.664 x 107* 6.630 x 107% 4.270 x 107* 0.7539

Note: For ideal gases, the properties ¢, k, u, and Pr are independent of pressure. The properties p, », and a at a pressure £ (in atm) other than I atm are
determined by multiplying the values of p at the given temperature by P and by dividing » and a by P.
Source: Data generated from the EES software developed by S. A Klein and F. L. Alvarado. Original sources: Keenan, Chao, Keyes, Gas Tables, Wiley, 198;
and Thermophysical Properties of Matter. Vol. 3: Thermal Conductivity, Y. S. Touloukian, P. E. Liley, S. C. Saxena, Vol. 11: Viscosity, Y. S. Touloukian, S. C.

Saxena, and P. Hestermans, IFI/Plenun, NY, 1970, ISBN 0-306067020-8.
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LAMPIRAN 5. Thermophysical Properties of Selected Metallic Solids
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LAMPIRAN 6. Properties of Carbon Steel
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LAMPIRAN 7. Physical Properties of Stainless Steel

thyssenkrupp Materials (UK) Ltd

Stainless Steel 1.4301 - 304

XCiX

thyssenkrupp

Material Data Sheet

Physical Properties

Property Value
Densty 8,000 Kglm!
Mening Port 1450 °C
Thermal Exgerson Tt
Moduka of Elsshetty 103 GPn
Thenel Conductivty 15.2 Wim X
Flecirical Resissty 0.072x 100 m
Editor
thyssankrupp Materials (UK) Lid
Con's Lune
Cradiay Heath
Weast Mdlands
B64 50U
Important Note

Irformation given in thes data sheet about the condition or usabilty of materisls respectvely products are na warranty far their peopertes, but act as

& description,

The mformation, we give on for advice, comply 1o the expenences of the manufacturer as well 38 our own. We cannot give wanranty for the resulte

of processing nd apphication of the products,
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LAMPIRAN 8. Physical Properties of Rockwool

PRODUCTS IN DETAIL

TOMBO BRAND

Slab shaped insulation made from rockwool
bonded with phenolic resin for use in heated

equipments, vessels, tanks, etc.
PHYSICAL PROPERTIES
Densty (kgim) 0| g a1 150 200 250
Thicknass (mm) 25, 40, 50, 75, 100 25,40, 50, 75| 25, 40, 50 2
Wiath x Langth (mm) $00 x 1,200
Service Temparature (C) | Upwo4307C | Up to 850 °C | Up 2 700°C
Thenmat Conductivity : Wim. Kikzalim.n."C)
100°C 0.048 (0.042) | 0.043 {0.037) | 0.042 §0.035){ 0.041 (0.035) | 0.041 {0,065} | 0,040 (0.054) [ 0.043 (0.057) | 0,043 (0.037)
200°C . 0,061 (0.052)| 0.057 {0.049)] 0.057 (0.048) | 0.085 (0.047) ] 0.053 (0.048)| 0.052 (0.025) | 0.054 (0.048)
300'C . 0.087 (0.075)] 0.077 0.065)] 0.073 [0.0534 | 0.071 (0.061)] 0.059 (0.058)] 0.062 (0.055) | 0.067 10.058)
@0°C = 0,723 10.108) | 0.099 {0.065)| 0,095 (0.082) [ 0,092 (0.079) | 0.088 (0.0763} 0.078 (0.067) | 0.080 (0.068)
Sourd Adsorticn Cogtficient {thickness = 50 mm)
125 Mz - 028 0.28 0.37 035 039
250 K - 0.55 0.73 0,62 0.67 061
500 Kz . 0.95 0.50 0.91 0:89 081
1000 Hz - 0.9 0.9 0.98 087 085
2000 Hz . ag? 055 085 .56 085
4000 Hz s 0,98 0.97 aar 085 091

® Ui cenubing ang sues dlsg ara avalabie oo request
® Equadaiant to ASTM C 812 Type IV, JIS A 9504
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