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Lampiran 1 Tabel 1 Properties Udara Pada Tekanan 1 atm

Specific Thermal Thermal Dynamic Kinematic Prandtl
Temp. Density Heat Conductivity Diffusivity Viscosity Viscosity Number
T.%¢ p, kg/m? ¢, kK K, Wim-K a, més u, kg/m's v, méls Pr
-150 2.866 983 0.01171 4.158 x 10~ 8636 x 10" 3.013x10°¢ 0.724%
-100 2.038 966 0.01582 8.036 x 10°® 1,189 x 10-% 5837 x10°* 0.7263
=50 1,582 999 0.01979 1,262 x 10~° 1474 x 107 9319 x 10°¢ 0.7440
-40 1514 1002 0.02057 1,356 x 10-* 1527 x 10 1.008 x 10-* 0.7436
=30 1,451 1004 0.02134 1,465 x 10~ 1579 x 10 1,087 x 10-° 0.7425
=20 1.394 1005 0.02211 1,578 x 10~* 1630 x107* 1,169 x 107 0.7408
-10 1.341 1006 0.02288 1,696 x 10~ 1680 x 107 1,252 x 10™* 0.7387
0 1.292 1006 0.02364 1.818 x 107* 1729 x 10 1.338x10°° 0.7362
5 1.269 1006 0,02401 1,880 x 107° 1754 x 10 1,382 x 107* 0.7350
10 1.246 1006 0.02439 1.944 x 107* 1778 x 107 1426 x 107* 0.7336
15 1.225 1007 0.02476 2.009 x 107 1802 x 10 1470x10°® 0.7323
20 1.204 1007 0.02514 2.074 x 1075 1825%x 10" 1.516x107® 0.7309
25 1.184 1007 0.02551 2.141 x 1075 1849x10°° 1562 x 1079 0.729
30 1.164 1007 0.02588 2.208 x 107% 1872 x 107° 1.608 x 1073 0.7282
35 1.145 1007 0.02625 2.277 x 1078 1895 x 10~ 1655 % 107® 0.7268
40 1.127 1007 0.02662 2.346 x 1079 1918x 10" 1.702x 107% 0.7255
45 1.109 1007 0.02699 2416 x 10-5 1941 x10-° 1.750 x 10-% 0.7241
50 1.092 1007 0.02735 2.487 x 10-° 1963 x 10-*  1.798 x 10-7 0.7228
60 1.059 1007 0.02808 2.632 x 10-5 2.008 x 10~  1.896 x 10-% 0.7202
70 1.028 1007 0.02881 2.780 x 10-% 2052 x 10"  1.995 x 10-% 0.7177
80 0.9994 1008 0.02953 2931 x 10-5 2096 x 1075 2,097 x 10-% 0.7154
90 09718 1008 0.03024 3.086 x 1075 2139x10°% 2201 x 10°% 0.7132
100 0.9458 1009 0.03095 3.243 x 10-° 2181 x 10"  2.306 x 10-% 0.7111
120 0.8977 1011 0.03235 3.565 x 10~° 2.264 x 10~ 2522 x 10-% 0.7073
140 0.8542 1013 0.03374 3.898 x 10-° 2345x10°% 2745 x 108 0.7041



Lampiran 2 Tabel 2 Properties Gas Pada Tekanan 1 atm

Specific Thermal Thermal Dynamic Kinematic Prandtl
Temp. Density Heat Conductivity Diffusivity Viscosity Viscosity Number
T,°C p, kg/im’ &, kK k, Wim-K a, méls p, kigm-s v, méfs Pr
Carbon Dioxide, CO,
-50 2.4035 746 0.01051 5.860 x 10-° 1.129 x 10-% 4,699 x 10-F 0.8019
] 1.9635 811 0.01456 9141 x 10-% 1.375 x 108 7.003 x 10-% 0.7661
50 16597 BG6.6 0.01858 1.291 x 10-% 1612 x 10-¢ 9714 x 10°% 0.7520
100 1.4373 914.8 0.02257 1.716 % 10-8 1.841 % 10°F 1.281 = 10-% 0.7464
150 1.2675 957.4 0.02652 2.186 » 105 2.063 x 1075 1.627 x 10-¢ 0.7445
200 1.1336 995.2 0.03044 2.698 x 105 2.276 x 1075 2.008 x 1075 0.7442
300 0.9358 1060 0.03814 3.847 x 10°® 2.682 x 105 2.866 x 109 0.7450
400 0,7968 1112 0.04565 5151 % 10-% 3.061 = 10-5 3,842 % 1075 0.7458
500 0.6937 1156 0.05293 6.600 = 10-° 3416 % 1075 4924 x 1075 0.7460
1000 04213 1292 0.08491 1.560 = 10-* 4,898 x 10-5 1.162 x 10-* 0.7455
1500 0.3025 1356 0.10688 2,606 x 10~ 6.106 x 10-° 2,019 x 1074 0.7745
2000 0,2359 1387 0.11522 3521 = 107 7.322 % 1075 3.103 x 107 0.8815
Nitrogen, N;
=50 1.5299 957.3 0.02001 1.366 % 10-F 1.390 x 1075 9091 x 10-F 0.6655
] 1.2498 1035 0.02384 1.843 % 10-F 1.640 x 1075 1.312 % 10-F 0.7121
50 1.0564 1042 0.02746 2494 % 10-° 1.874 x 10°% 1.774 % 10-F 07114
100 0.9149 1041 0.03090 3.244 % 10-% 2094 x 1075 2.289 % 10° 0.7056
160 0.8068 1043 0.03416 4058 ¥ 10-% 2.300 % 10-° 2851 ¥ 10°% 0.7025
200 07215 1050 0.03727 4921 x 109 2494 % 1075 3457 % 10 0.7025
300 0.5956 1070 0.04309 £.758 x 10-9 2849 x 10-° 4.783 x 10-° 0.7078
400 0.5072 1095 0.04848 B727 %1078 3.166 x 10-° 6.242 % 10-5 0.7153
500 04416 1120 0.05358 1.083 » 10~ 3451 x 10 7.816 x 10— 0.7215
1000 0.2681 1213 0.07938 2440 x 107 4,594 x 1075 1.713 x 10~ 0.7022
1500 0.1925 1266 0.11793 4.839 x 10~ 5.h62 x 10°F 2.889 x 10~ 0.5969
2000 0.1502 1297 0.18590 9,543 % 10~¢ 6,426 % 10°° 4,278 % 10~ 0.4483
Water Vapor, H,0
=50 0,9839 1892 0,01353 7271 % 1074 7,187 x 107t 7,305 x 107 1.0047
0 0.8038 1874 0,01673 1110 x 107 8.956 x 107t 1,114 = 10~ 1.0033
50 0.6794 1874 0,02032 1,596 x 107 1,078 x 10-® 1,587 = 10~ 0.9944
100 0,5884 1887 0,02429 2,187 % 107 1.265 x 1078 2.150 % 10~* 0.9830
150 0.5189 1908 0,02861 2,890 x 107 1.456 x 10°° 2806 x 10~ 09712
200 04640 1935 003326 3,705 % 107 1,660 « 1078 3.566 x 107 0.9599
300 0.3831 1997 0.04345 5680 x 107 2045 x 107° 5340 x 107 0.9401
400 03262 2066 0.05467 8114 x 107" 2446 x 107° 7.498 x 107* 0.9240
500 02840 2137 0.06677 1,100 x 107 2847 % 107 1.002 « 107 0.9108
1000 0.1725 2471 0.13623 3,196 x 107 4,762 % 107° 276l x 107 0.8639
1500 0.1238 2736 0.21301 6,288 x 10 6411 % 10°° 5177 x 10 0.8233
2000 0.0966 2928 029183 1032 % 101 7.808 x 107 B.0B4 x 107 0.7833




Lampiran 3 Tabel 3 Lower and Higher Heating Values of Gas, Liquid and
Solid Fuels

Fuels Lower Heating Value {LHV) [1] Higher Heating Value (HHV] [1] Density
Gaseous Fuels [@ 32 F and 1 atm Biuift [2] Biullb [3]  MJikg [4] Biufit3 [2] Btulb[3] Mlkg[4] gramsiftd
Matural gas 883 20,267 4714 1088 22,453 52.235 220
Hydrogen 280 51,882 12041 343 61,127 14218 255
Sl gas (in refineries) 1458 20,163 403.888 1,584 21,805 50.851 328
Liquid Fuels Btufgal [2] Btuflb [3] Mikg [4] Btuigal [2] Btub[3] MJkg[4] grams/gal
Crude oil 128,670 18,352 42634 138,350 18,580 45.543 3,205
Conventional gasaline 116,080 18,678 43448 124,340 20,007 46.538 2818
Reformulated or low-sulfur gascline 113,602 1821 42358 121,548 18,533 45.433 2,830
CA reformulated gascline 113,827 18272 42 500 122,174 18,585 45.577 2828
11.5. conventional diesal 128,450 18,387 427 137,380 18,678 45.788 3187
Low-sulfur diesel 129,438 18320 42812 138,480 18,584 45.575 3,208
Petroleum naphtha 118,820 18,320 44038 125,080 20,588 48.075 2,745
MG-based FT naphths 111,520 18,081 44333 118,740 20,488 47.654 2,851
Residual cil 140,353 16,868 30.468 150,110 18,147 42.210 3,752
hethanal 57250 8638 20054 65,200 8,832 22.584 3,008
Ethanal 76,330 11,587 20.852 84,530 12,832 28.547 2,082
Butanal Be.837 14775 34.368 108,458 18,051 37.334 3,085
Acetone 83127 12721 28.5238 29,511 13,888 31.882 2,064
E-Diesel Additives 118,080 18,878 43445 124,340 20,007 48.535 2818

Liguefied pefroleum gas (LPG) &4, 050 20,028 46 607 81,410 21,581 §0.152 1.623
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Lampiran 4 Diagram 1 Efektivitas-NTU Heat Exchanger Cross Flow One
Fluid Mix
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Number of transfer units, NTU ., = AU/C,,



Lampiran 5 Kartu Revisi Ujian Tugas Akhir




