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v v
ms1ei .1 Jeyamsiaguugiilumsaiugugungiwidg 10 A5 N0 10 wIA

1nal SUMUTIUNATOIHIA MDY
W) | ASIN1 | asen2 | ATaN3 | AN 4 | Asans | asene | AT 7 | AsaNg | Asen9 | mae
0 110.87 129.87 61.86 235.87 112.27 199.40 274.88 231.44 181.86 170.92

10 113.53 131.45 65.18 237.45 114.93 | 203.80 | 291.51 | 231.37 | 185.18 | 174.93

20 115.82 134.13 69.40 240.13 117.22 | 206.54 | 300.74 | 231.19 189.40 | 178.29

30 119.65 136.59 73.74 242,59 | 121.05 | 208.84 | 29691 | 230.71 193.74 | 180.43

40 124.64 139.14 77.95 245.14 126.04 | 210.45 | 30632 | 229.75 197.95 184.15

50 129.41 140.88 80.45 246.88 130.81 | 211.60 | 324.48 | 22896 | 200.45 | 188.21

60 132.39 | 142.46 82.60 24846 | 133.79 | 212.42 | 387.25 | 22791 | 202.60 | 196.65

70 136.60 143.71 86.46 249.71 138.00 | 212.72 | 408.97 | 22698 | 206.46 | 201.07

80 141.04 | 144.36 89.86 250.36 | 142.44 | 211.84 | 401.85 | 225.94 | 209.86 | 201.95

90 146.06 144.81 92.47 250.81 14746 | 21092 | 383.40 | 22433 | 21247 | 201.41

100 149.85 145.10 95.24 251.10 | 151.25 | 209.65 | 368.00 | 222.78 | 21524 | 200.91

110 152.27 | 144.90 99.06 250.90 | 153.67 | 208.83 | 359.16 | 221.37 | 219.06 | 201.02

120 157.29 144.71 102.31 250.71 158.69 | 211.99 | 353.12 | 220.00 | 222.31 202.35

130 162.78 | 14249 | 104.27 | 24849 | 164.18 | 209.14 | 347.88 | 218.67 | 224.27 | 202.46

140 168.79 146.35 107.18 | 252.35 170.19 | 200.03 | 343.98 | 217.28 | 227.18 | 203.70

150 169.02 145.58 109.93 | 251.58 170.42 | 203.04 | 340.98 | 215.84 | 22993 | 204.03

160 163.52 | 168.28 | 113.02 | 274.28 164.92 | 253.09 | 337.96 | 214.44 | 233.02 | 213.61

170 139.68 171.06 | 114.15 | 286.85 182.41 | 273.58 | 335.15 | 212.99 | 23501 | 216.76

180 139.87 | 171.06 | 114.10 | 328.50 | 232.64 | 302.18 | 33439 | 211.53 | 238.47 | 230.30

190 141.22 | 18292 | 123.16 | 401.74 | 278.18 | 317.14 | 33132 | 205.87 | 240.99 | 246.95

200 149.53 181.58 | 129.46 | 472.77 | 352.42 | 357.66 | 330.62 | 207.93 | 243.59 | 269.51

210 171.45 178.99 | 133.26 | 485.26 | 408.48 | 398.65 | 328.55 | 297.68 | 246.47 | 294.31

220 274.96 174.09 155.09 | 523.20 | 42738 | 41249 | 324.54 | 388.53 | 248.87 | 325.46

230 379.84 | 160.35 165.16 | 543.93 | 440.18 | 404.51 31842 | 415.61 | 251.88 | 342.21

240 369.78 164.40 | 194.81 572.87 | 457.57 | 447.79 | 312.46 | 437.02 | 24792 | 356.07

250 361.37 | 187.78 | 196.73 | 619.67 | 483.10 | 478.45 | 307.29 | 453.18 | 244.47 | 370.23

260 351.14 | 372.16 | 210.84 | 639.00 | 503.91 | 480.52 | 307.37 | 439.23 | 241.05 | 393.91

270 380.38 | 367.22 | 230.82 | 664.10 | 507.07 | 520.79 | 316.50 | 473.49 | 250.68 | 412.34




M3199 n.1 (Av)

147

SUMUTUNATOIHIA DU

nan
(W) adafi1 | nsafia | adalis | adafia | adeits | aaiie | afeit7 | adeits | adaiio | mde
280 450.39 349.97 235.10 671.95 520.58 585.11 350.88 486.14 255.18 433.92
290 472.61 331.11 272.56 693.22 523.86 669.57 503.81 491.81 257.03 468.40
300 489.34 342.04 287.69 694.25 553.94 669.45 528.32 570.21 257.69 488.10
310 490.51 354.29 369.80 688.17 585.34 683.76 538.62 577.46 245.09 503.67
320 468.22 371.79 42411 714.06 608.90 709.26 537.70 591.90 260.32 520.70
330 450.42 356.92 411.37 707.91 622.83 724.82 557.59 644.60 417.53 543.78
340 431.97 397.75 498.93 742.81 656.58 698.85 557.25 712.59 458.81 572.84
350 447.02 440.92 600.06 764.88 678.98 722.93 648.57 718.52 471.70 610.40
360 473.45 445 .44 594.80 766.02 718.54 710.73 668.07 720.41 505.78 622.58
370 457.50 468.66 618.22 788.82 726.68 722.94 659.58 756.30 509.54 634.25
380 472.52 503.24 609.34 793.13 726.01 763.30 673.94 738.39 531.56 645.71
390 503.34 522.36 619.78 806.88 746.40 769.01 727.27 750.88 549.00 666.10
400 532.13 542.48 616.71 819.74 761.88 793.57 705.74 784.97 572.43 681.07
410 554.34 522.95 617.10 822.29 771.57 776.80 719.33 804.23 645.15 692.64
420 578.96 645.10 625.02 804.75 778.51 784.13 752.10 791.99 628.11 709.85
430 580.75 647.83 658.76 824.67 784.53 797.61 772.41 832.07 658.23 728.54
440 574.88 616.88 681.17 816.21 784.79 801.32 776.71 827.09 651.56 725.62
450 617.38 652.01 665.69 838.68 800.63 818.76 799.42 831.20 692.97 746.30
460 636.50 627.92 656.81 852.97 825.21 835.60 785.36 862.37 716.28 755.45
470 619.84 712.84 633.92 851.68 810.07 831.29 820.16 829.92 748.76 762.05
480 670.30 704.13 673.01 877.41 816.49 818.16 811.93 865.01 746.08 775.83
490 698.99 672.58 671.54 877.67 817.54 836.59 820.98 840.99 774.40 779.03
500 727.62 659.81 708.52 892.73 811.68 841.16 857.17 817.83 765.50 786.89
510 726.79 639.58 718.81 876.49 840.09 858.70 842.86 833.61 773.78 790.08
520 748.11 732.75 735.89 890.07 837.78 872.57 848.85 872.01 761.20 811.03
530 745.60 763.01 733.39 899.27 860.33 881.43 859.44 903.90 767.78 823.79
540 769.22 806.91 736.41 902.05 860.69 898.93 861.04 931.04 788.45 839.42
550 790.20 837.83 750.65 915.80 860.55 925.00 892.17 866.42 787.53 847.35
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SUMUTUNATOIHIA DU

nan

(W) adafi1 | nsafia | adalis | adafia | adeits | aaiie | afeit7 | adeits | adaiio | mde
560 798.98 799.33 751.45 894.53 843.23 899.53 863.90 869.76 804.44 836.13
570 798.78 771.61 753.31 866.41 852.50 871.06 891.70 916.43 806.89 836.52
580 785.84 811.73 761.73 888.65 866.19 915.37 896.23 907.67 821.70 850.57
590 811.91 858.40 768.14 902.01 860.15 912.98 863.19 885.11 834.84 855.19
600 837.70 834.74 770.34 906.43 881.59 925.26 892.13 951.38 816.30 868.43
610 846.65 852.31 790.37 899.28 867.20 920.03 863.16 949.39 833.20 869.07
620 838.89 885.62 787.55 904.58 885.90 925.57 842.86 894.61 833.70 866.59
630 855.11 860.66 793.36 931.23 897.13 914.24 861.13 893.42 842.11 872.04
640 868.81 868.28 800.87 956.07 873.79 937.54 890.74 904.29 840.80 882.35
650 871.72 900.07 815.80 962.89 887.53 924.12 899.82 961.75 823.41 894.79
660 878.39 901.00 820.40 966.11 880.79 939.55 917.13 942.79 851.31 899.72
670 883.14 900.91 822.23 969.70 917.61 941.90 901.64 909.38 903.03 905.50
680 882.10 915.39 823.95 974.13 905.13 952.74 907.72 932.12 915.76 912.11
690 909.54 892.80 822.86 961.09 920.08 939.67 920.43 973.60 908.22 916.48
700 901.18 917.50 817.44 989.88 928.82 950.72 926.41 916.29 952.59 922.31
710 913.92 912.02 814.54 969.05 925.58 960.07 898.84 957.66 894.14 916.20
720 915.51 905.59 804.34 929.05 902.72 930.02 918.86 999.86 937.29 915.92
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Y
v A

AN 1

1o qmwgﬁ (mmwm%a)

u 1ﬁ) P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
0 137.63 | 140.30 | 135.40 | 114.66 | 100.22 | 112.84 | 50.13 46.93 41.77 154.54
10 183.14 | 159.33 | 211.75 | 140.57 | 111.23 | 136.68 | 52.79 47.54 46.16 219.49
20 29422 | 255.80 | 308.49 | 201.44 | 138.63 | 204.12 | 55.44 52.93 65.52 381.37
30 304.59 | 282.73 | 300.49 | 231.10 | 174.60 | 231.30 | 56.55 58.74 70.25 383.13
40 313.26 | 299.32 | 309.87 | 254.40 | 201.22 | 245.76 | 59.12 67.60 77.36 366.66
50 301.96 | 296.76 | 296.50 | 257.63 | 209.05 | 254.28 | 61.76 79.45 82.44 345.25
60 286.14 | 288.51 | 281.44 | 253.63 | 208.44 | 256.26 | 64.56 82.78 83.43 322.48
70 272.40 | 281.43 | 269.22 | 245.13 | 212.05 | 255.48 | 66.47 85.45 85.07 305.12
80 32349 | 314.15 | 316.54 | 276.08 | 238.16 | 272.12 | 70.10 95.54 91.64 353.75
90 30491 | 309.90 | 301.74 | 271.68 | 235.11 | 278.95 | 72.44 99.19 95.58 349.12

100 296.14 | 305.24 | 296.48 | 266.58 | 234.35 | 280.20 | 72.83 100.67 | 97.22 330.41
110 343.48 | 344.13 | 364.03 | 298.20 | 256.62 | 304.80 | 78.69 109.47 | 103.63 | 412.44
120 336.07 | 345.78 | 342.52 | 299.02 | 260.55 | 310.98 | 81.07 113.51 | 110.09 | 390.17
130 361.15 | 360.09 | 380.50 | 309.92 | 272.80 | 316.76 | 83.09 116.46 | 111.58 | 391.45
140 35438 | 360.39 | 336.99 | 312.02 | 27891 | 320.73 | 84.18 118.35 | 11495 | 382.69
150 358.93 | 367.89 | 344.25 | 318.29 | 281.59 | 327.18 | 86.43 119.65 | 113.39 | 399.67
160 370.58 | 378.80 | 361.71 | 327.02 | 290.10 | 336.76 | 90.78 118.80 | 103.95 | 426.36
170 391.45 | 395.11 | 384.17 | 339.33 | 302.22 | 353.30 | 98.24 123.62 | 103.39 | 457.82
180 420.87 | 424.05 | 411.87 | 362.97 | 315.04 | 374.38 | 100.78 | 128.57 | 108.09 | 512.49
190 441.76 | 441.12 | 44536 | 374.40 | 326.92 | 396.08 | 101.34 | 135.12 | 115.83 | 527.44
200 466.78 | 460.09 | 470.24 | 391.47 | 340.60 | 416.45 | 104.97 | 140.28 | 118.45 | 554.04
210 459.56 | 463.61 | 438.75 | 402.46 | 348.53 | 426.57 | 113.39 | 144.70 | 120.43 | 530.87
220 513.10 | 503.74 | 532.64 | 430.73 | 357.47 | 463.01 | 122.23 | 148.23 | 127.56 | 657.80
230 520.49 | 51597 | 485.40 | 446.29 | 368.94 | 484.15 | 137.35 | 158.90 | 141.77 | 566.06
240 529.08 | 526.09 | 514.25 | 452.14 | 376.22 | 499.27 | 135.06 | 163.64 | 145.83 | 602.34
250 526.41 | 539.10 | 517.65 | 462.25 | 398.97 | 505.10 | 147.51 | 169.56 | 154.15 | 625.21
260 536.99 | 548.22 | 529.58 | 468.84 | 408.87 | 519.67 | 160.13 | 177.61 | 163.91 661.21
270 532.85 | 551.18 | 497.98 | 477.71 | 422.54 | 517.09 | 177.04 | 182.95 | 164.65 | 616.82
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1o qmwgﬁ (mmmjm%ﬁ)

u 1ﬁ) P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
280 553.83 | 565.98 | 538.88 | 493.69 | 446.00 | 529.60 | 194.86 | 193.90 | 176.44 | 663.94
290 561.39 | 576.11 | 553.11 | 503.72 | 447.00 | 540.13 | 205.18 | 204.48 | 186.18 | 647.19
300 605.19 | 600.69 | 565.22 | 524.47 | 457.98 | 558.61 | 22391 | 213.40 | 196.04 | 686.61
310 609.17 | 616.71 | 680.80 | 538.63 | 498.66 | 572.22 | 240.60 | 226.01 | 207.22 | 693.82
320 620.69 | 625.70 | 625.99 | 547.35 | 502.47 | 589.33 | 254.71 | 236.94 | 216.35 | 715.28
330 618.75 | 636.78 | 615.90 | 553.77 | 512.61 | 592.99 | 257.29 | 241.82 | 235.01 718.97
340 63535 | 650.36 | 598.61 | 565.36 | 512.77 | 604.35 | 27540 | 251.73 | 25449 | 718.26
350 651.73 | 666.20 | 641.84 | 578.09 | 516.52 | 627.54 | 295.55 | 263.40 | 253.70 | 758.10
360 67092 | 680.74 | 639.85 | 593.01 | 520.49 | 638.35 | 313.93 | 280.62 | 268.59 | 761.22
370 684.07 | 695.59 | 656.47 | 601.62 | 529.93 | 654.64 | 324.53 | 289.63 | 272.72 | 779.08
380 716.12 | 720.61 | 669.54 | 623.59 | 535.27 | 673.36 | 338.76 | 298.81 | 284.98 | 802.54
390 68531 | 710.57 | 647.66 | 61593 | 544.86 | 672.49 | 344.79 | 313.38 | 310.75 | 760.77
400 723.15 | 737.00 | 680.46 | 634.19 | 557.24 | 696.21 | 356.81 | 322.86 | 315.55 824.53
410 731.68 | 760.09 | 722.77 | 646.61 | 565.94 | 724.16 | 375.95 | 331.65 | 315.82 | 863.86
420 756.78 | 799.66 | 733.91 | 664.01 | 579.87 | 745.36 | 387.52 | 343.99 | 351.34 | 875.12
430 806.61 | 839.02 | 737.54 | 694.79 | 600.75 | 762.21 | 369.65 | 349.83 | 387.22 | 890.18
440 789.78 | 826.74 | 729.70 | 704.22 | 614.03 | 772.57 | 330.81 | 345.79 | 401.17 | 879.20
450 802.28 | 833.96 | 743.19 | 711.42 | 620.06 | 782.53 | 350.16 | 346.47 | 417.05 898.15
460 819.54 | 843.05 | 742.19 | 727.18 | 632.15 | 794.88 | 385.36 | 357.45 | 428.99 | 902.69
470 827.69 | 860.43 | 770.29 | 738.82 | 652.49 | 815.53 | 380.41 | 354.99 | 392.72 | 943.06
480 828.85 | 868.56 | 765.18 | 746.14 | 667.17 | 827.60 | 379.28 | 368.90 | 432.77 | 929.47
490 838.58 | 882.35 | 798.94 | 754.92 | 694.57 | 851.77 | 385.03 | 370.29 | 433.62 | 978.71
500 861.56 | 896.09 | 796.77 | 768.28 | 705.10 | 862.95 | 410.51 | 376.75 | 439.33 | 985.38
510 864.65 | 904.52 | 796.94 | 775.92 | 729.25 | 866.95 | 423.09 | 392.39 | 453.15 | 967.08
520 864.49 | 908.54 | 799.69 | 782.80 | 725.47 | 872.29 | 457.09 | 410.51 | 502.76 | 965.19
530 878.05 | 915.83 | 821.64 | 793.37 | 721.47 | 898.08 | 482.69 | 427.93 | 531.78 | 997.14
540 881.37 | 921.86 | 836.23 | 801.30 | 762.77 | 893.81 | 494.30 | 435.51 | 487.69 | 986.33
550 889.20 | 929.32 | 853.98 | 811.36 | 748.45 | 914.48 | 543.85 | 469.03 | 627.60 | 1005.18
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nan QUUN (PIFITAITYE)

(U 1ﬁ) P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
560 898.65 | 939.17 | 850.59 | 820.30 | 758.86 | 912.93 | 530.19 | 475.12 | 542.00 | 1000.27
570 900.78 | 942.96 | 819.75 | 824.39 | 763.26 | 914.33 | 532.13 | 469.31 | 494.30 | 1000.43
580 899.62 | 941.87 | 822.46 | 827.36 | 766.45 | 923.17 | 541.95 | 481.57 | 516.82 | 1001.39
590 916.54 | 956.43 | 826.87 | 839.85 | 770.71 | 921.88 | 534.66 | 468.22 | 497.67 | 1010.64
600 920.81 | 957.74 | 85593 | 849.33 | 777.34 | 953.02 | 580.49 | 491.35 | 517.18 | 1049.38
610 921.26 | 963.26 | 855.88 | 852.78 | 785.63 | 968.60 | 606.69 | 519.47 | 599.35 | 1066.10
620 927.82 | 973.05 | 856.53 | 863.01 | 866.98 | 962.40 | 610.18 | 525.95 | 554.54 | 1041.67
630 930.27 | 973.23 | 976.49 | 865.77 | 839.68 | 962.45 | 620.23 | 541.83 | 577.18 | 1040.36
640 925.71 | 969.00 | 860.55 | 867.11 | 834.88 | 965.28 | 611.75 | 541.70 | 562.60 | 1043.89
650 930.03 | 971.37 | 860.08 | 872.05 | 837.02 | 963.73 | 622.06 | 551.67 | 570.52 | 1038.26
660 913.41 | 957.58 | 824.30 | 862.68 | 839.15 | 939.96 | 605.86 | 535.90 | 541.00 973.35
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39N 2

nal QNN (PIFITAITH)

(‘Lﬂﬁ) P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
0 176.35 167.33 160.27 152.29 | 143.22 | 142.30 | 62.07 67.91 68.19 191.36
10 329.45 360.86 | 374.01 211.71 | 236.22 | 199.05 | 65.87 77.14 79.50 404.81
20 439.13 380.00 | 464.16 | 285.31 | 346.63 | 291.95 | 73.62 | 133.34 | 99.48 630.40
30 413.03 390.00 | 420.80 | 324.70 | 347.92 | 33840 | 79.62 137.42 | 108.33 | 512.58
40 397.79 | 380.54 | 402.13 340.00 | 338.90 | 350.01 86.70 | 139.78 | 133.15 | 462.64
50 417.07 | 399.26 | 425.95 357.61 | 356.50 | 363.82 | 91.64 141.70 | 139.38 | 487.50
60 411.84 | 385.02 | 404.14 | 358.66 | 348.47 | 368.55 | 94.56 | 144.28 | 168.26 | 460.25
70 426.69 | 401.59 | 422.10 | 372.51 | 363.89 | 378.58 | 99.47 15592 | 171.49 | 480.35
80 429.12 | 411.60 | 438.35 377.59 | 376.13 | 388.04 | 101.65 | 157.36 | 174.41 | 496.04
90 418.42 | 393.80 | 407.04 | 374.73 | 365.69 | 393.34 | 102.67 | 159.23 | 176.86 | 464.53

100 462.03 416.76 | 443.81 395.25 | 384.35 | 399.14 | 103.35 | 161.18 | 204.14 | 495.48
110 461.25 | 423.53 | 450.27 | 405.61 | 394.79 | 412.19 | 109.51 | 172.99 | 214.24 | 516.20
120 47532 | 439.15 | 462.02 | 387.59 | 405.50 | 423.35 | 112.74 | 175.21 | 227.19 | 533.58
130 476.24 | 434.26 | 454.52 | 391.81 | 403.23 | 432.56 | 116.60 | 188.38 | 230.76 | 524.77
140 477.87 | 443.49 | 465.09 | 397.03 | 417.11 | 443.03 | 120.66 | 192.16 | 224.57 | 531.77
150 494.12 457.06 | 485.89 409.41 | 425.80 | 456.07 | 128.85 | 194.64 | 220.64 | 550.44
160 520.99 | 487.05 525.56 | 42843 | 450.84 | 474.17 | 135.25 | 199.09 | 25798 | 608.34
170 530.29 | 496.66 | 528.09 | 437.69 | 465.53 | 488.03 | 140.34 | 202.36 | 264.92 | 605.27
180 538.64 | 503.95 529.10 | 449.10 | 474.88 | 500.18 | 145.27 | 207.17 | 263.07 | 609.86
190 566.39 | 527.68 548.86 | 472.84 | 49448 | 514.69 | 160.16 | 211.07 | 270.21 635.01
200 559.23 517.80 | 581.21 453.60 | 492.55 | 517.58 | 163.62 | 217.28 | 300.96 | 612.76
210 565.19 | 523.23 604.36 | 454.01 | 499.82 | 524.02 | 168.65 | 221.61 | 299.94 | 628.44
220 602.36 | 545.32 | 621.47 | 478.00 | 506.47 | 533.81 | 175.06 | 225.65 | 304.71 650.34
230 624.13 578.85 | 655.51 497.68 | 534.03 | 554.92 | 187.35 | 230.62 | 323.73 | 704.35
240 620.11 570.27 | 636.26 | 501.86 | 543.25 | 563.45 | 196.48 | 236.98 | 323.09 | 678.79
250 666.08 568.66 | 642.45 511.97 | 547.56 | 573.38 | 213.47 | 241.84 | 322.39 | 689.28
260 666.63 586.29 | 710.20 | 510.36 | 562.76 | 579.48 | 216.58 | 250.27 | 350.90 | 700.17
270 702.35 604.63 687.99 | 526.02 | 579.64 | 600.41 | 229.72 | 256.05 | 352.18 | 725.01




M3199 1.3 (A0)
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nal QNN (PIFITAITH)

(‘Lﬂﬁ) P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
280 711.81 61090 | 681.53 537.14 | 589.50 | 613.06 | 236.82 | 263.56 | 354.73 | 728.83
290 73436 | 639.45 713.35 555.85 | 639.27 | 640.26 | 255.11 | 292.69 | 376.50 | 794.99
300 766.34 | 676.40 | 795.01 579.09 | 672.30 | 667.78 | 271.04 | 284.35 | 395.73 | 836.65
310 771.54 | 656.01 834.56 | 573.56 | 658.66 | 674.57 | 273.99 | 295.90 | 383.58 | 800.02
320 788.84 | 683.16 | 918.47 | 583.73 | 682.05 | 692.81 | 281.55 | 303.23 | 409.34 | 860.85
330 806.39 | 697.53 818.06 | 600.15 | 698.21 | 713.46 | 291.73 | 312.78 | 420.50 | 873.14
340 796.39 | 681.37 | 787.49 | 600.38 | 687.35 | 718.22 | 300.21 | 319.98 | 435.84 | 814.70
350 821.87 | 751.65 830.67 | 618.41 | 714.26 | 740.72 | 311.90 | 329.51 | 447.89 | 880.67
360 843.20 | 772.73 841.95 632.43 | 728.43 | 753.92 | 322.70 | 339.32 | 465.29 | 892.08
370 859.76 | 785.89 | 859.66 | 651.31 | 744.21 | 776.71 | 339.89 | 352.59 | 483.99 | 915.49
380 864.22 | 794.10 | 895.14 | 656.53 | 756.63 | 786.27 | 350.31 | 367.90 | 494.78 | 918.63
390 871.35 796.49 | 864.39 | 662.93 | 752.72 | 788.36 | 357.86 | 379.44 | 482.91 914.30
400 955.39 | 818.35 | 934.51 681.72 | 776.80 | 810.11 | 371.69 | 414.18 | 489.98 | 958.30
410 962.69 | 825.90 | 938.88 | 694.38 | 790.05 | 833.46 | 391.10 | 42591 | 541.64 | 957.69
420 970.87 | 833.19 | 941.15 703.03 | 795.92 | 840.17 | 402.23 | 438.65 | 543.34 | 971.89
430 990.69 | 887.34 | 968.65 722.62 | 824.65 | 867.29 | 421.92 | 456.56 | 548.10 | 990.74
440 999.58 887.34 | 973.11 732.40 | 834.24 | 886.35 | 441.67 | 472.48 | 580.24 | 1027.01
450 997.75 865.52 | 957.60 | 733.74 | 828.45 | 890.68 | 450.65 | 472.65 | 600.90 | 985.85
460 980.96 | 841.26 | 941.31 724.12 | 811.83 | 878.95 | 449.85 | 536.69 | 615.39 | 934.62
470 1010.52 | 897.19 | 980.70 | 743.82 | 834.94 | 888.47 | 462.49 | 549.06 | 622.03 | 994.44
480 1024.39 | 908.78 | 1111.16 | 757.26 | 840.77 | 897.05 | 477.34 | 542.25 | 621.28 | 1001.66
490 1058.91 | 928.40 | 987.59 | 771.25 | 859.80 | 914.35 | 493.18 | 575.02 | 666.45 | 1027.70
500 1061.65 | 930.22 | 1011.61 | 766.58 | 862.96 | 922.46 | 502.23 | 579.53 | 642.93 | 1035.05
510 1069.90 | 931.53 | 1016.11 | 774.03 | 850.87 | 920.26 | 506.07 | 570.30 | 626.05 | 998.60
520 1070.54 | 948.11 | 1023.73 | 777.29 | 881.16 | 933.24 | 521.92 | 580.83 | 648.46 | 1053.46
530 1086.92 | 960.61 | 1030.21 | 790.19 | 885.98 | 944.32 | 530.15 | 593.07 | 648.53 | 1042.58
540 1087.66 | 955.59 | 1027.42 | 797.20 | 871.93 | 951.60 | 546.53 | 614.83 | 693.22 | 1047.19
550 1093.31 | 957.33 | 1027.64 | 801.16 | 876.25 | 954.68 | 554.41 | 621.15 | 682.47 | 1040.30




M3199 1.3 (A0)
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nal QNN (PIFITAITH)

(‘Lﬂﬁ) P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
560 1081.55 | 944.48 996.56 | 797.51 | 824.03 | 954.65 | 559.19 | 627.27 | 687.80 | 1029.38
570 1069.64 | 927.61 974.04 | 790.40 | 821.72 | 947.27 | 555.08 | 626.22 | 686.31 998.36
580 1055.21 | 909.07 | 950.48 | 780.18 | 804.31 | 931.32 | 546.60 | 618.68 | 674.66 | 960.10
590 1036.10 | 883.68 920.82 | 766.27 | 785.47 | 910.14 | 532.59 | 608.54 | 649.20 | 918.07
600 1019.76 | 863.22 899.60 | 752.64 | 763.36 | 888.90 | 520.68 | 598.93 | 634.75 | 887.50
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M N4 ToyansMuILTIHIAVUDIUNYRINMUNLNAI MR VU A3 LAz

a199a31m73 lave101nIA 200 keg/hr NgHRIHT 800, 900, 1,000 °C

nan 800°C 900°C 1000°C
) | vu naNg a1 YU naNg a4 YU naNg a1
0 345.52 | 319.48 | 197.12 | 345.52 | 319.48 | 197.12 | 345.52 319.48 197.12
31 345.52 | 319.48 | 197.12 | 345.52 | 319.48 | 197.12 | 345.52 319.48 197.12
62 37448 | 342.17 | 213.55 | 374.48 | 342.17 | 213.55 | 374.48 342.17 | 213.55
93 397.80 | 364.98 | 230.47 | 397.80 | 364.98 | 230.47 | 397.80 | 364.98 230.47
124 427.20 | 393.18 | 249.86 | 427.20 | 393.18 | 249.86 | 427.20 | 393.18 249.86
155 461.33 | 425.50 | 271.15 | 461.33 | 425.50 | 271.15 | 461.33 425.50 | 271.15
186 499.02 | 460.95 | 293.88 | 499.02 | 460.95 | 293.88 | 499.02 | 460.95 293.88
217 539.11 | 498.51 | 317.59 | 539.11 | 498.51 | 317.59 | 539.11 498.51 317.59
248 | 580.44 | 537.16 | 341.83 | 580.44 | 537.16 | 341.83 | 580.44 | 537.16 | 341.83
279 | 622.60 | 576.56 | 366.43 | 622.60 | 576.56 | 366.43 | 622.60 | 576.56 | 366.43
310 | 659.44 | 611.28 | 389.07 | 663.28 | 614.66 | 390.53 | 663.28 | 614.66 | 390.53
341 | 671.65 | 624.33 | 402.41 | 702.43 | 651.44 | 414.10 | 702.43 | 651.44 | 414.10
372 | 67527 | 629.89 | 412.28 | 737.74 | 684.86 | 436.30 | 737.74 | 684.86 | 436.30
403 | 678.63 | 635.17 | 421.73 | 756.88 | 704.07 | 452.49 | 769.15 | 714.87 | 457.08
434 | 681.87 | 640.24 | 430.81 | 760.71 | 709.84 | 462.82 | 794.73 | 739.78 | 475.71
466 685.00 | 645.11 | 439.53 | 764.17 | 71529 | 472.72 | 814.05 759.17 | 491.97
497 688.02 | 649.80 | 447.93 | 767.51 | 720.53 | 482.24 | 84548 789.26 | 512.70
528 690.94 | 654.31 | 456.02 | 770.75 | 725.59 | 491.42 | 849.50 | 795.08 523.08
559 693.77 | 658.66 | 463.81 | 773.88 | 730.47 | 500.28 | 852.95 800.49 | 533.02
590 696.51 | 662.85 | 471.34 | 776.92 | 735.17 | 508.83 | 856.28 805.71 542.62
621 699.16 | 666.88 | 478.60 | 779.87 | 739.72 | 517.09 | 859.52 810.77 | 551.90
652 701.72 | 670.78 | 485.62 | 782.72 | 744.11 | 525.07 | 862.67 815.65 560.88
683 70421 | 674.53 | 492.41 | 785.50 | 748.35 | 532.80 | 865.72 820.38 569.56
714 706.62 | 678.16 | 498.97 | 788.19 | 752.45 | 540.28 | 868.69 82496 | 577.98
745 708.95 | 681.66 | 505.33 | 790.80 | 756.42 | 547.52 | 871.58 829.39 | 586.13




M9 N4 (AD)
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nal 800°C 900°C 1000°C

W) | uu naNg A YU nANg a4 YU 6N A
776 711.22 | 685.05 | 511.48 | 793.34 | 760.26 | 554.54 | 874.39 833.69 | 594.04
807 713.41 | 688.32 | 517.45 | 795.81 | 763.98 | 561.35 | 877.12 837.85 601.71
838 715.54 | 691.48 | 523.23 | 798.21 | 767.58 | 567.96 | 879.78 841.89 | 609.16
869 717.61 | 694.54 | 528.84 | 800.54 | 771.07 | 574.37 | 882.36 845.81 616.39
900 719.62 | 697.50 | 534.28 | 802.80 | 774.45 | 580.60 | 884.88 849.61 623.42
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]
ad o ]

M3 NS %’ayjamiﬁmam@aﬁammmaqqmmwmuwmﬂmuméfm VU NN UGS

U

A10ATINS IMave901NA 400 kg/hr NQval 800, 900, 1,000 °C

Al 800°C 900°C 1000°C

(Lﬂﬁ) YU NAN aNn Uu NAN aNn U NAN aNn

0 389.19 | 372.67 | 291.06 | 389.19 | 372.67 | 291.06 | 390.07 | 372.45 | 291.10

31 389.19 | 372.67 | 291.06 | 389.19 | 372.67 | 291.06 | 390.07 | 372.45 | 291.10

62 413.17 | 393.70 | 310.19 | 413.17 | 393.70 | 310.19 | 414.02 | 393.49 | 310.21

93 437.68 | 417.93 | 331.52 | 437.68 | 417.93 | 331.52 | 438.56 | 417.72 | 331.54

124 469.18 | 448.71 | 357.50 | 469.18 | 448.71 | 357.50 | 470.09 | 448.48 | 357.53

155 505.96 | 484.43 | 387.03 | 505.96 | 484.43 | 387.03 | 506.93 | 484.20 | 387.06

186 546.72 | 523.88 | 419.24 | 546.72 | 523.88 | 419.24 | 547.75 | 523.63 | 419.27

217 590.14 | 565.84 | 453.27 | 590.14 | 565.84 | 453.27 | 591.25 | 565.57 | 453.31

248 634.92 | 609.06 | 488.23 | 634.92 | 609.06 | 488.23 | 636.10 | 608.78 | 488.28

279 680.61 | 653.14 | 523.84 | 680.61 | 653.14 | 523.84 | 681.86 | 652.84 | 523.89

310 720.22 | 691.51 | 555.44 | 724.58 | 695.61 | 558.34 | 72590 | 69530 | 558.39

341 731.87 | 703.61 | 568.43 | 766.80 | 736.45 | 591.72 | 768.19 | 736.12 | 591.78

372 734.06 | 706.87 | 575.01 | 804.66 | 773.20 | 622.23 | 806.10 | 772.86 | 622.29

403 736.09 | 709.96 | 581.28 | 824.17 | 792.71 | 640.57 | 839.61 | 805.48 | 649.90

434 738.05 | 712.93 | 587.29 | 826.47 | 796.08 | 647.40 | 866.51 | 831.92 | 673.14

466 739.93 | 715.78 | 593.06 | 828.56 | 799.26 | 653.90 | 886.34 | 851.75 | 691.67

497 741.74 | 718.53 | 598.60 | 830.57 | 802.32 | 660.16 | 920.07 | 884.60 | 719.36

528 743.49 | 721.17 | 603.93 | 832.51 | 805.27 | 666.18 | 922.44 | 888.00 | 726.19

559 745.18 | 723.71 | 609.05 | 834.39 | 808.11 | 671.98 | 924.47 | 891.16 | 732.67

590 746.81 | 726.16 | 613.99 | 836.21 | 810.86 | 677.57 | 926.45 | 894.20 | 738.93

621 748.38 | 728.52 | 618.75 | 837.96 | 813.51 | 682.96 | 928.35 | 897.15 | 744.96

652 749.90 | 730.80 | 623.33 | 839.66 | 816.07 | 688.16 | 930.20 | 900.00 | 750.80

683 751.37 | 73299 | 627.75 | 841.31 | 818.54 | 693.19 | 932.00 | 902.76 | 756.43

714 752.78 | 735.10 | 632.02 | 842.90 | 820.93 | 698.05 | 933.73 | 905.44 | 761.89

745 754.15 | 737.14 | 636.15 | 844.44 | 823.24 | 702.74 | 93542 | 908.02 | 767.16




M3 N5 (AD)
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A 800°C 900°C 1000°C
W) | uu naNg A YU nANg a4 YU 6N A
776 75548 | 739.10 | 640.13 | 845.94 | 82548 | 707.28 | 937.06 910.53 772.27
807 756.76 | 741.00 | 643.98 | 847.38 | 827.64 | 711.68 | 938.64 | 91296 | 777.22
838 758.00 | 742.83 | 647.70 | 848.79 | 829.73 | 715.94 | 940.18 915.31 782.02
869 759.19 | 744.60 | 651.31 | 850.15 | 831.75 | 720.06 | 941.68 917.59 | 786.67
900 760.35 | 746.31 | 654.80 | 851.46 | 833.70 | 724.06 | 943.13 919.80 | 791.18
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MIN N6 VoyansMUIMTIAUAVUDIYUNYINANUINAIUAIATU DY DAY LAz

A196A51M35 11av8981IMA 600 kg/hr NOBUNY

a

a

U

UK 800, 900, 1,000 °C

nal 800°C 900°C 1000°C
(W) YU A a9 YU A GhN YU A A
0 406.13 | 392.17 | 330.01 | 406.13 | 392.17 | 330.01 | 406.13 | 392.17 | 330.01
31 406.13 | 392.17 | 330.01 | 406.13 | 392.17 | 330.01 | 406.13 | 392.17 | 330.01
62 42829 | 412.30 | 34932 | 42829 | 412.30 | 349.32 | 42829 | 41230 | 349.32
93 45321 | 436.99 | 372.08 | 45321 | 43699 | 372.08 | 45321 | 436.99 | 372.08
124 | 485.44 | 468.64 | 40039 | 485.44 | 468.64 | 40039 | 485.44 | 468.64 | 400.39
155 | 523.19 | 505.53 | 432.91 | 523.19 | 505.53 | 432.91 | 523.19 | 505.53 | 43291
186 | 565.08 | 546.37 | 468.62 | 565.08 | 54637 | 468.62 | 565.08 | 54637 | 468.62
217 | 609.74 | 589.85 | 506.47 | 609.74 | 589.85 | 506.47 | 609.74 | 589.85 | 506.47
248 | 655.81 | 634.66 | 54541 | 655.81 | 634.66 | 54541 | 65581 | 634.66 | 545.41
279 | 702.81 | 680.37 | 585.10 | 702.81 | 680.37 | 585.10 | 702.81 | 680.37 | 585.10
310 | 74343 | 720.00 | 619.96 | 748.00 | 72436 | 623.44 | 748.00 | 72436 | 623.44
341 | 75479 | 73171 | 63249 | 79136 | 766.61 | 660.42 | 791.36 | 766.61 | 660.42
372 | 75634 | 734.10 | 637.45 | 830.15 | 804.50 | 693.92 | 830.15 | 804.50 | 693.92
403 | 757.78 | 73637 | 642.19 | 849.73 | 824.07 | 712.80 | 864.34 | 838.02 | 723.94
434 | 759.17 | 73855 | 646.74 | 85136 | 826.54 | 717.93 | 891.65 | 864.98 | 748.71
466 | 760.50 | 740.64 | 651.12 | 852.84 | 828.87 | 722.82 | 911.61 | 88491 | 767.84
497 | 761.78 | 742.66 | 655.33 | 854.26 | 831.11 | 727.54 | 946.10 | 918.74 | 798.03
528 | 763.02 | 744.60 | 659.38 | 855.64 | 833.27 | 732.08 | 947.80 | 921.22 | 803.16
559 | 764.21 | 746.46 | 663.28 | 856.96 | 83535 | 736.46 | 949.26 | 923.52 | 808.02
590 | 76535 | 74826 | 667.04 | 858.24 | 837.37 | 740.69 | 950.67 | 925.74 | 812.72
621 | 766.46 | 749.99 | 670.66 | 859.48 | 839.31 | 744.77 | 952.04 | 927.89 | 817.26
652 | 767.52 | 751.65 | 674.15 | 860.67 | 841.18 | 748.72 | 953.36 | 929.97 | 821.66
683 | 768.55 | 753.26 | 677.52 | 861.83 | 842.99 | 752.53 | 954.64 | 931.98 | 825.91
714 | 769.54 | 754.80 | 680.78 | 862.94 | 844.74 | 75622 | 955.88 | 933.93 | 830.03
745 | 77049 | 756.29 | 683.92 | 864.02 | 846.43 | 759.78 | 957.08 | 935.82 | 834.02




M9 0.6 (AD)
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nal 800°C 900°C 1000°C

() YU A a4 YU A A YU nag a4
776 771.41 757.73 686.96 865.07 848.06 763.23 958.25 937.64 837.88
807 772.30 759.11 689.89 866.08 849.64 766.57 959.37 939.41 841.63
838 773.16 760.45 692.73 867.05 851.17 769.81 960.47 941.12 845.26
869 773.99 761.74 695.47 868.00 852.64 772.94 961.53 942.78 848.78
900 774.79 762.98 698.13 868.91 854.07 775.97 962.56 944,39 852.20
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M3 0.7 ToyannmsfIaFidmIMInIzegurgineludeunay 4 A

1) HUUD1909¥DIN1BBNNIBIOHLS MM UG 1E-ATINA

v [
vsnw v nane e ez ludeudy e 5 uuuiaes Noas1Ms naves

9IMF 600 kg/hr NYUNYILHT 1,000 °C

Left Left

Time middle Time middle
(minute) top middle | bottom | brick | (minute) top middle | bottom | brick
0 41499 | 40498 | 332.82 | 145.01 466 917.57 | 892.79 | 719.83 | 241.99
31 41499 | 40498 | 332.82 | 145.01 497 919.02 | 894.96 | 725.16 | 250.01
62 436.36 | 42435 | 350.15 | 150.25 528 920.34 | 897.01 | 730.25 | 257.93
93 460.96 | 448.48 | 369.86 | 155.66 559 921.61 | 899.00 | 735.19 | 265.75
124 49292 | 479.64 | 394.55 | 161.34 590 922.83 | 900.92 | 739.98 | 273.47
155 530.44 | 516.11 | 423.02 | 167.33 621 924.02 | 902.77 | 744.62 | 281.10
186 572.14 | 556.57 | 454.36 | 173.66 652 925.17 | 904.56 749.12 | 288.63
217 616.64 | 599.72 | 487.63 | 180.32 683 926.28 | 906.30 | 753.49 | 296.07
248 662.56 | 644.23 521.92 | 187.30 714 927.36 | 907.98 757.74 | 303.42
279 709.43 689.66 556.92 | 194.56 745 928.40 | 909.60 761.86 | 310.67
310 754.51 | 733.40 | 590.79 | 202.08 776 929.40 | 911.17 | 765.86 | 317.84
341 797.77 | 775.40 | 623.52 | 209.82 807 930.38 | 912.70 | 769.76 | 324.92
372 836.45 | 813.06 | 653.30 | 217.73 838 931.32 | 914.17 | 773.54 | 331.92
403 870.54 | 846.36 | 680.09 | 225.76 869 932.24 | 915.60 | 777.22 | 338.83
434 897.74 | 873.08 | 702.39 | 233.86 900 933.13 | 916.98 | 780.81 | 345.65




162

o | oV k4 a v Y \J
U) HUV10DIYBIN1DINN 1Y IDUUINIUA U IY-A19

Left Left

Time middle Time middle
(minute) top middle | bottom | brick | (minute) top middle | bottom | brick
0 413.99 | 40432 | 359.48 | 148.10 466 916.09 | 891.99 | 787.39 | 291.30
31 413.99 | 404.32 359.48 | 148.10 497 950.45 925.60 817.13 | 302.87
62 435.74 | 423.85 377.60 | 156.43 528 952.02 | 927.86 821.69 | 314.25
93 460.29 | 44798 | 399.22 | 164.91 559 95335 | 929.95 826.01 | 325.43
124 492.19 | 479.12 | 426.57 | 173.69 590 954.63 931.97 830.20 | 336.40
155 529.63 | 515.56 | 458.26 | 182.84 621 955.88 | 933.93 834.24 | 347.19
186 571.25 | 555.99 | 493.23 | 192.39 652 957.09 | 935.82 | 838.17 | 357.78
217 615.67 | 599.10 | 530.40 | 202.34 683 958.26 | 937.65 841.96 | 368.18
248 661.51 643.57 | 568.73 | 212.66 714 959.39 | 939.43 845.64 | 378.41
279 708.30 | 688.97 | 607.85 | 223.32 745 960.49 | 941.14 | 849.21 | 388.45
310 753.29 | 732.67 | 645.64 | 234.27 776 961.55 | 942.81 852.67 | 398.32
341 796.47 | 774.65 | 682.08 | 245.46 807 962.59 | 944.42 | 856.03 | 408.02
372 835.09 812.28 715.06 | 256.83 838 963.59 | 94598 859.29 | 417.55
403 869.13 845.56 | 744.55 | 268.30 869 964.56 | 947.50 | 862.45 | 426.92
434 896.29 | 872.28 | 768.79 | 279.82 900 965.50 | 948.96 | 865.52 | 436.12
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o | <4 Y ) }'4 v Y
f) HUVD1223¥DINNDDNN IV IDUUINIUAIUAE-H 18

Left Left

Time bottom Time bottom
(minute) top middle | bottom | brick | (minute) top middle | bottom | brick
0 413.93 | 40423 | 360.89 | 148.48 466 915.98 | 891.82 | 791.14 | 296.99
31 41393 | 40423 | 360.89 | 148.48 497 917.46 | 894.02 | 795.59 | 308.62
62 435.69 | 423.77 | 379.08 | 157.17 528 918.78 | 896.11 | 799.84 | 320.04
93 460.24 447.89 400.81 | 166.00 559 920.06 | 898.12 803.95 | 331.24
124 492.13 479.02 428.31 | 175.14 590 921.30 | 900.06 807.92 | 342.23
155 529.57 | 515.46 | 460.18 | 184.66 621 922.50 | 901.94 | 811.76 | 353.01
186 571.18 | 555.88 | 495.35 | 194.58 652 923.66 | 903.76 | 815.48 | 363.60
217 615.59 | 59898 | 532.75 | 204.91 683 924.79 | 905.52 | 819.08 | 373.98
248 661.43 | 643.45 | 571.31 | 215.62 714 925.88 | 907.23 | 822.57 | 384.18
279 708.21 | 688.83 | 610.66 | 226.67 745 926.93 | 908.88 | 825.95 | 394.18
310 753.20 | 73252 | 648.66 | 238.01 776 927.95 | 910.47 | 829.22 | 404.00
341 796.37 | 77449 | 685.31 | 249.60 807 928.94 | 912.02 | 832.40 | 413.64
372 834.99 812.12 718.48 | 261.36 838 929.90 | 913.51 835.48 | 423.10
403 869.02 | 845.39 | 748.12 | 273.23 869 930.83 | 914.96 | 838.47 | 432.39
434 896.18 872.11 772.48 | 285.13 900 931.73 | 916.36 841.37 | 441.51
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9) HUVI1ADITBINIDONHIYS DUV UM UAI-ATINA

Center Center

Time bottom Time bottom
(minute) top middle bottom | brick | (minute) top middle bottom | brick
0 413.04 403.22 325.01 | 156.60 466 914.32 889.96 72691 | 431.03
31 413.04 403.22 325.01 | 156.60 497 915.83 892.21 733.79 | 450.29
62 43491 422.87 344.88 | 174.88 528 917.18 894.34 740.33 | 468.73
93 459.42 446.94 365.61 | 193.14 559 918.49 896.40 746.66 | 486.39
124 491.25 478.02 391.16 | 211.44 590 919.76 898.38 752.77 | 503.32
155 528.62 514.37 420.41 | 229.98 621 920.98 900.31 758.67 | 519.53
186 570.15 554.70 452.50 | 248.89 652 922.17 902.17 764.38 | 535.08
217 614.47 597.70 486.54 | 268.22 683 923.32 903.97 769.90 | 549.99
248 660.21 642.06 521.62 | 287.97 714 924.44 905.71 775.25 | 564.29
279 706.89 687.35 557.43 | 308.11 745 925.52 907.39 780.42 | 578.01
310 751.80 730.94 592.20 | 328.54 776 926.56 909.02 785.42 | 591.17
341 794.89 772.81 625.89 | 349.18 807 927.58 910.60 790.27 | 603.82
372 833.44 810.37 656.72 | 369.89 838 928.56 912.13 794.96 | 615.95
403 867.41 843.58 684.64 | 390.54 869 929.52 913.62 799.51 | 627.62
434 894.53 870.26 708.16 | 410.98 900 930.44 915.05 803.92 | 638.82
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m319h 0.8 TeyaguuginmawnoulSuljulSoufeutundalsoiss

M gUNYN (°C) nM UM (°C)
i) | aeudsuilye | wdwlSuilge | () | reudSuilye | wawlsuilga

0 200.91 205.61 270 634.25 741.73
10 201.02 232.92 280 645.71 731.12
20 202.35 235.84 290 666.10 797.80
30 202.46 254.52 300 681.07 829.45
40 203.70 264.81 310 692.64 823.57
50 204.03 320.19 320 709.85 882.83
60 213.61 349.03 330 728.54 845.61
70 216.76 338.43 340 725.62 918.04
80 230.30 300.20 350 746.30 918.46
90 246.95 393.37 360 755.45 959.80
100 269.51 399.53 370 762.05 955.63
110 29431 401.20 380 775.83 972.43
120 325.46 415.61 390 779.03 951.52
130 342.21 457.83 400 786.89 976.48
140 356.07 473.66 410 790.08 1009.02
150 370.23 469.04 420 811.03 979.06
160 393.91 537.65 430 823.79 -
170 412.34 613.08 440 839.42 -
180 433.92 639.55 450 847.35 -
190 468.40 594.05 460 836.13 -
200 488.10 620.70 470 836.52 -
210 503.67 649.82 480 850.57 -
220 520.70 663.74 490 855.19 c
230 543.78 661.50 500 868.43 -
240 572.84 694.73 510 869.07 -
250 610.40 680.78 520 866.59 -
260 622.58 707.91 530 872.04 -
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M3199 0.8 (Mv)

M N (°C)
i) | newdlsulge | wawlsuilg
540 882.35 -

550 894.79 -

560 899.72 [

570 922.31 -

580 912.11 -

590 916.48 -
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M319h 0.9 ToyaguuiiganunuguluT UM IUUL tagd a1l nawlSulg

N gaungu (°C) M gangi (°C)
(i) MUy fMua (1) MU fuang
0 205.61 28.00 260 707.91 208.00
10 232.92 29.00 270 741.73 234.00
20 235.84 30.00 280 731.12 260.00
30 254.52 35.00 290 797.80 280.00
40 264.81 46.00 300 829.45 319.00
50 320.19 50.00 310 823.57 330.00
60 349.03 58.00 320 882.83 340.00
70 338.43 61.00 330 845.61 361.00
80 300.20 70.00 340 918.04 425.00
90 393.37 73.00 350 918.46 433.00
100 399.53 77.00 360 959.80 473.00
110 401.20 80.00 370 955.63 535.00
120 415.61 85.00 380 972.43 590.00
130 457.83 95.00 390 951.52 605.00
140 473.66 105.00 400 985.17 616.00
150 469.04 110.00 410 979.06 654.00
160 537.65 120.00 420 998.19 656.00
170 613.08 130.00 430 976.48 665.00
180 639.55 140.00 440 985.37 697.00
190 594.05 150.00 450 1009.02 700.00
200 620.70 156.00 460 963.43 714.00
210 649.82 170.00 470 983.72 720.00
220 663.74 185.00 480 1009.02 729.00
230 661.50 191.00 490 963.43 740.00
240 694.73 194.00 500 983.72 770.00
250 680.78 198.00
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a Y v o 9
MN8N V.1 EU'E)l]uaﬂWi@@@ﬁiWﬂ’]iulﬁaell@QBWﬂWﬁ 4 Y1OW

{ ] @
NANIITOUNAAN 1,420 rpm

ANuSIMaEn
AWHUIA (m/s)
Foafi 1 | Weafi2 | Hesiiz | fesii4
1 1.43 1.60 0.70 1.70
2 1.52 1.50 0.87 1.85
3 1.41 1.56 0.94 1.70
4 1.20 1.23 1.15 1.83
5 1.10 0.90 1.32 1.90
6 1.32 1.00 1.43 1.89
7 1.42 1.40 1.39 1.78
8 1.23 1.50 1.23 1.80
9 1.50 1.20 1.33 1.89
10 1.30 1.34 1.38 1.82
Vavg, (m/s) 1.34 1.32 1.17 1.82
Q, (CFM) 113.74 112.05 99.43 153.80
ANus M wesnaed
AWHUIIN Pressure Vout
Inch w m/s
1 0.14 8.29
2 0.15 8.70
3 0.14 8.44
Vavg, (m/s) 0.14 8.48
Q, (CFM) 1615.76
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M5199 2.2 FoyamsInoasims naveseme

] o {
AIUIITOUNAAY 1,420 rpm LW]ﬁ@Qﬁ 2

fura Samasiosd
olo 1
200 °C 500 °C 685 °C 840 °C
1 3.37 2.87 3.35 2.90
2 3.44 3.22 3.33 2.83
3 3.50 3.13 3.37 2.78
4 3.44 3.27 3.45 2.71
5 3.66 2.99 3.25 2.64
6 3.27 3.00 3.09 2.63
7 3.07 2.71 2.99 2.78
8 2.88 2.66 2.92 2.69
9 291 2.64 3.18 2.84
10 3.44 2.60 2.70 2.72
Vavg,
(m/s) 3.30 291 3.16 2.75
Q, (CFM) 279.31 246.36 267.87 233.07
Tin, °C 20.00 30.00 28.00 26.00
Tout, °C 30.00 48.00 49.00 50.00
AnusiMaoenilaes
gUNYUIN 200 °C 500 °C 840 °C
@uedn | Pitottube | Vout Pitot tube Vout | Pitottube | Vout
(Inch w) (m/s) (Inch w) (m/s) (Inch w) (m/s)
1 0.357 13.338 0.289 12.001 0.265 11.492
2 0.365 13.487 0.317 12.569 0.292 12.063
3 L - 0.326 12.746 0.276 11.728
Vavg, (m/s) 0.361 13.413 0.311 12.439 0.278 11.761
Q, (CFM) - 2555.810 - 2370.212 - 2241.080
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M99 .3 JoyanisIadasims Inavesorma

<3 ™ {
ANULIITOUNADY 1,688 rpm LN11§i}’t’Nﬁ 4

fumuada Samasiosi 3
383°C 650 °C 870°C | 1014°C
1 3.03 2.97 3.16 2.59
2 3.16 3.34 3.13 2.66
3 2.99 3.24 2.97 2.73
4 3.07 3.20 2.81 2.76
5 3.12 3.19 2.83 2.69
6 3.10 3.12 2.74 2.82
7 3.09 3.10 2.67 2.82
8 2.74 3.18 2.61 2.86
9 2.66 2.94 2.53 2.57
10 3.01 2.91 2.74 2.43
Vavg, (m/s) 3.00 3.12 2.82 2.69
Q, (CFM) 253.82 264.15 238.74 228.07
Tin, °C 28.00 30.00 30.00 26.00
ANusIMyesnans

QUMW | 383°C | 650°C | 870°C | 1014°C

Tamb, °C 28 30 30 26
1 0.494 0.520 0.511 0.485
2 0.504 0.509 0.514 0.499
3 0.511 0.511 0.517 0.465
Pavg 0.503 0.513 0.514 0.483

Vavg, (m/s) 14.546 14.695 14.705 14.254

Q, (CFM) 2771.849 | 2800.176 | 2801.993 | 2716.183
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5130 v.4 Joyansindasins lvavesorna

3 @ {
AULIITOUNADY 1,688 rpm Wﬂﬁ’f]\?ﬁ 1

funieia Samasiosdi 4
342°C 644°C 875°C
1 3.90 3.48 3.36
2 3.80 3.44 3.86
3 4.60 3.89 3.89
4 4.10 3.76 3.68
5 3.80 3.45 3.67
6 3.90 3.38 3.80
7 3.80 3.47 3.68
8 3.30 3.50 3.34
9 4.10 3.20 3.18
10 4.00 3.02 2.96
Vavg, (m/s) 3.93 3.46 3.54
Q,(CFM) | 332.83 29294 | 299.97
Tin, °C 28.00 33.00 27.00
mmﬁaﬁwaaﬂﬂdm
QUNIIN | 342°C 644°C 875°C
Tamb, °C 28 33 27
1 0.624 0.630 0.625
2 0.605 0.622 0.639
3 0.629 0.613 0.651
Pavg 0.619 0.622 0.638
Vavg, (m/s) | 16.141 16.171 16.387
Q,(CEM) | 3075.727 | 3081.515 | 3122.549
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ms19hi 4.5 YoyamsTaiiaa lwih

3 o
) ANNIITOUNAAN 1,420 rpm

line P,watt Amp Volt pf.
1 1540.00 4.02 386.00 0.57
2 1800.00 423 385.00 0.64
3 1690.00 3.91 388.00 0.64

avg. 1676.67 4.05 386.33 0.62

< @
V) ANUTITOUNAAN 1,688 rpm

line P,watt Amp Volt pf.
1 3040.00 5.09 387.00 0.89
2 3160.00 5.27 387.00 0.89
3 3180.00 5.17 389.00 0.91

avg. 3126.67 5.18 387.67 0.90

< @
f) ANULIITOUNAAY 1,960 rpm

line P,watt Amp Volt pf.
1 4060.00 6.50 396.00 0.91
2 4810.00 6.78 395.00 0.91
3 4330.00 6.79 396.00 0.93

avg 4400.00 6.69 395.67 0.92
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1. MIVNUVVISVY

1.1 msmnaSanastiearn ]yl (Chamber)
o a 9 Y a a 9 d' Y 091
Tumsdnnamilsuasdeumusl Aavnlsunannudeundesmslumssumei
a QBJ' @ Aa Aa Y a I~ a A Y Vo <
poNINdgNInue Nulszansnimm udrnailluilsinasidssmsgegaaeda lug vnmsny
Y a Yo
Poyavialagemag

a

i v H
M3 A-1 NMINBFNAIUNTEVIUNTAINE

Wmiin wimiime EREIL
ayilen 3.3 - PONIINIATOITAAU
a Y < Y
GRILRIY 3 0.3 AnLEs A
93qn 25 0.5 TG TGE
inszmellaeden  0.5(kg) - 0.3(ke) =0.5 kg, /AoU
- Ay v J
nasnundea ¥ lumssemenia
Windeeiimssziie  1,728(ou) x 0.5(kg /NoY) =864 kg,
WAL 19 Q,. = 864(kg, ) x 2,241(k/kg,)
=1,936.3 MJ
Ny =40 % 1,936.3(MJ) x 100/40 = 6,454.34 MJ
Ifwa(lid levzgandn) LHV = 10.143 MJ/kg (Mois. 45%)

A4 Ifeamsaaiieann lulisnnusouvedlisr le Tasasa)

AbG 6.454.34(MI)/10.143(MJI/kg) = 63634 kg,
THnaumiszana =6 hr.
12 Tua 1 Il 636.34(kg,,,) / 6(hr) =106.06 kg, /hr

=350 kg/m’

anunuuiuvenedifd1e (0, )

1950390 106.06(kg,,, /hr) /350 (kg/m’) =030 m'/hr
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1.2 snnanfSinaaniineans (Flow rate)
) a a d' 9 1% % Ay a a
lumssruraazaaanlsuaeimeanasims lumsduaddudemas  uazdSua
1 a d' 9 a 9 d' 1 [ d' =y d‘
pIMadnUNAeINITunTEUINMIWDY uanHoAaIUNgds TuszUITpIINNg

Inaruvie tazneidsy

S0 703 =40m’

o Ay ) H
naanunaea ¥ lumsszmeni

v

ihiidesiimsszime 1,728 Ao x 0.5 ke, /Aoy =864 kg,,
Wi 1§ Q.. = 864 kg, x 2,241 kl/kg,
=1,936.3 MJ
N, =30 % 1,936.3 MJ x 100/30 = 6,454.34 MJ
Ifiwsr(13%d oz gandn) HHV 10.143 MI/kg Mois 45%
Aoamsomadual =2.998 kg, /kg,
(MIMIAUABFNNIIIAL)
Excess air 100 % 2.998 kg, kg, x 2 =5.996 kg,. /kg.
Wuiidoald  6,454.34 M/ 10.143 MI/kg — 63634 kg, / 6 hr.
~ 106.06 kg, /hr.
I¥omeduaid 5.996 kg, /kg ., x106.06 kg, /hr. =635.93 kg, /hr.
Tianun 4 HournIns 635.93 kg, /hr.x 4 709 =2,543.72 kg, /hr.
ANUHUMHUBIMAR P 4 o0 0.995 kg, /m’ =2,543.72 kg, /hr. /0.995 kg, /m’
= 2,557 m'/hr.
=1,504.79 CFM

wemmwasnulums lnarunesdy luve 57 wazunszuiumsndeamsomaaunulu

SIERTRLT R = 4,000 CFM

1.3 SMIaANNAUANATBNIUSTUD (Pressure drop in system)
a @ o d"d 3 Y 9 =} A
lussvumumdguuulsendandesnuiilinimue - 4 doum  deslimsiouny
a 1 [ d' Y =\ ) [ [ X " ] v =R o a ]
wuomeagonwiie 1 luszuuimsthwndanundu 1 1¥vuldedaniddu msnanuay

1 A A @ Ay ) Y
G’]ﬂﬂi@llﬁ&"]JUL‘W@llﬂl,a@ﬂ“llu’]ﬂ‘Wﬂ'ﬁll‘Vl@]@Qu’]ﬂ’ﬂ%iuﬂ’]iﬂﬂ@’]ﬂ’lﬂ@@ﬂ
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MUAUNO TN AIY 30x30 LFUAINAT

Hydraulic diameter 4x(0.3x0.3)/2x(0.3+0.3) =0.3
72
N A_P — h| =f LV_
0 D 2

v o J ' <3 o { ] J
%']ﬂﬁ']'i'Nﬂ’J'lll‘ll‘;ﬂJi%ﬂMWﬂﬁﬂJ@ﬂﬂﬂlﬁﬁﬂﬂjUﬁﬂﬂga (Galvanized iron) ﬁﬂlu]ﬂlé}uN‘IHQHﬂ

NA19 30 KEUALIAT

1&an %: 0.000154
10 Re = ﬂ
u

unumgaeiAvesoMefigagil 300 K
Re=1.16x9.5x0.3/184.6x10"
~188515.71
nnmaalnmesanudsanudmsums lnalunelaslda Re fu e/D 18 0.027

nngasmuanUgYdennauugUse 14

2
h, =0.027 24795 =97.47 m’/s’
03/ 2

anugadonniete Tasnnnsanueiaiiounow 90° 1d L /p=40

9.5%

i = 0.027(40)( j(lo) =487.35m’/s’

AP = p(h +h,,) = 1.16(97.47+487.35)

= 678.4 N/m’

nndnangednaylaoldlUsunsy CFDRC Tdauduanaseunoady 10 N/m’
4 %o =40 N/m’
SuANUALARAT DURIT Y

678.4+40 =718.4 N/m’

Y Y
SIEFATRL =3



2. msnindSinaanvesriaan

NNANUFURUT VO IWNAAL

178

Power,
Power,

N,
N,

Dim., Q
Dim, Q,

-

a J 4 1 a
nszuuanly wemesuuia 5 HP (3.7 kW, 1,420 rpm) tieneszuuase lasliniu

Mumuvesszuuilionsims lnaanas vemes 19masldihanaunas 1.6 kw Taelions

M3 11ave 019 383.26 kg/hr FIA0IA15 600 kg/hr

< Ay A g
ﬂ'J'l?JLﬁ'Ji@‘]JVI@]@Qﬂ'IﬁLWJJHJU

=3 9 I'4
v l¥uomes 7 HP (5.5 kW, 2,800 rpm)

A A A < %
?WWII‘Viﬁﬂ’t,:‘NQQﬁﬁJTﬁ‘ILWNﬂ’NNLi’Ji@Uqﬂ

600kg / hr N,

383.26kg/hr  1,420rpm
N, =2,223rpm

55kW (N,

3
1.6KW (1,420)
N, =2143rpm

o =] v (9 ] A A A
%WﬂﬂTSﬂWH’JméﬂzlﬁuﬁﬁJﬂm@{ 7 LL‘NfIIT fJ\‘]llllﬁnﬂiﬂlWﬂJ5€lﬂulgljﬂéljf)ﬂﬂ1ﬂm1ﬁﬂﬂfﬂ1ﬂ

I =2 A v 9 v a3 Aq YA o Ay A
‘51ﬂ1ll€]t@‘lﬂ’ill‘ﬂﬂ%mﬂfﬂ\uﬁ@ﬂslﬂf 7 133U LWi1$11’iﬂ’NiJL‘i’J'if)‘U‘lﬂclﬂmﬂEl\iﬂ‘ﬂ“l/l@]f)ﬂﬂﬁ&ﬂf]ﬂ?

fdelihveswemessionn ldmids luihaaamasusinmssiaiuienldsasmana

3.5:5 1

ansaminsov ladlu

v F
i 1d6a31ms Inavesermeaiuaiundly

Sinch 2,800

35inch N,
N, =1,960rpm

1,960rpm N,

1,420rpm  383.26kg / hr
N, =529kg /hr
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.1 MmsaHauuudiasusanay
o Aa o qs/l 9 9 o dgl J £
MIAUIMFIABAVIULTNITAIaT e T lumsaivavuuney a5 Tamulu
o Ao A ] Ao ]d_l v a A
M lulasansivedne msaselamunianvasiluneoan (awzusnanaulsly
A4 o 9 a v a ~ Y] = ) ' A
NHzdapunmzRouragiounsd) lasinnuaa1enaIn 1A IuvIAYIIA 1azglsne 7
F
midpufuiuIUe993e luaudte lddendasauy 2 3@ vag 3 ia Taglumssiassivay
o o d’o 9/:1’ d! [ d’d o
Mmssaran lumanmmua Rnarua 9 Tuaansneaod Fausas lumaniinssiasd
an = 3 9 a A =) = "9 [ o aa =2 =
HUD 2 4R aziimanuveyasTunenlssumeunaogual damuuusIane 3 Ua IANEIDG
4 d' a dgl 1 z
Usingmsaims luainadumniy
o a o o o o
Tumsadranuiiaoudedigiay  Tasnslsldsunsudunaumanamansvoed lvia
® 1 09-’1 Y Y I nng 1 A o’/} ;’f ]
CFDRC ~ einsouiiniuaeumsdaiweon lailu 3 duneulvg Ao Tuaouusniunsunou
v ' Y
msiszuiana (Pre-Processing) TupouNasInoTUABUMITENIaNE (Processing) Lia1g

os/‘ 9/ A us}/ o . 1 U =2 =
VUADUGANIYND TumpurnaImMIlszuiana (Post-Processing) @@1ﬂﬂ$ﬂﬁ13ﬂﬂ§1ﬂﬁ$t@ﬂﬂ

Al QBI’ U 1 dgl
mauma:mumumm'lﬂu

1.1.1 Tunaunaumsiszaiana (Pre-Processing)
g/’ U dyd Y
Tuduneuneunslszuiana (Pre-processing) 1 Ao MmaadiauyTamusenuuilu
a H g
uDUFUNIN (Drawing) TaedTMsas1an3onaiuazas99nlysunsy CFD-GEOM Fuilu
® 0 :
Tilsunsulugaueslisunsy CFDRC - 1oelasmstimuagauazainduiionaglainvuig
E4
v59veaneur lunuiselianyuzvounumdglszrdandsnuazdl 4 doun Ineeina
9 d‘ 1 Y 1 Y z!' o 9 Qy [ 9 1 1 9 1 1 d' Qy 1
Jou¥puaeuszniItvouieInNuiouiandunlylmiodaquaineunzniesnyg
V550IMA Tnouaazioigunliazanadsos FaeanaoIn NIz UIUMIIHDY luLAaziog
= @ o Y Y A 9 o = =
swaziearanniau lanan ldudr luund 2 lumsadrawnusaeddumsdneinens
Y 1
nszeAIvRIguun e Inmsie Jaglnseade uazvine miloununnieasgl

A =2 Y o <3| @ ~ Y a2 o o A a
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imsnlasunilas vazFudouszdestimsmnuanialiianuazdeaunnnusnaudun 1y
A = d' 1 o v 1 1 a Y a Y a
auly wie lilinmsnldountasmlumsduaunninediusu vinaudeudsuazsoudoudy
9 =) o a A = 1 a A A =} ] 9 [
wApslimstmuansanazideanNnusnudue e nlims markuveseimasoulugilsg
a Y 1 a 4 a o <3 1
MUAUNFUSDUNINAIVTNUDU tazaTIVTNUMUTazneeendzdunariuldieg

9 a 1 a d' d' [ 1 a d' =
AINWNTANYIUNNUITNIUDY Lummﬂaﬂymzmi'lwammmmmflumi”lwamumnm‘ﬂvlw
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Aa

=
TINAVIN
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()

517 4.5 uaasiSmsadruuuiraedlullsunsy CFD-GEOM (n) udasmsiviuagania ()

L1}

Y
a I a
uaaamsadenuAnilulSag

:/I 1 o A o - a aa < a
duaouae ldanmsimuagaiidund sinsadiui lulawuaesiiaey 1ddulsnas
' o < § o 1 g a o
(Volume) 100 uadoaiimsiaenilu 2D-Block aretoimualigiududlSiasTumssdiuna
4 o A o
Wuduaeugaie (U 4.5 () udual'lwdiuuuana DTF file (Data Transfer Facility
Y 1 a2 9 3 Y =3 A o
File) dulusiwazideansainiudesdne1ainldsunsy CED-GEOM iipsiinisaaly
osz‘ a A < 4 Y o
Waee A59925IMATIANTNANTING Hazn5eaiio (Tool Bar) daa1ee hildisiawisona
1 -4 1 ag A 1 < @ : g 4
ladreiu daudsmsadisinan ldudrdsduilundnlumsnaves T sunsudgailuiugu
dy § o - ] o o
Tum3lF Tsunsudl evhanudnladsiug i lumsnandanegi Idawnsodszgad 19m
1 d' d' 1 [ A [ 9 1 9
515190u9 fuanaeiueen i viedudeuniila
' <4 ' ' a o & = 2 =~
ao liliflunannanagfdnasmilwessvazideavoslamuds U7 w6 @unsn
I~ Y a A o
uaasldarellsunsy cFD-VIEW dlumsuaaadudavesnsaildlumssiuiunaealamu

U 2 Uh
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51U 9.6 msadunsalunuuiasudednay

d‘ o a Aq Y 9 o
M319N 4.1 NUIUNTAN 1S IUMTES 1D UTIa04

i UIUNTA (F99)
1 73
2 88
3 7
4 19
i‘hmwﬁmﬁzmm 6,359

% @ < 1 1 1 o a 1 ugzl T o [
“?\‘Iiﬂﬂqi‘l]ﬁ]%ﬁ\‘ﬂﬂ@]ﬁ’i‘L!'Jﬁ8EJZ‘HN"U@Q“H@Qﬁ?ﬂiﬂuﬁ‘l!ﬂiﬂiul!ﬂa%i}‘ﬂuuﬁlzl’lﬂ\u%?ﬂu PNLIAIWA

' Yy ¥y & o a Yy a & o 4 v Yy o a A
ﬂaTJUhJL!ﬁ’J"’UNﬁu "]Nﬂ"liﬂTHuﬂﬂiﬂ1Uﬂ@u@§uu%1lﬂu%$ﬁﬂﬁﬁ@ﬂﬂaﬂﬁﬂﬂﬂinmﬂ@Qif]’ﬂ

RQe Sk

4 a 9 A ' o [ LY o Y a 3,:’ ] ~ 9
Nﬂlmﬂaummmummmmmmwuﬂ@ﬂ"lnmmu%‘nﬂwﬂiﬂuuﬂ,ummmmgmw

Y a a

Y v v
wurdae 1'1d nieoramldnsanannusudousuTdsunsuluamusadiuald uanad

Y
o A o ) =~

o a o Y A o a A =X yq 9w
NIINTUUANTAUUNYTINN Z‘Vl"lﬂ'ﬂllL"U11%ul@GlULi’t’]QT@Q%TH’JUﬂiﬂ%!ﬁM1$ﬁN amﬁﬂﬂmaw

Yo

9
o Y a 1 o a
dszaumsal lumsudilyuniug wieerunaninmsnaassaieneuir Il 1dudilymess

]

Y o

v
“lmma%’a"lﬁﬁﬁmummmﬁq 2 4 e 3 ua m”lﬂﬂzﬂanﬁqmsﬁ?wmnm‘ham 3

=4

Aaa < =2 ' 9 Y o aa 2,’ ] 0 Y = o
ua G]f\iﬂ.l‘l!ﬂ'liﬁﬂ‘]&l'lﬁ')ﬂi’!ﬂ‘i/ﬂﬂ NITEINNHUUIADILUD 3 U uuﬂﬁnnmmvlmﬂsm%mu
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HUVS1a049 2 TR MINUATAIUYIANVANTINUNEITD 1118391 AS 1V VT 1a0901)

[ d' I~ Aaa ngl awv

dnvazndu 3 dauluanddeldadeld 2 wuv ds nuvusnldTsunsy CED-GEO Tagna
1 v ' Y v Y

ANVANean I aIMIUeIn N TuuuIN N nTuTan YL D UNF T UAaDAN 1A Y

=~ A @ ° . . a
anmoszndanallumsfuan (Computational Time) 1aedl 8,520 ¥a

(V)

517 4.7 taaadsmsadaunudiasaluTUsunsy CFD-GEOM tai1 3 U@

UG

(M) UAAINTAINUAYA (V) uaaamMsaeiduila Volume
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517 4.8 taaadsmsasauuusiaaluTlsunsy CFD-GEOM uaii 3 U6 1 au

G

a 4
(M waasmsai e laqu (v) nFaauysal

d' 9 =3 [l A 1 =<
nuunaeele 11siunsy CED-GEO Tagnaanuanauaiu 119491031 1uuuIn1ean
3 =Y A ~ :l @ k4 = A [ o .
Hulanyazimiloundinunasanieaivanimedserianarlun1si1uia (Computational

v
Time) 35191 UE11150 Translate 90UV 3 40 1 a1l

e

"

Outlet

Inlet

Brick volume

Q) (V) ()

31U 9.9 nernadtmsadrauuiiasalullsunsy CFD-GEOM L 3 1@ 3 dau

(n) 3Udunas, () Udumih, () gUdunen
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c?zl Ao Y o o A v Y av Yo =
Tumammmw%“lumimmmmmmmwamwﬁﬁﬂﬂmmna "lﬂﬂﬁ'iuﬂﬂim

=® c?/’ [ A aa aa
ANHINIHNA 9 Taa Taguadly 2 1y Ao uuD 2 U@ 9 Tuea uazuuy 3 U 1 1uaa

M5197 9.2 Luuasslumsiiui

U180 | Temperature Flow Rate
(No.) T(C) Q (kg/hr)
1 800 200
2 800 400
3 800 600
4 900 200
5 900 400
6 900 600
7 1,000 200
8 1,000 400
9 1,000 600

= Y

o an z 1< a 1 Aaa VA o w
HUYRI98Y 3 WA uu“lﬁ’wa NABINTIMUANMTUITIN 2 UR l.m!,ﬁﬁ]\iﬁﬂﬂ‘lg]}ﬂiﬂﬂﬂ

A
' ' o aa 9 Y a s A 9
NPy NIYU 11;mammmxmu 346 mﬂ%ﬂfmmmmmmmmmmqqmﬂq lLﬁ%Gl“]f!,?JaW

£
u
v
v v A

1 0911 o = U = 1 Y '
wnnlutpazduneumsiinu f)ﬂ'VNENllﬂmﬁ?ﬂﬂﬁﬁ?ﬂﬂﬂTﬂGlUﬂWiiﬂfIﬂil!,ﬂ'ill'é]gll”lﬂ N3

o aa KX I A A =
ATUIULUY 2 WA wﬂuﬁmmmzﬁﬂumﬁﬁﬂm

1.1.2 Tunaumsilszauiawa (Processing)
1 =1 o v &
Tumsdne i ldaulademsgydeniudonvesszuy  Jesmualdmiuiunuu
(Adiabatic Wall) Ao luiimsoremanudeuriumia laimsanu ludiuuesmsva (Flow

[} a < a
Module) 61]fNEﬂﬂ'lﬁ%}@uN1uﬁ}@u@§ﬂ15ﬂ5$ﬁnﬂﬂ'ﬂlﬂ5'J ﬂ'lﬁﬂﬁ5%15Qmﬂﬂﬂﬂ181umum$ﬂ15

1 9

mammmsaumﬂmmﬁ%udﬁ’auﬁg (Heat Module) N3a11ae) (Unsteady) ¥alumsdiuim

v

ﬁmz&'mﬁmu@ﬂmauﬁa (Properties) U999y AMANIAUDIDINMALAZIMUANOU lyNvEL
(Boundary Condition) A59USIMMIAT AT NIODAVDIVUIIAD

Y
Tumsansldsmualivednaduoimeadonlva (Hot Air Flow) #1u 1ddq

o A

A J g 3 L,
auyaguiaeiine veeluatwdums lnadniuzifed (Single Phase) waziilofmuald



189

I o :,’ a =}
omailuvedlnalumsdiuan marzaziiums lnavesormauns lvauvuiia Tndieu
. . 4 09-’1 < & a < A
(Newtonian  fluid) 1199910013 Watiwdluns Tvain T Tuiesdadiveaudailadenda
o v & ' A Ao W A = X o
Aualiidums lnanelu nagms lvarunesd gidudoulunaron Hamisdawiiegi

o an 1A o | y 1

uuusiaeuy 2 1@ uatienugnassdesiualdidums lvanuoiludlu (Turbulence

I "o o o (= U 1
Flow) 1iums luanuy 116ada (Incompressible  Flow) ~ #1ia lifinsoremanuionseng

. . < . 1 v A o a
Meousn (Adiabatic) tazms Imartunuy (No-Slip Wall) 521319v03 Inadudve sniiaazin
YoINOUDT
™ [} g’ I a o £ S A
vod'lvanie 1w 11 emeituves lnamuuuuvestiadu Faanumenie ves

{ IS o 1 [ { ' a <
TuanfinnuduRowlsiludadiuTasasnusasimalasunlacgliesuaiiuaums

1

@

dy dU Y dU A A 1 A o 4 .
WU 7o & wldir= yd— Tagh M AD MANUNUATNYIMU (Absolute or Dynamic
y y

9
Viscosity) 198520i30nduM 311911 NYANUHHAYDIIIAY (Newton’s Law of Viscosity)

e

:}1 ao :;‘ I~ a =1 A o Y I
mazaztuilymluaudseiudums lvauuvin Indlewiesandimualfve s luaiu
21mel 1A

av o I $ [l @ 1]
Tuguaseldimualdemaiuveslnan ligudinmanudu (Compressible Flow)
A ' o A A Ay 3 ' o A 3 o
110991019 1MAIZgUANLBINADUNAIEA NG INNNT 0.3 TR 130 30 % VoINS UTE

sz 99 wasaeIuN)

1.1.2.1 msmmuailym

Y
av

® v y v
TuTlsunsy cFDRC ™ azdigUuuuilymlddenidunue Tunuidedllagneia
m3 lvauazmsmemgamginieluavadenilgmlumsdnnudesilymae  dgnins
= Y 9 = ! A A g A Y A Yoy
Tvaamuzifon wazilaymmeduanudou dndruimuivmnae Iadenlsilamnslva
' Y
suviluthusaudislumsadrwuuiiaes Tehmsideniiua 3 gUnvuila (Specify The
Problem Type Settings) fio M3 i@ (Flow Module) AN59U (Heat Module) ttazm3 Ivauy
4 U o a { ®
Muila (Turbulence Module) TumsdenmeluTisunsuiinld Tasaanidennunuusn PT
Y a A :zl A o A 4 A A <3 a dgl
(Problem Type) tdInan@onluganiaiy wehmsmonudiaziinTesninadngninady
' oA A 9 A ™ A 2 ° ' 9
melugesied@masunieaurnieovesussia lumsaeniiumsmiviuaiusieg lsaums
. . Y o Y = =
AIAN  (Governing Equation) Tathalumssnnmaudilymivesst desivaziooaduns

munuuaz s mMIudilayruFdiaiay (Numerical Method) 1dna1n 13 Tavazideaudaluuni 2
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1.1.2.2 Mmsmriualuaa
2 o o Y 9 c:’ A
msfmuaglunuTagsawvesuudaesansoiiua ldnnihaed  Guanms

o 4 o % 4 . 4 o o
fvuavevewuuiiaesdees liuaawnaludmnua (Output File) ekimssulysunsy

4
=

~ v Y, aw o A o A A&
GeuieoudrluauIveiiviuade KILN MODEL (HUUS1a9ua M)  (@on lnesaiia
Y 1] 3 . 1] o A 9 Ay Y a .
(Coordinate) 1)1 Non-Axis Metric 1J1mM5iHUaaon 1952 0UNNAD19994UU X-Y Coordinate
A = = . ' ) Y A o I~
HazoANEININAYIAT (Time Dependence) lumsanamanuseuladenmsiiuiauily
v 4 '
nuuane 1A (Unsteady State) Tassivuaszeznanlumsmiuiaiavun 15 421u4
L~ qu} 9y ogz’ . a ~ £ o o
uyudlu 30 AFY (No. of Steps) 1411815902 (Time Step) 1,800 AU1N HBDIIINMTATUIN
3 s o A A o o
udweaasravonuuilulvanmely 15 1Tus Taouaainn 30 i Wedanaiwdanz1a
o o, A y ) ~
Travanuaeenu 31 MWd sausiaIndsududreTaere Tanaruaszd 00000 84 .00030
oy A dwyduy o AL o . Yan
aeheven laae Buaasuusn lumsimuislumeni¥uiunal (Time Accuracy) 1935U04
J [ s o o a
9981897 (Euler, Backward) WY First Order (1" Order) MUUARNNVAUDI9D4 (Pressure
Reference) 10,000 HIAUADAIIUUAT 30 1 ANUAUUITENA (1 Bar) Hneanunluszuu
o 1 ;l v A I~ o S A v A [}
msmuaae lldmanusuivaassalullsupsuaziluanudumnane anuaun lusiy
ANUAUDITOINA 1@BAAUMS k-Epsilon Tumssiuaums lnanvuilutlu laa Turbulent

"o &£ & A 9 oy
Prandtl No. 1101y 0.9 G]NLﬂu?ﬂlin@uﬂlﬂﬂiﬂillﬂiuﬁ]glm’l (Default)

1123 MsmmuanaaNiAve1ag
o A av Y a Y 9
msfmuaguauiavesvedlunalusmiseldauyd Wnsw T lwaniumslua
9 ] a 9 o 1 wAa 1 @ @ A g @ Y
YBIDIMATOUNIUADIDTABIMHUAMANaNTAA1Y  veaTaafiuoimeiedudiuslylu
] E4 9
m3fua Wedsiuaeutisgnuingvzi Irqulunuuiiaeseg 2 Volume v Volume 13n
o <3| . S A = =2 o @ <
SruaiilueIma (Air Volume) @1dgd iiofnm1dedanbaizns na M13nszaienivedndus)
A [ = o Y <= a . a A
1aLQUNYNNINAIE BA Volume Mrualviluveyanfe 85 (Brick Volume) A179 1o
= = 1 9 9 19 a d‘ 1 [ d' 1 9y Ao d' 1
AnydamstemaNueuigouagnaine aelu g1 .10 daduadinedseuuen
=)
1

o I o Ao )
gasmualiiumis (Wall) Aldnyuziilunuiu
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iR SR SIS
T T

miﬂmuﬂhaﬂmﬂummllwamamammuummmmllﬂﬁm fd]@ NHUUAIN

@

Tdsunsu CFD-GEOM 'ﬁi@ Mrua1nldsinsy CFD-ACE ﬂulﬂ mamsﬁ’uﬁ Qﬁ'\ilﬂ@lvlﬂ@ﬂ’ﬂ

'
A o

Lé’luﬂﬂui ‘Vi’JNI’mﬂﬁﬂﬁT’JmJl!uﬁWﬂ‘Vﬂﬂ”li’ﬂﬂNﬂ’J‘ﬁﬂ@ umwau L‘Hﬂ’ﬂll 50 ligenu L’cgf}H

v E4
v A

Aduivz luiludumesila (nterface) tazvinliidudwmesmeaas luaunsaiinmssiuim
Y A o < Y Y A = a Y 9 o
18 iilemmuaaiaudinasullsunsuaiesdodinnuianaalumsandu fewiims
1 s A o 2 A 1 o 1
udlvanTysunsu CFD-GEOM nouudual Iudieshimadlalmidie lutiflymlaudsein
mmsmvuanuauiauesdag
9 . 0 a A Y o va . <
9IMATOU (Hot-Air) 11IMInanasnNn IguuaImnuanuantia (Properties) 11
. 23 . ] . o I a
wod'lua (Fluid) Uszianiie (Fluid Subtype) AMMMULUY (Density) svuailulodamas
v Y
(Ideal Gas Law) laanimiinTuana (Molecular Weight) 1111 29 Alansuaen lalua Ad¥o
o S . A o 9/ ! o a A
(Gas Material Name) 111101m1#f (Air) tiofrualdinnuruuiun)sduaniugavgiiiein
Y 4 '
gaurigiilumswiudisnsninawe guugiaunadon 27 seruwadod) 19 1,200 099

SFAIFIE ATNANNIT

(P + P I,

1
p= RT Q.1
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o A . . Y o 1 1 U A J
MUUAANNNUA  (Viscosity, &) TaudsAuauanunuiu lagladumanuviiaaail

(Kinematics Viscosity, v ) 1.589E-005 @15 1IMATABIUIN ATUETUNIS

M= pU 1.2

1 o . 1A o a { "o a
A1NNITBUTUNIE (Specific Heat, C,) 1007 gasion lansunadu Al diumidulszansns
o o 3 1 [ A o 4 4 [ °
hanudeus muaiiuansuiaiuwes (Prandtl Number) 0.707 o l¥iaimsiiinnuiou

HlsAUMUAIN NN ATNEUNT

ucC
Pr

k=—2 (1.3)

aunsnmeuazlanuduius 1411 anuvuudu anuwila mahanudeu ualsiu

a

AINYUN YN

U

4 a

. a A a o v . I [
NoUdY (Brick) Aaniaenliguagnnlguivuanuaniia (Properties) Huv9A
A ¥ [
(Solid) §9%0 (Solid Material Name) Brick MHUAANNHUIUY (Constant Density) 4% 3,010

a a

a 4 Al d’ ! d' ) 1 d‘ a d'
A lansuaens1NAs Lqufmﬂ’lﬂﬂﬁnfﬂil,‘]JaEJ’L!ﬂ’NﬂJW’LHLLHHUliJiﬂﬂLﬁJEIQmﬁ@‘mﬂa811!111]

tazdmuamnNuoudume1inaN (Specific Heat (Constant), Cp) 111U 837 J/kg-K AT

11ANU3oUAIN (Thermal Conductivity (Constant), K) (11111 2.32 W/m-K $3a9113199 4.3

1 A ara 4 a
ﬂ1§1\‘lﬁ 1.3 G]"IiNI,L’dﬂ\1?]'m’duUﬂ‘ﬂNWﬁﬂﬁLLﬁgﬂ’NN‘?ﬂuﬂlﬂﬂﬂﬁ

@

aq | qunnil("C) | plkg/m?) | C.(3/kg-K) | kW /m-K) | a(m?/s)x10"

aﬁ 200 3,010 837 2.32 9.29

3.1.2.4 M9 ﬁmuméau‘lmﬁmau (Boundary Condition)

mﬂ‘v‘iWﬂﬁamuuu“lﬁ'gﬂéfﬂw'%uﬁaﬁ (Surface)  WusosapIzHINdTIAT
(Volume) vzgnimualaslilsunsusalud@milu Sumemla (Interface) Fuiluiuirfanse
dammsfnuiuSinasi himideusu 1duamninmsnanuy ligndesdimsdeuiiuiu
voaiui Tsunsuee launsammsdnna ldiazezlosanuiianatn (Erron Mg ma'luld

IS4

L o & o Ao wa & ¥ .
NuAduenvzMruauntis (Wall) Adqauandaduaniuniusou (Insulation, Subtype:

a
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1 o o 4 o I
Adiabatic) AaN1IIMIMKHAReU I (BC type: Inlet) MruannusImatnlaedon
Ao a . . < . .
NNAB1994 (Flow Subtype: Fix vel. (Cartesian)) AMI5INUT192T1010AY Y (Y-Direction
Velocity: Constant) Tua1u3de lasmuaveuwamsanu las/asusasims Inavesornalu
1 a [ 1 ) 1 A [ I
szuuld 3 a1 Ao 200, 400 taz 600 Alansudedalue uaielaaluTdsunsudoanlauily
] 1A = <3 o A 1
WieAIA U N30AMI5T (Velocity) THuted tazguugin 15 lunmsm 3 #1 fio 800, 900
1 v Y
1ag 1,000 oeraiFiod 1o 1aa1a199 1drnanaeniuAIf 1 ua BC Setting Mode: General
A Y I 9 (B 3 . . .
nazi@en i umadn (BC Type: Inlet) laAminusiauuuinnu Y (Y-Direction Velocity
a Y a . .
(Constant): V (m/s)) uazqmﬁQummmmuﬂuqmﬁgmm (Temperature (Profile in Time):
o Ay o 1 y 1 3 Y o 1 A
TK) cuuvvdasandesmsmiialuaiuvesms lnailuihuivdeadviua 2 a1 Ao
o 4 . . 2,2 @ ! A W . 2,3
NaI31UIAU (Kinetic Energy, K(m'/s)) LagaaI1aIUNITNIEY (Dissipation Rate, D(m’/s"))
Tuminaaesms lvalug Tnsdauarvesnnududuvesns Inailuilau (intensity turbulence)
9
woglivina 1 895 % luaisell Idauy@n 3% (3% Turbulence Intensity) WAL

' 9
Y1ty (Turbulence Kinetic Energy, K) fuisianaumsae liii
1
K =E(u’2+v’2+w’2) (1.4)

apdnniai dasimslua 600 Alansuaesalue Quugien 800 oarITAITH

a 2 v A A = g 7
NANWANMT UVINNUIU Y uﬂumwaaﬁmﬂuﬁuﬂ

K = %((0.03>< 0) +(0.03x0.3988)¢ +(0.03x 0) )= 7.156E —005m? /52 (3.4a)

aunsammmnasueaiiluihuhguugiuazdaiims nadie Tadeanang

a

a @

M13197 9.4 Kinetic Energy Ngaingiitazonsins 1van1ae

Q

Q (kg/h) T(°C) K(m’/s))
200 800 7.938E-006
400 900 3.179E-005
600 1000 7.156E-005
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MoasaIuMIaza1eaUuilui) I (Turbulence Dissipation rate, D) a13139f112 14010

aunIg

_ K
 Bu

D (.5)

4 U I~ 1 $ [ [ 1 y 1 [

o C, =0.09 1Wumnii, M A= /u Aedandwanuniaiudiudennumiia
4

swFey Tunuitelidmualiliswiny 02 uazamnuruiy (Density) A1UIMIINNY

YDAULDY (Ideal Gas Law, p=P/RT) MANUNIARMIUININ  Sutherland’s  Law

ATY
MR

9 v
Muuaurai i 1 Tasluses sanaiumsazareduuiluilig (Turbulence Dissipation

, for Air 4 = 1.3605e¢-06, and B = 112) u3eisiamsamvuali lilsunsy

rate, D) Myuaily Length Scale %30 Hydraulic Diameter udnlaan Iﬂﬁlﬁ Length Scale 1M
WhAUATeWiiawes Hydraulic Diameter 1Usunsuannsaiimsmuimmmesasidiumsas
arwdiludnlgis 13ui daumesn (BC type: Outlet) hideasiuamliius
SuduesTlsunsy (Fixed Pressure: P=0 T=300) W1NEAILIIATNOONUININNITAIUINIL
faen  fuinlasfimeeenszmilousengussima  (anudueengussemelild

[ Y 7
L‘l/'l'lﬂ”]_lf‘fuﬂ‘ﬂ?ﬂ\?’t’)@ﬂ)

1.1.2.5 MIMHHAAUINAY (Initial Condition)

A @ J 1 o o v Ay o P4

etlosfiumsgoonlusrsusnvesmsdnm  mstmuanisudulumsdunall
A o A&y Yo 1 v da yy Ao Ayyd ° P
w3 enimruaiiedesmsliduiaaenamadnsianls Tuauddedlasumssiuon1in
guugll 30 eermuramed ludunsTUIUMIVRINIKIIIADIM AU UAY 313

a 1 3 [ Y 1 < J o ] v @
29AIARIY  tazmANNS wiumMAaNus i vedazuuuiians  daumwdsnuva
i)y (Turbulence Kinetic Energy, K) midastaiumsaearoauuuiluiiu (Turbulence

4
Dissipation Rate, D) Humruamiewanluasuusn (Inlet)

4.1.2.6 MsmnuadIsmsunifam

MruATBUMIMUIA 1,000 59U (Max. Iterations: 1000) e lrurilaing s
o 3 J 1o a A o ' < 1 o o = a o
Auaniugingfneussalilansuzgduiluge dvuangamsdnuBanadoy 4 &1

11119 (Convergence Crit.: 0.0001) MIFUINAIANNSI (Velocity) ANUHUIUY (Density) 10U
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@il (Enthalpy) msilutn (Tubulence) Smuaiiunsdnamuusiug  (Spatial
Differencing: Upwind) 140N Solvers 11U CGS-Pre Sweeps 50, Criterion 0.0001 1az a1 Inertial
Relaxation ﬁugﬂumsﬁmuﬂmﬁmﬂﬁquimmﬂs?fmf‘imuﬂmﬂﬂizaummfw%mam
fnuaealaedoshnndhlaszuumsdauves CED Figuflasazidenldndnuda

Tuuni 2

4.1.2.7 msvuamsulsunsu
Z dy 1 1< oA 1 J
TudutidrunndluausuduvesTsunsuuaidya TWd (Output File) 1sannsodon
A a o ) 1 A 1 v J
auaidulaiosanlumsdiunalduanisifonmaglddnduosuia (Mass  Flux
4 1 o I~ o .

Summary) @#’Jﬂlﬁﬁ)ﬁi’Ji]tTEI‘]JﬂﬂﬁﬂWU’JmLﬂullﬂﬁnlﬁiJmi?J‘Lgiﬂ‘lthﬂ’iJ’m (Conservation  of

A [l [ o o o Y o "9 1o Y dy Y '
Mass) 1301 ua laen lmnimsdnnuudmadineugingimneungdetivzgnde ua

a 4 d' o Qg: a 1 1 d! o Y 1 1 1 o c\gj
veditlsg Tembiliowanmsfrunaiunanisunisvesaidain1d liuilemansd i aiv
' o ' dy § T < 2 @ .
gndoan3e L 3ehinmsg ldnnamiil Wesmuaniaie wdedunda nasullsunsy (Submit to
A Y A o o d a .

Solver) Tageusaiaon 1Aon 2 1 Av SuLY Save U 1Wa1AY (Submit Job Under Current

Name) #i505151u 118 1na)

v
agvuneumsmmuad walsn e (Quick Start Instructions)

1. Specify the Problem Type Settings.
®  PT --> Modules--> Activate Flow, Heat Transfer, Turbulence
2. Specify the Model Options.
® MO -->Change title to “Kiln Brick”
® MO -->Shared >
O Polar: Non Axismmetric
O Time Dependence: Transient
O Number of steps: 30
O Time step: 1800 s
O Time Accuracy: Euler (1" Order)
® MO -->Turb.

O Turbulence model: K Epsilon
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3. Specify the Volume Condition Properties.

®  VC --> Fluid properties:

0]
(0)
o
o

Density Ideal gas Molecular wt. 29 kg/kgmol
Viscosity (Constant kinematic) Nu 1.589E-005 kg/m-s
Specific Heat (Constant) Cp1007 J/kg-K

Thermal Conductivity (Prandtl Number) Pr 0.707 W/m-K

®  VC --> Solid properties:

0]
0]
(0)

Density (Constant) Rho 3010 kg/m3
Specific Heat (Constant) Cp 837 J/kg-K

Thermal Conductivity (Constant) K2.32 W/m-K

3. Specify the Boundary Condition Values.

| BC->
0]

(0]

Inlet

Flow V= 0.3988 m/s Temperature (profile in time)
Turb. Kinetic Energy (Constant) 7.156E-005 m’/s’
Hydraulic diameter 0.59 m

Outlet

Flow Fixed Pressure P=0 T=300

Turb Kinetic Energy (Constant) 0 m’/s’

Hydraulic diameter 0 m

5. Specify the Initial Condition Settings.

" C->
(0]
(0]
0]

Initial Conditions: For All Volumes
IC Sources: Constant
Flow U=0 V=0.3988 P=0 T=313

Turb. K=7.156E-005 m’/s’ H,=0.59 m

6. Specify the Solver Control Settings.

®  SC--> Shared

(0]
(0]

Max. Iterations = 1000

Convergence criteria = 0.0001

7. Specify the Output Options.

Out --> Print --> Mass Flux Summary
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8. Run the Simulation.
®  Run--> Submit to Solver --> Submit Job Under Current Name
9. Post Processing the Simulation.

®  CFD-VIEW can be used to post-process the solution

1.1.3 YuneunaImsszalana (Post-Processing)
d' o [ 1 Y o’/} d‘ 1 ua/l 9 Y
Womvuaniiaee aslulisunsy CFD-ACE uaimuduaouiina1ninnavuadnsdu
o ° o { Y ¥ v a '
Tdsunsuazimsmuamiaieg e laden 13 lumsudssuvaumsiisadinvuialvg)
ad Ay v ' Y = A . . ) z
aasmsd lanan M Tagazidenluund 2 52821781 (Computational Time) lumsfiuiaiu
dg‘ (Y] 1 ~ Y o = ana o o =3 a o =
YuegnugUieilymn ldiimsanywazdalunmsdinaiurnedanamns ngnasu
] Ay Y Y o Aaa Aaa ' ° A 9 oo of ]
Tldreluauideldaasienauy 2 4@ uag 3 4@ woluuudiaesiasieun 2 Ta duldna
o A = o 1 1< aa :;I Y 9 =2
Tumsammalszuna 30-35 1 donilauuiiaed uaiinduuny 3 58 Huszaselsnains
Y Y Y

@ ' % o @ @ 4 a J v J
Uszanm 3-4 3 mwﬁmummm Tl\iﬁﬁuﬂﬂﬂ'ﬂllﬁﬁﬂiﬂ‘llf)\uﬂ%!f]\?ﬂ@NW’JL@f)i@gl}'JEJ Huu

KX A A

o o aa 1 A 9N ¥ = Y o
mawailsgmsviai@eniinmsmiuranuy 2 46 newne 1 lanswdwua Tidunewi 1y
Awaluuy 3 148 eanszeznan lumsdiuiu tazfiaaderanainnnmshimuaniale

g : ®
Talsunsy CFD-VIEW ludnwitaTilsunsuluTilsunsugaves CFDRCT 1oaldlu
o [ a a o v A
msuaaswamsaauiunmnslilnd viedeyadedauayldluTdsunsu@eadu 35ms1e
= U 9 a ~ . ®
Tagazidead 130011 189 1nAIM0E7 (Tutorial) Yo 11s1N31 CFDRC  10a1AZHAYDING
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Simulation of Hot Air Flow in Brick Kiln Using Computational Fluid
Dynamics.

Pisit nakpasert and Det Damrongsak
Department of Energy Engineering Faculty of Engineering and Department of
Mechanical Engineering Faculty of Engineering, E-mail: detdd@yahoo.com,
Chiangmai University, Chiangmai 50200, Thailand.

Abstract

This paper is to investigate the motion and temperature of the hot air stream
inside a brick kiln using computational fluid dynamics (CFD). The kiln with a pile of
curing bricks is constructed in two and three-dimensional model. The two-dimensional
model study the velocity and temperature distribution inside the brick kiln for analyzing
to influence of flow rate and temperature, which are significant parameters in brick
curing process, study to three values of air flow rates i.e. 200, 400 and 600 kgai/hr along
with three values of temperature i.e. 800, 900 and 1,000 °C. The three-dimensional
model is use to study to the flow phenomenon in the curing room. The results show that
the high hot air temperature and flow rate reduce the brick curing time, which results in
the more energy saving.

1. Introduction

Thailand’s brick industries use low cost and production knowledge but large
industries take more investment in production and processionals knowledge that make
higher processional performance and less energy consumption when compare with
small brick industries. Industries that have more waste energy effect to total country’s
resource and expand to anyway.

Curing heat are taken away to high temperature atmosphere, that create “heat
recovery” concept by building four parts kiln for taking heat to worthwhile using. This
research is study to flowing characteristic parts of hot air through bricks for finding the
best temperature distribution by building studied model to save cost and time in real
experiment from computational fluid dynamics.

2.Principle of Brick kiln

Brick kiln’s initial principle bring outside air into cooling room for reducing
temperature of brick, then the air that passed this room get higher temperature from hot
brick and flow to other one rooms for curing by going through firing way to make
higher temperature for combustion, then hot air flow out of firing room to preheating
drying room for making bricks slightly dry respectively. Air temperature from
preheating room is high temperature, after that the air pass to drying room for draining
water. When air temperature pass each room, slightly down and flow out to exhaust to
outside atmosphere, use suction fan to control the air.

AIR WOOD 1 1 ' =
COOLING FIRING FREHEATIN DRYING »
¥ ¥ T

FLUE GAS  wrrince

HOTGAS ookMILE ~

Figure.1. A four-chamber type Brick kiln for this research
The air from latest drying room get lower temperature because it’s flow from
preheating and drying room already, that can be recover heat for useful. Direction of
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wind are controlled by damper that place between junction way and air duct of each
rooms.

3. Math modeling
3.1 Principle and theory of CFDRC®

Solving of flowing problem consist of three component as partial differential
equation boundary conditions and geometry of problem. In addition, solving of flowing
related differential equation system consist of conservation of mass, conservation of
momentum equation and conservation of energy which these equation systems describe
to actually flow. These equations contain to parameter that is derivative from, total
equations called governing equation.
3.1.1 Conservation of mass Equation

As first order differential equation that can explain to existing of mass consist of
three parameter (p,u,v) or called continuity equation which these parameters change all

of flowing domain, can be define as
op | alpu)  alpv) , a(ew) | _ O
ot OX oy 0oz

Can be write in vector form as

op =
o +V.-pV =0 (2)
3.1.2 Conservation of momentum Equation
This equation is derive from Newton’s second Law with relationship between
mass and acceleration

DL ()=~ 9 (), ®3)
63%+§.(p\7v):—%+§-(y§v)+ o, 4)
%ANW.(NW): _g_':+v.(ww)+ A, (5)

3.1.3 Conservation of energy Equation

This equation is derive from first law of thermodynamic state that rate of change
of energy inside fluid element equal with Net flux of heat into element plus rate of
work done on element due to body and surface forces

el S )

+ 6(UT)’X)+ a(VTXy)+ 6(V0'y)+ p‘F \7 (6)
oy O oy

When u is partial velocity in x-axis, (m/s), v is partial velocity in y-axis, (m/s)
w is partial velocity in z-axis, (m/s), p is Density of fluid, (kg/m®)

. < = 8; 8 2~ 6 ‘N - o e a
f is gravity,(m/s®), V=—i+— j+—k and V = |ui +vj +wk
gravity,(m/s”) P> ayJ p ( ] )

In this case assume that perfect gas p=pRT @)
When R is Universal gas constant.

3.2 Modeling
Generating of math modeling by using computational fluid dynamics program
begin of making domain for computation. In this research make domain that feature
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assembly with kiln, especially interested are that simulate curing room, similarly
dimension with real kiln, this research choose model two and three-dimensional.

The model is wrote on CFD-GEOM program by assigning points, them make
lines follow assigned sizes, then set points for making grids, surface and volume. Points
in computational program are assigned by delicateness of grid.

@

‘\ Air volume

1

‘\ Outlet
(a) (b) (C) N Inlet
Figure.2. Modeling (a) Generating grids for two-dimensional model (b) Generating
grids for three-dimensional model (c) Specifying volume math modeling 2 and 3-
dimensional.
Table 3.1 Number of grid are used in model

Side Number of grid square) Side Number of grid square)
1 74 3 7
2 88 4 19

In three-dimensional model for saving computational time, making
model one column of deep because of all of deep set the same form

3.3 Boundary Condition

Computation need to assign boundary condition for computational initial
condition, this research assign initial condition by setting inlet temperature from real
data ten times, then take it to be average data (figure 5) experimental graph burn to
temperature of 900°C, This research change curing method three types by curing at
temperature of 800, 900 and 1,000°C , setting computational hypothesis by assigning
working fluid is hot air flow through bricks is one phase fluid, transient computation,
ideal gas property, initial temperature of 35°C , atmosphere pressure of 1 atm., use K-
& Model equation for solving turbulence flowing problem, adiabatic wall, no-slip wall,
assign inlet velocity 3 values as 0.2658, 0.3988 and 1.329 m/s kinetic energy of 7.948E-
006, 3.179E-005 and 7.156E-005 m?/s?

1,200

1,000

800

600

Temperature, C

400

.0064x - 0.3488x + 172.34
200 4

2
R =0.9915
0 100 200 300 400 500 600 700
Time, min
* No.l No.2 —* No.3 No.4 X No.5
- No.6 + No.7 = No.8 —=— No.9 — avg. curve

Figure.3. Controlling temperature in Brick Kiln
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4. Result
4.1 Flow appearance inside the brick kiln.

The velocity distribution is compared with all simulation. It can be find that the
velocity distribution in the kiln is related with flow rate in the same way the flow rate is
high, the velocity distribution in all parts of the kiln is also high and the temperature is
related with the velocity distribution in the same way too. Similarly, if the temperature
is high, the velocity distribution in all parts of the kiln is high too but it has little effect
if it is compared with effect of flow rate.

wel
85

IDEEEED
IDEOTET
PO EDE
Do EEEn
o s N e

[oEoDon® E

JiEEBRoogd .

ggEseses] | -
(@) (b)

Figure.4. Model at flow rate 600 kg/hr and 1,000°C of combustion temperature (a)
Two-dimensional model at time 30 minute. (b) Three-dimensional at time 7 hours. ()
Two-dimensional model at time 10 hours.

From figure 4(b),(c). It can be find that lowest temperature zone is the bottom
of brick pile. This result is corresponding with experimental data because of the
difference of temperature between top and bottom of brick pile is very different so that
the energy consumption in curing brick is high, due to the brick top and middle of brick
pile can be finish but it can’t be finish at the bottom of brick pile then this kiln will be
operated to the temperature at bottom of brick pile finish.

4.2 Validation

For the correction of created simulation, it is investigated to compare the result
of this simulation. The experimental data is compared with real temperature at 2
positions, which are top-middle and center of brick pile.

1100
1000 -
900 -
800
700
600
500
400
300

1000
900
800
700
600
500
400
300

—— Simulation

Temperature,’C
Temperature,’C

—— Simulation

300 ] —=— Experiment 200 ] —=— Experiment
100 100 4
O 0 ‘ ‘ ‘ ‘ ‘
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time, min Time, min
(@) (b)

Figure.5. Graph is expressed in comparing between simulation and experimental result
(a) in top-middle of brick pile, (b) in center of brick pile.

Form figure 5 (a) top-middle zone of is error from experiment is 15.4 percent
this error is occurred from instrument and measuring position. Form figure 5 (b) center
zone of is error from experiment is 9.5 percent. These errors are occurred from
instrument and measuring position. Because the limit of measuring instrument is that
can’t measure in the middle of brick pile and being simulate in two-dimension, in this
calculation, the effect of flow rate and temperature can make different flow rate from
real simulation at three-dimensions the assumed to be one phase hot air that is different
from fluid in experiment which is mixed fluid with water and air. Second, the velocity is
defined in uniform flow around inlet zone but from result of experiment, the hot air is
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flowed in un-uniform flow because of air flow is flowed across wood pile that is varies
in thickness.

4.3 Effect of airflow rate and combustion temperature

In this research, it is investigated in effect of three flow rate value. Which is
varied in 200, 400 and 600 kg/h and the temperature of combustion is varied in 800, 900
and 1,000°C. 9 simulation is created to find the minimum of curing time and the best
temperature distribution from figure 6 is be find that the simulation that has 600 kg/hr of
flow rate and 1000°C of combustion temperature, can express the minimum of curing
time which is 378 minute or 6 hour with 18 minute. The second minimum is the
simulation, which has 600 kg/hr of flow rate and 900°C of combustion temperature. The
curing time of this simulation is 382 minute or 6 hour with 22 minute. These
simulations use less curing time than original curing brick process. This uses average
curing time in 10 hour. The best simulation is used curing time in 3 hour with 38 minute
then it can be reduce energy consumption and increase productivity in curing brick
proceed.

1000
& 800 | 1
5 600t
o -
S 400 +
E P -
(<5}
=200 A

0 L T T T T T
0 100 200 300 400 500 600
Time,min

—e—200kg/hr8000C ~ —— 200kg/hr9000C ~ —— 200kg/hr10000C
—— 400kg/hr8000C  —— 400kg/hr9000C ~ —— 400kg/hr10000C
—— 600kg/hr8000C ~ —— 600kg/hr9000C 600kg/hr10000C

Figure.6. Is expressed in comparing in varied condition (varied flow rate and varied
temperature), 9 simulations.

From figure 6, it can express in effect of flow rate changing which has more
effect with curing time than combustion temperature. When calculation of simulation is
used minimum curing time, it is considered in temperature distribution inside the brick
kiln between top and bottom of brick pile which is the main problem of this kiln.

300

250 + /,/‘

200 +
150 -+ /
100 + LAV ELTR ST
50 +
0

1200 T
1000 +

800 +
600 +

Temperature,’C

400 +

Temperature difference’C

—— Bottom

200 ¢ 800 Oc 900 Oc 1000 Oc
0 | I e e B FlOW rate' kglhr
0 200 400 600 800 1000
Tire, min —+— 200kg/hr —=— 400kg/hr —a— 600kg/hr
(@) (b)

Figure.7. (a) is expressed in difference of temperature at 3 positions (top, middle and
bottom of brick pile) in the condition that has 600 kg/hr of flow rate and 1,000°C of
combustion temperature. (b) Is expressed in difference of temperature between top and
bottom of brick pile, 9 simulations.
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From figure 7 (a), it can express in difference of temperature between top,
middle and bottom of brick pile. This simulation which has 600 kg/hr of flow rate and
1,000°C of combustion temperature has few difference between top zone and middle
zone of this brick pile but the temperature between top zone and bottom zone is
different in 117.56°C of average value. Next, it is investigated in average different
temperature of entire process in all of simulation. From figure 7 (b), it can be found that
the simulation which has 600 kg/hr of flow rate and 800°C of combustion temperature is
least difference between top and bottom-middle zone which is 96.16°C of average value
because of flow rate and temperature are practical. If the flow rate is high, the
temperature difference is low, if the combustion temperature is high, the temperature
difference is high and then the effect of flow rate has more correlation with temperature
distribution than combustion temperature.

5. Conclusion

The simulation of hot air flow in brick Kkiln using Computational Fluid
Dynamics shows that the temperature distribution inside the brick kiln is correlated with
flow characteristic inside the brick kiln. The temperature is high in the zone that has
high flow rate of hot air. On the other hand, the temperature is lower in the zone that has
lower flow rate of hot air. Inside the brick kiln the hot air flows from right to left and
top to bottom. The temperature distribution inside the brick kiln flows from outside to
inside and top to the bottom of brick pile. The bottom of the brick pile zone has the
lowest temperature.

In addition, the brick curing time is shorter as a result of high combustion
temperature and flow rate of hot air. And the temperature difference between the top
and bottom of brick pile become smaller when the combustion temperature is low and
the hot air flow rate is high.

Therefore, the computational fluid dynamics can be used to estimate the curing
time and temperature distribution inside the brick kiln.
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a

This research is to study the effect of a hot gas outlet position and to investigate the

best thermal distribution inside the brick kiln for developing efficiency of four chambers brick

kiln by creating a numerical model, which is used in fluid dynamic, to solve the partial

differential equations. The numerical model is created by changing the position of the hot gas

outlet. It can be found that the model, that has the hot gas outlet position at the bottom center

of the brick kiln has the best temperature distribution over the brick pile.
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3.1.1 aumiﬁaag%’nﬁma (Conservation of Mass)
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3.1.2 aumiﬁaaginyiumuﬂu (Conservation of momentum
Equation)
y a ol P A o
vlﬂgﬂﬂi%ﬂ‘kiﬁﬂluiﬂmﬂﬂg]ﬂ]@‘ﬂ 2 UOIUIAU  (Newton’s
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