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ABSTRACT

The objective of this research is to analyze and compare the exergy of the stratified
thermal storage tank (STST) which was designed for five levels. The height of stratified
thermal storage tank is 1.25 meter. This storage tank was used for solar hot water systemn
which has flow controlling of water injection to the tank by using solenocid valve. The setting
temperature controlling for on-off solenoid valve was 60°C. The system test was performed
to compare the exergy of hot water between using solar flat plate and evacuated tube
collectors. The necessary parameters were collected for 1 hour interval from 9:00 am. - 4:00
pm. And the overall exergy and efficiency of the water heater was analyzed. The results
showed that the average different temperature of hot water between each level was about
5.1 °C. The different termnperature of hot water between the top and the bottom of the tank
was 12.4 °C. The highest temperature in STST was 69.5 °C. The average efficiency of STST
with all levels is 8.20%. The overall system efficiency is obtained as 41.0%. The average
exergy of STST while using evacuated tube solar collector and evacuated tubes are 4.37 kW
and 4.24 kW respectively. This STST can be used for prototype in industries. In order to
reduce energy use from the boiler. STST can increase the exergy of the system.,

Keywords : Exergy, Efficiency, Stratified Thermal Storage, Solar Hot Water Heater,
Evacuated Tube Collector
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Fredndayagampithieunsluddlagldiuividnuainduuuniudey
Time L1CO | 2¢O | 13¢CO | 14¢CQ | 15¢Q) | I W/m") | Tout (°C)
9:34:54 27.2 27.4 27.3 27.1 30.9 414.20 39.4
9:35:54 274 276 21.5 213 311 559.97 40.6
9:36:54 273 27.6 213 274 31.2 615.26 41.4
9:37:54 26.8 271 26.3 21.1 30.8 533.83 42.3
9:38:54 27 213 211 21.3 30.7 633.36 43.4
9:39:54 27 27.2 271 273 30.9 627.32 44.3
9:40:54 21.3 27.4 274 27.6 31 632.35 46.1
- 9:41:54 215 27.6 21.6 21.8 31.2 631,35 47
9:42:54 21.5 21.7 21.7 28 30.8 604.20 48
9:43:54 217 27.9 279 28.2 31 596.16 48.8
9:44:54 27.2 27.4 276 28 29.5 657.48 48.3
9:45:54 27.4 27.6 28.1 28.3 29.8 645.42 49.6
9:46:54 269 273 27.8 28.3 29.1 638.38 50.1
9:47:54 21 273 28 28.3 29.4 644.42 505
9:48:54 27.6 27.8 285 28.6 30 612.24 51.2
9:49:54 21.7 27.9 288 28.9 299 604.20 516
9:50:54 27.9 28.1 29.2 29.3 29.9 399.12 519
9:51:54 21.7 21.7 29 29.5 29.9 654.47 514
9:52:50 27.6 21.8 29.1 296 29.7 688.65 51.1
9:53:54 276 27.7 29.3 29.8 29.8 688.65 514
9:50:54 278 28 29.5 29.8 29.7 680.61 52
9:55:56 27.7 27.9 - 29.8 29.9 29.9 687.64 52.3
9:56:56 27.9 28 30.1 30.2 30.2 690.66 528
9:57:54 28.1 28.2 304 30.4 30.4 687.64 533
9:58:54 28 28 30.2 304 303 686.64 53.2
9:59:54 276 278 304 30.5 30.5 687.64 53.1
10:00:54 271 21.3 30.1 30.3 30.2 690.66 528
1001:5¢ 21.1 21.3 30.3 30.5 30.5 685.63 53
10:02:54 268 271 303 305 304 687.64 533
1003:54 21.5 21.6 31.1 31.1 31.1 688.65 53.7
10:04:54 277 27.9 31.1 31.3 31.2 682.62 538
10:05:54 21.9 28.1 314 31.5 316 699.71 54
10:06:54 27.9 28.1 315 317 316 712.78 54
10:07:54 27.7 27.9 315 317 316 697.70 54.1
10:08:54 271.3 2.1 315 31.6 315 667.54 54
10:09:56 27.3 27.6 315 317 31.7 680.61 54
10:10:54 27.8 27.9 32 32.2 32.1 720.82 54.2
10:11:54 28.1 28.2, 32.3 32.3 32.4 732.88 54.5
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10:12:54 216 278 31.9 321 321 741,93 54.4
10:13:54 274 27.6 32 322 32.2 746,96 54.5
10:14:54 207 28 32.5 324 324 747,96 55.2
10:15:54 281 283 32.7 328 328 741.93 55.8
10:16:54 28.1 28.3 32.9 328 329 723,84 55.6
10;17:54 279 28.2 329 32.9 329 755.00 55.5
10:18:54 28 283 33 33 33.2 754,00 55.8
10:19:54 219 283 33.1 33.2 33.2 766.06 56.1
10:20:54 281 284 333 334 334 767.07 56

10:21:54 27.8 28.1 33.2 33.3 33.4 773.10 55.8
10:22:54 274 27.9 33 333 331 784.16 55.6
10:23:54 27.8 283 33.4 33.7 33.6 790.19 56.1
10:24:54 21.6 28.2 334 33.7 336 798.23 56.1
10:25:54 2715 28.1 335 33.7 33.8 811.30 56.3
10:26:54 28.2 8.6 34.2 34.3 34.3 812.31 56.8
10:27:54 278 285 33.9 342 34.1 817.33 57.1
10:28:54 21.7 285 34.2 34.3 34.3 817.33 56.9
10:29:54 279 288 34.4 34.5 34.5 819.34 574
10:30:54 283 29.2 349 34.8 34.9 831.41 574
10:31:54 28.2 293 34.8 34.8 349 818.34 57.8
10:32:54 28 2983 34.7 34.8 349 818.39 57.3
10:33:54 27.6 29 3a.7 34.8 34.8 §34.42 575
10:34:54 28.2 29.6 35.2 35.1 35.3 837.44 51.7
10:35:54 28.1 29.5 35.1 352 353 83543 51.7
10:36:54 276 294 34.9 35 35 800,24 57.4
10:37:54 276 29.5 35 35.2 35.2 803.26 57.5
10:38:54 28.2 30.3 35.6 35.7 357 827.39 519
10:39:54 283 30.6 35.9 35.9 36 808.28 57.8
10:40:54 28 30.3 35.7 35.8 35.8 841.46 58

10:41:54 27.5 30.1 35.6 3538 35.6 84347 57.2
10:42:54 28.1 30.7 36 36 36.1 860.56 581
10:43:54 219 30.7 36 36 36 867.60 517
10:44:54 276 308 36 36.1 36.1 866.59 519
10:45:54 278 30.9 36.2 36.2 36.2 856.54 57.8
10:46:54 283 31.6 36.8 36.8 36.8 858.55 571
10:47:54 283 31.6 36.7 36.7 371 883.68 518
10:48:54 279 315 36.6 36.8 37 892,73 578
10:49:54 214 31.2 36.3 36.7 36.6 886.70 51.2
10:50:54 273 31.3 36.4 36.7 36.8 888.71 555
10:51:54 279 32 36.8 37 377 891.73 55.1
10:52:54 278 321 36.8 36.9 383 891.73 54.5
10:53:54 21.8 322 36.8 36.9 39.4 900.77 54.2
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10:54:54 27.8 32.5 37 37.1 40,2 906.81 54,1
10:55:54 27.5 32.3 36.8 36.9 40.7 907.81 53.9
10:56:54 27.6 32.6 36.8 36.9 415 903.79 53.8
10:57:56 27.1 323 36.3 36.5 417 914.85 53.2
10:58:54 26.9 32.3 36.1 36.3 42.2 919.88 52.9
10:59:54 26.8 32.3 36.1 36.3 42.6 918,87 52.8
11:00:54 27.7 33.2 36.7 36.7 43.6 919.88 53.4
11:01:54 28 33.8 37.2 37.1 44.5 922.89 539
11:02:54 28.2 34.2 37.4 373 45.1 927.92 54.1
11:03:54 278 34 37 37 45.3 93797 54.1
11:04:54 28.2 30.4 37.3 371 45.8 936.97 54,5
11:05:54 28 34.4 37.1 371 46 955.06 54.5
11:06:54 28.3 35 37.6 37.3 46.8 953.08 54.9
11:07:54 28.2 35 37.4 37.2 46.8 959,08 55
11:08:54 28.6 35.5 38 37.8 47.5 956.07 55.5
11:09:54 28.5 35.4 37.6 375 47.7 952,05 553
11:10:54 28.5 35.6 37.6 37.4 47.9 946.01 55.1
11:11:56 28.7 35.8 376 37.5 48.3 951.04 55.1
11:12:54 285 35,7 375 37.4 48.7 957,07 55.1
11:13:54 28.5 359 37.5 37.4 48.9 958.08 55.1
11:14:54 28.8 36 37.4 373 48.9 959.08 55.2
11:15:54 283 35.8 37 37.1 49 962.10 55.4
11:16:54 28.1 35,7 36.9 37 49 966,12 55.1
11:17:54 286 36,1 373 37.2 49.6 967.13 55.2
11:18:54 293 36.8 37.8 37.6 50.2 970,14 55.8
11:19:54 29 36.5 37.4 37.5 50.2 962.10 55.7
- 11:20:54 29.8 371 37.8 37.7 50.7 966.12 56.6
11:21:54 30 37.2 37.9 37.7 50.8 961.09 56.4
11:22:54 29.8 37.1 37.7 37.6 509 964,11 56.2
11:23:54 29.6 36.9 37.5 37.6 51 964,11 56
11:24:56 29.7 36.8 37.3 375 50.8 947.02 56.4
11:25:54 29.3 36.3 36.9 37.2 50.7 955,06 55.7
11:26:50 29.1 36.2 36.7 37.2 50.9 954,06 55.4
11:27:54 30.2 36.9 37.5 376 51.4 960.09 56.2
11:28:54 3 37.4 37.9 38 51.9 968.13 56.6
11:29:54 311 374 37.8 38.3 521 967.13 56.7
11:30:54 30.4 36.8 37.2 37.9 51.7 970.14 56.4
11:31:54 30,5 36.8 373 38.1 51.7 971.15 56.6
11:32:54 313 37.2 37.4 38.5 523 97517 56.8
11:33:54 31.5 37.3 37.6 38.9 52.5 969.14 57.1
11:34:54 317 37.5 37.8 39.3 52.6 976.17 57.1
11:35:54 318 37.3 37.6 39.4 525 983.21 56.8
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11:36:54 3.4 36.9 37.3 39.6 523 992.26 57

11:37:54 31.8 36.9 313 40.1 525 990.25 56.9
11:38:54 31.7 36.9 371 40.4 524 996.28 57.1
11:39:54 31.8 36.9 37.2 40.9 52.6 996.28 57

11:40:54 321 372 37.3 415 528 993.26 575
11:41:564 32.3 37.1 373 a2 53 992.26 575
11:42:54 32.9 374 37.5 42.6 533 994.27 5719
11:43:54 326 371 31.3 42.9 53.2 992.26 58

11:44:54 32.7 371 37.4 434 533 984.22 58

11:45:54 333 374 37.6 a4 53.7 990.25 584
11:46:54 33.2 372 374 44.3 53.6 994.27 581
11:47:54 33.6 37.3 375 a4.9 53.8 999.30 584
11:48:54 335 37.2 37.5 453 53.8 997.29 584
11:49:54 33.9 374 37.6 45,7 54.1 10:00.30 58.6
11:50:54 334 36.9 37.2 45.9 53.7 993.26 58.7
11:51:54 335 36.9 37.2 46.2 53.9 992.26 58

11:52:54 33.8 37 371 46.6 54 995.27 581
11:53:54 24 371 37.2 ar 54.1 984.22 58

11:54:54 341 36.9 371 a7.1 54 985,22 58

11:55:54 343 36.9 37 47.5 54.1 973.16 58

11:56:54 4.6 312 374 48.1 54.9 977.18 58.2
11:57:54 357 37.9 381 48.8 55.1 983.21 59.5
11:58:54 356 37.8 28 a9 55 v88.24 59.1
11:59:54 353 37.4 376 a9 54.8 983.21 59.2
12:00:54 359 37.8 38 49.6 552 980.20 594
12:01.54 36.1 38 383 49.9 55.4 977.18 59.5
12:02:54 36.6 38.3 38,5 50.3 55.8 980,20 60

12:03:54 36.7 38.2 38.4 50.5 55.8 978.18 60.4
12:04:54 37 38.3 38.5 50.7 55.8 961,11 60.4
12:05:54 36.6 38 38.3 50.7 55.7 964.11 60

12:06:54 359 373 37.9 50.6 55.4 973.16 59.7
12:07:54 36 374 379 50.6 555 983.21 59.7
12:08:54 36 375 38.2 511 55.8 992.26 60.3
12:09:54 36.6 379 38.6 514 56.1 988.24 60.6
12:10:54 37.7 38.4 39.4 51.8 56.9 988.24 61.6
12:11:54 37.3 38.1 39.1 52 56.6 997.29 61.1
12:12:54 36.9 377 38.8 51.7 56.4 1009.35 61.1
12:13:54 36.5 31.5 387 51.% 56.4 1009.35 61.1
12:14:54 371 379 39.2 52.1 56.7 1006.33 61.5
12:15:54 313 38.1 39.5 52.5 571 1006.33 62.1
12:16:59 31.2 38 397 52.7 57.2 1011.26 62

12:17:54 36.9 317 39.6 52.7 512 1006.33 62.4
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12:18:54 36.3 37.2 39.5 524 56.8 1001.31 61.8
12:19.54 36.6 37.5 a0 52.8 573 993.26 62.3
12:20:54 372 37.9 a0.7 531 57.6 992.26 62.7
12:21:54 37.2 37.9 40.8 53.2 57.8 988.24 62.4
12:22:54 371 YN a1 533 57.8 985.22 62,6
12:23:54 37 317 41.3 53.3 577 986.23 62.4
12:24:54 371 37T a1.7 534 57.8 982.71 623
12:25:54 379 38.3 42.5 54 58.5 976.17 63.1
12:26:54 374 38.1 az2.7 53.9 58.2 969.14 62.6
12:27:54 381 38.4 431 54.1 58.8 977.18 62.8
12:28:54 37.5 38 43.1 54 585 980.20 62.8
12:29:54 37 37.6 432 54 58.3 96512 62.6
12:30:54 373 38 43.8 50.3 58.6 974.16 62.5
12:31:54 374 319 44.2 50.3 58.6 964.11 62.9
12:32:54 379 38.3 45.2 54.8 59.1 965.12 63.4
12:33:54 37.6 38.1 45.2 54.5 58.9 966.12 63

12:34:54 383 38.6 a6 549 593 964.11 63.5
12:35:54 378 38.1 45.8 54.7 59.1 961.09 63.5
12:36:54 38.2 38.5 46.8 551 594 958.08 63.4
12:37:54 37.6 38.1 46.7 54.9 59.1 968.13 63.1
12:38:54 37.2 37.8 a6.7 54.7 58.8 970.14 63.3
12:39:54 377 38.3 a7.4 551 59.3 967.13 63.2
12:40:54 374 38.1 47.5 55.1 59.2 965.12 63.2
12:41:54 37.2 38 a7 55.2 593 960.09 63.5
12:42:54 37.3 38 48.1 55.2 59.3 953.05 63.3
12:43:54 3t 38.3 48.6 555 59.6 950.04 63.5
12:44:54 37.6 38.3 a9 55.8 595 949.03 63.7
12:45:54 376 38.4 494 55.8 59.9 950.04 63.4
12:46:54 371 38.2 49.1 55.6 59.5 952.05 63.4
12:47:54 37.7 38.6 49.7 558 59.8 949.03 63.5
12:48:54 38 38.8 50 56 60 944.00 63.6
12:49:54 371 38.3 a9.8 558 59.6 946.01 63.6
12:50:54 36.8 38.1 49.7 55.7 59.4 938.98 62.9
12:51:54 36.7 38.2 49.9 55.8 595 943.00 62.8
12:52:54 371 38.6 50.4 55.9 59.7 944.00 63.5
12:53:54 373 388 50.7 56.2 59.9 945.01 63.4
12:54:54 37.1 38.8 50.8 56.2 60 945,01 63.6
12:55:54 37.8 39.5 514 56.8 60.3 936.97 63.8
12:56:54 378 398 51.7 56.9 605 94501 64.1
12:57:54 37.9 39.9 51.8 57 60.49 933,95 64.3
12:58:54 381 403 521 57.2 60.6 933.95 64.3
12:59:54 37.9 40.5 52.2 57.3 605 939.98 64.5
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13:00:54 37.6 40.4 52.1 57.2 60.4 933.95 63.9
13:01:54 38 40.8 52.3 573 60.6 924.90 64.4
13:02:54 37.6 40.8 52.2 57.4 60.5 919.88 61

13:03:54 37.2 40.6 52.1 57.3 60.3 917.86 63.5
13:04:54 371 40.8 523 57.3 60.3 920.88 63.9
13:05:54 36.9 40.8 52,2 57.3 60.2 921.89 63.5
13:06:54 37.7 41.9 53 57.9 60.7 914.85 64.6
13:07.54 378 42.1 53 58.1 61.1 903.79 64.3
13:08:54 378 423 53 58 61 907.81 64.7
13:09:54 373 423 529 58 60.6 913.84 64

13:10:54 37 423 528 571.9 60.5 920.88 64.1
13:11:54 37.3 427 532 58.2 60.7 921.89 64

13:12:54 37.8 43.6 53.8 58.6 61.1 922,89 64.7
13:13:54 37.5 43.6 53.6 58.5 61 930.93 64.4
13:14:54 37.4 43.3 53.5 58.4 60.8 930,93 64.2
13:15:54 36.9 438 532 58.2 60.6 927,92 64.3
13:16:54 37.8 44.9 54.2 58.8 61.3 921.89 64.8
13:17:54 38.2 453 54.3 59 61.5 915.85 65.1
13:18:54 38 45.5 54.2 58.9 61.4 907.81 65.1
13:19:54 37.8 458 54.3 59 61.6 891.73 65

13:20:54 37.2 455 539 58.8 61 850.51 64.9
13:21:54 37 45.6 53.9 58.7 61 847.49 - 64.3
13:22:54 371 46 54 588 61.2 867.60 64.4
13:23:54 374 46.6 54.4 59 613 910.83 64.1
13:24:54 378 47.1 54.9 594 61.7 909.82 64.9
13:25:54 39 48.3 55.8 59.9 62.4 910.83 65,5
13:26:54 38.9 48.5 55.7 59.9 62.2 901.80 66

13:27:54 38.3 483 551 59.6 61.8 898.76 65.2
13:28:54 38.3 48.3 55 59.5 61.8 898.76 65.7
13:29:54 383 48.6 553 59.7 61.8 898.76 65.3
13:30:54 383 48.8 554 59.8 61.8 891.73 65.7
13:31:54 38.2 48.9 553 59.7 618 897.76 65.2
13:32:54 37.8 48.7 55 59.5 61.4 900.77 64.9
13:33:54 3.7 48.8 55 59.4 61.5 896.75 64.7
13:34:54 37.8 49 55.2 5%.5 61.6 895.75 64.6
13:35:54 38 493 55.3 59.6 61.7 890.72 65

13:36:54 37.8 493 55.2 59.4 61.5 890.72 64.4
13:37:54 377 49.4 55.2 59.4 61.5 892.73 64.6
13:38:54 38.1 49.8 55.5 59.6 61.7 885.69 64.7
13:39:54 3% 50.8 56.3 60.3 62.3 8B7.70 65.4
13:40:54 38.8 50.6 56 60.1 62.1 887.70 65.6
13:41:54 38.9 508 56.1 60.1 62.1 883.68 65.5

40




ey

o, T i o ¥ . e a v P
rumnALh feuTnAtssdehTouwdasaniag ol T founuuwisugumgh

13:42:54 39.3 51.2 56.5 60.3 62.5 880.67 65.5
13:43:54 40.1 518 571 60.7 62.8 877.65 66.1
13:44:54 40.1 518 57 60.6 62.7 880.67 66.5
13:45:54 40.6 521 57.2 60.7 62.9 879.66 66

13:46:54 398 51.6 56.7 60.3 62.2 B79.66 65.6
13:47:54 3%9.4 513 56.3 60.2 61.9 875.64 65.6
13:48:54 40.1 51.9 57 60.4 62.3 873.63 65.7
13:49:54 40.3 521 57 60.5 62.4 868.60 65.7
13:50:54 40.3 52 57.1 60.5 62.3 872.62 65.8
13:51:54 40.6 522 573 60.6 62.4 870.61 66.1
13:52:54 40.4 521 571 60.5 62.2 87262 65,7
13:53:54 40,2 51.8 56.8 60.2 61.8 867.60 65.4
13:54:54 41.6 52.8 57.6 60.9 62.8 860.56 66,5
13:55:54 42.1 53.2 57.9 61.1 63 860.56 66.4
13:56:54 422 53.2 58.1 61.1 63.1 849.50 66.3
13:57:54 425 53.4 - 58.1 61.2 63.2 843.47 66.8
13:58:54 423 53.2 57.9 61 629 836.43 66.2
13:59:54 424 53.3 LY 60.9 62.9 837.44 66.1
14:00:54 43 53.5 58.2 611 62.9 841.46 66.4
14:01:54 431 53.6 58.1 61 63 837.44 66.5
14:02:54 42.9 53.2 57.9 60.8 62.7 836.43 65.8
14:03:54 42.8 531 57.6 60.7 62.6 834.42 65.7
14:04:54 43.8 53.8 58.4 61.2 63.1 83141 663
14:05:54 44.1 54.1 58.7 614 63.2 83141 66.4
14:06:54 44.2 54 58.6 61.3 63 824.37 66.1
14:07:54 44.3 53.9 58.5 61.2 62.9 823.36 66

14:08:54 44.8 54.1 58.6 61.3 62.9 819.34 66.6
14:09:54 a4.7 54 58.6 61.3 62.9 §20.35 66.2
14:10:54 45.1 5¢.2 58.8 61.4 63.1 813.31 65.8
14:11:54 a5 54 58.5 613 62.9 809.29 65.6
14:12:54 44.9 538 58.4 613 62.6 813,31 65.9
14:13:54 455 54.2 58.8 61.4 63 806.27 65.8
14:14:54 45.6 54.2 58.8 61.5 62.9 806.27 657
14:15:54 a5.7 54.3 58.8 614 62.8 808.28 65.8
14:16:54 45.9 54.3 58.7 61.4 63 805.27 66.2
14:17:54 46.2 543 58.8 61.5 63 808.28 659
14:18:54 46,7 54.5 59 61.6 63.1 183.58 66

14:19:54 46,7 54.5 58.9 61.6 63.1 801.25 66

14:20:54 46,9 54.5 5% 61.7 63.1 798.23 65.8
14:21:54 47 506 59 61.8 63.2 798.23 66.1
14:22:54 a7.3 54.7 59.2 61.8 63.3 776.11 66.6
14:23:54 a7.4 54.7 59.3 61.8 63.3 745.95 66.4
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14:24:54 47.6 54.9 59.4 61.8 633 218.16 66.9
14:25:54 48.3 551 59.6 61.9 63.3 790.19 66.2
14:26:54 48.3 55.1 59.5 61.8 63.2 793.20 66.2
14:27:54 48.2 54.9 59.3 61.8 63.2 791.19 66.4
14:28:54 48.9 555 59.7 61.9 63.5 783.15 66.2
14:29:54 49 55.5 597 62 63.4 785.16 65.9
14:30:54 a8.8 552 59.5 61.8 63.2 781.16 66.1
14:31:54 48.6 54.9 59.2 61.7 62.8 776,11 65.7
14:32:54 48.6 54.8 58.9 61.5 62.5 772,09 65.5
14:33:54 48.5 54.9 59.2 61.6 62.1 765.05 65.7
14:34:54 as.7 54.8 59 615 62.5 763.04 66.1
14:35:54 48.9 54.8 59.1 61.5 62.6 755.00 65.8
14:36:54 49 55 59.2 61.6 62.7 758,02 66.3
14:37:54 49.4 553 59.5 61.8 63 749.97 66.1
14:38:54 49.5 55.2 595 61.8 62.9 755,00 66.3
14:39:54 50.5 56.1 60,3 623 63.5 748,97 61.2
14:40:54 50.7 56.3 60.3 62.4 63.6 748.97 67.1
14:41:54 50.7 56.2 60.3 62.4 63.6 747,96 6713
14:42:54 50.7 56.2 60.1 62.3 63.6 740.93 67.2
16:43:54 511 56.4 60.3 62.4 63.7 73791 67.4
14:44:54 51.5 56.7 60.6 62.6 63.9 730.87 68

14:45:54 51.4 56.5 60.4 62.5 63.8 729.87 67.4
14:46:54 51.2 56.3 60.3 62.3 63.6 72585 61.5
14:47:54 51.4 56.5 60.3 62.4 63.8 720.82 6713
14:48:54 51.8 56.9 60.5 62.7 64 716.80 67.4
14:49:54 51.7 56.9 60.6 62.5 63.8 713.78 67.7
14:50:54 52.1 512 60.8 62.7 64.1 71177 67.4
14:51:54 52.1 51.2 60.8 62.7 64 707.75 617
14:52:54 52.2 51.2 60.7 62.7 64 698.70 67.5
14:53:54 52.2 572 60.6 62.7 63.9 681.61 67.3
14:54:54 52.4 57.2 60.8 62.8 64.1 669.55 67.8
14:55:54 52.3 51.1 60.6 62.7 64 653.46 67.2
14:56:54 52 56.9 60.4 62.5 63.8 647.43 66.9
14:57:54 51.9 56.8 60.3 62.3 63.7 659.50 67.1
14:58:54 52.3 57.1 60.5 62.5 63.7 643.41 66.6
14:59:54 52.9 57.6 61.1 62.9 64.2 625.31 67.1
15:00:54 53.3 58 61.3 62.9 6d.4 633.36 67.2
15:01:54 53.1 57.8 61.1 62.8 64.1 621.29 67

15:02:54 52.8 575 60.9 62.6 63.9 619.28 66.4
15:03:54 528 57.5 60.8 62.5 63.8 632.35 66.3
15:04:54 526 57.2 60.4 62.4 63.5 642.40 66.5
15:05:54 53 576 60.9 62.6 63.9 640.3%9 66.2
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15:06:54 529 57.6 60.8 627 63.9 637.38 66.6
15:07:54 531 57.6 60.9 62.7 64 637.38 66.4
15:08:54 533 57.8 61 628 64 633,36 67.1
15:09:54 531 57.8 61 62.8 64 633.36 66.7
15:10:54 53.6 58.2 61.3 62.9 64.1 634.36 66.9
15:11:54 535 58.1 613 62.8 64.1 631.35 67.3
15:12:54 535 58.1 61.1 62.7 63.9 626.32 66.7
15:13:54 536 58.1 61,2 62.8 63.9 617.27 66.9
15:14:54 54 58.4 61.4 62.9 64.1 613.25 67.2
15:15:54 53.7 582 61.2 62.8 63.8 609.23 66.6
15:16:54 531 57.6 60.9 62.5 63.5 609.23 66.7
15:17:54 539 58.2 61.3 627 63.8 605.21 66.7
15:18:54 54 58.3 61.5 629 64 598.17 67.1
15:19:54 539 58.1 61.3 62.8 63.7 599.18 66.6
15:20:54 53.4 57.9 60.9 62.6 63.4 591.13 66.5
15:21:54 53.2 57.6 60.7 62.2 63.2 583.09 65.8
15:22:54 535 57.9 60.9 62.4 634 580.07 66.1
15:23:54 54,2 58.5 61.6 62.9 63.9 574.04 66.5
15:24:54 543 586 61.6 62.9 64 570.02 66.3
15:25:54 50.1 58.4 61.4 62.8 63.7 567.01 66.6
15:26:54 54 58.4 61.3 62.7 63.6 561.98 66

15:27:54 54.1 58.4 61.3 62.7 63.6 55595 66.4
15:28:54 54.2 58.5 614 62.7 63.7 550.92 66

15:29:54 54.1 58.5 614 62.8 63.7 546.90 66.3
15:30:54 54.5 587 61.6 62.8 63.8 543,88 66.1
15:31:54 54.3 58.6 61.5 628 63.8 539.86 66.4
15:32:54 55.1 59.2 62 63.2 64.1 533.83 66.3
15:33:54 54.9 59 618 63 64 529.81 66.1
15:34:54 54.8 58.8 618 62.9 63.9 524.78 66.4
15:35:54 55.1 59 61.8 63 63.9 518.75 66.1
15:36:54 54.7 58.8 61.7 62.9 63.6 519.75 65.7
15:37:54 54.8 58.8 61.7 629 63.6 513.72 65.7
15:38:54 54.4 58.6 61.5 62.7 63.4 506.69 65.8
15:39:54 54.7 58.8 61.6 62.8 63.5 503.67 65.4
15:40:54 55.3 58.2 61.9 63.1 63.7 196,63 65.8
15:41:54 55 59 61.8 63 63.6 493.62 65.9
15:42:54 55.4 59.2 61.9 63 63.7 471.50 65.5
15:43:54 551 59 61.7 63.1 63.6 332.76 65.6
15:44:54 55 58.8 61.6 62.9 63.4 199.05 65.1
15:45:54 55.1 58.9 61,7 629 63.4 179.95 65.3
15:46:54 552 59.1 61.9 63.2 63.5 173.92 64.7
15:47:54 55.2 59.1 61.9 63.1 63.3 170.91 64.4
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15:48:54 54.9 58.8 61.6 62.9 63.3 168.90 63.1
15:49:54 55.1 588 61.7 62.8 63.3 166.88 62.6
15:50:54 55.5 59.2 61.8 63.1 63.3 164.87 624
15:51:54 55.3 59.1 61.7 63.1 63.3 163.87 61.4
15:52:54 55.2 591 61.8 63.1 63.2 160.85 61.2
15:53:54 549 58.8 61.5 62.7 63.1 160.85 59.9
15:54:54 54.8 58.6 61.3 62.6 62.8 158.84 58.3
15:55:54 54.6 585 61.2 62.6 62.8 158.84 58.2
15:56:54 54,7 585 613 62.6 62.8 155.83 584
15:57:54 547 58.6 614 62.6 62.9 155.83 58.1
15:58:54 54.7 58.6 613 62.6 62.8 154.82 58.3
15:59:54 55.2 58.8 61.8 63 63.2 153.82 57.9
16:00:54 54.7 58.6 61.4 62.6 62.8 155.83 579
16:01:54 54.5 58.4 61.2 62.5 62.7 155.83 57.1
16:02:54 54.7 58.7 61.5 62,7 62.9 154.82 57.5
16:03:54 55.2 59 61.7 62.8 63.2 154.82 57.2
16:04:54 55.2 589 61.6 62.7 63.1 152.81 575
16:05:54 55.1 588 61.6 62.7 63 151.80 57.6
16:06:54 54.7 585 61.3 62.5 62.8 148.79 578
16:07:54 54.6 58.4 61.1 62.5 62.7 146.78 578
16:08:54 54.7 58.4 61.2 62.4 62.8 116.78 58

16:09:54 54.8 588 61.4 62.8 62.9 14597 58.3
16:10:54 54.9 58.8 61.6 62.8 63 144.97 59

16:11:54 55.2 58.8 61.6 62.7 63.1 112,76 58.8
16:12:54 55.1 58.8 615 62.7 63 140.75 59.1
16:13:54 551 58.8 61.7 62.8 63 140.75 59

16:14:54 54.8 588 61.4 62.7 62.9 138.74 59.6
16:15:54 54.8 58.6 61.2 62.5 62.8 138.74 594
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Time L1Ce) | L2¢C0) | L3¢ | 4O | L5CO | Ir W/m) | Tout °C)
9:04:54 30.5 30.6 30.6 305 30.5 281.49 357
9:05:54 30.4 30.6 30.6 30.5 30.5 279.48 36.2
G:06:54 30.6 30.7 30.6 30.5 30.5 285,51 36.1
9:07:54 30.6 30.7 30.6 30.6 30.6 300.59 36.1
9:08:54 304 30.6 30.5 30.5 30.5 362.92 361
9:09:54 30.6 30.7 30.6 30.6 30.6 364,93 36.2
9:10:54 30.4 30.6 30.6 30.6 30.5 347.80 36.4
2:11:54 30.5 ©30.7 30.8 30.7 30.7 295.57 36.6
9:12:54 30.5 307 30.7 30.6 30.6 310.65 36.7
9:13:54 30.6 30.8 30.8 30.7 30.7 300.59 36.7
9:14:54 30,9 314 314 31 311 316.68 37
9:15:54 30.7 308 30,7 30,7 30.7 333,77 37
9:16:54 30.6 30.8 30.7 30.7 0.7 313.66 37.2
9:17:54 30.4 30.5 30.5 30,5 0.5 312.66 37.3
9:18:54 30.6 30.8 30.8 30.7 308 317.68 37.5
9:19:54 30.7 308 30.8 30.7 30.8 329.75 377
9:20:54 30.7 30.8 30.9 30.8 309 389.06 37.8
9:21:56 30.6 30.8 30.8 30.8 30.9 445.36 37.8
G:22:54 307 309 31 30.9 31 474,51 37.8
$:23:54 30.6 30.7 30.9 30.9 30.9 483,56 37.9
&24:54 30.7 30.9 31 31 3 44536 38
$:25:54 30.6 30.8 30.9 309 308 469,49 38.1
9:26:54 30.2 30.5 30.7 30.7 30.7 508.70 38.3
9:27:54 30.2 30.6 30.9 30.9 30.7 52277 38.6
9:28:54 30.5 30.7 30,9 30,9 30.9 495,63 38.7
9:29:54 30.5 30.8 311 311 31.1 397.10 38.9
9:30:54 30.8 31 31.2 31.2 31.2 423,24 39
9:31:54 30.8 31 31.2 311 31.2 34784 39
9:32:54 30.9 311 313 313 31.3 352.87 393
9:33:54 30.6 30.8 311 311 311 356.89 39.8
9:34:54 30.7 30.9 3t.2 311 31.2 4a66.47 304
9:35:54 31 311 314 31.3 314 468.48 40.1
9:36:54 30.7 31 313 313 31.3 489.59 39.6
9:37:54 30.8 31.1 31.4 31.4 31.4 408.16 40.2
9:38:54 30.9 311 314 31.4 315 427.26 399
9:39:54 309 31 31.3 31.4 31.5 447.37 40.3
9:40:54 30.6 30.8 31,3 313 313 421.23 40.3
9:41:54 30.4 30.8 21.3 313 31.2 457.42 10.8
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9:42:54 30.6 309 31.5 315 315 465.47 40.9
9:43:54 30.7 309 314 315 31.5 436.31 40.6
9:44:54 308 31 315 315 315 437.32 40.6
9:45:54 308 31 316 316 316 532.82 40.9
9:46:54 30.7 30.8 314 315 35 44938 41.2
9:47:54 30.8 31 31.6 31.7 Ny 506.69 41.3
9:48:51 31.1 31.3 31.7 31.7 31.9 457.42 41.3
9:49:54 31 313 31.8 31.8 31.8 435,31 41.4
9:50:54 30.6 30.9 316 31.6 316 436.31 41.5
9:51:54 30.4 30.8 316 316 315 423.24 42.1
9:52:54 30.5 30.7 316 316 31.7 403.14 41.8
9:53:54 30.6 309 317 3T 31.8 52277 41.9
9:54:54 30.4 30.6 31.6 316 316 630,34 41.8
9:55:54 30.1 304 313 314 31.4 688.65 42.2
9:56:54 30.3 30.6 315 BILF7 31.7 687.64 42.6
9:57:54 304 30.8 317 318 318 686.64 42.8
9:58:54 303 30.6 317 317 51 673.57 42.8
9:59:54 30.5 30.8 32 318 319 709.76 42.9
10:00:54 311 31.3 324 324 32.5 710,77 43.2 .
10:01:54 31 31.2 32.3 322 324 719.82 43.9
10:02:54 30.9 31.2 322 322 32.3 725.85 43,7
10:03:54 309 31.2 323 323 32.4 734.89 43.8
10:04:54 31.1 31.2 324 324 324 744.95 a3.7
10:05:54 30.8 31.1 324 324 32.4 752,99 439
10:06:54 30.9 312 324 32.4 32.5 754.00 44.5
10:07:54 30.8 Sl 324 324 32.4 759.02 44.7
10:08:54 30.8 31.2 32.5 32.6 32.6 762.04 44.5
10:09:54 30.7 31 32.4 324 324 760.03 44.9
10:10:54 30.8 311 32.6 326 32.6 763.04 453
10:11:54 30.8 31.2 32.5 32.6 327 764.05 45.1
10:12:54 30.9 311 327 32.7 328 760.03 45.2
10:13:54 30.8 311 326 32.8 328 780.13 45.3
10:14:54 30.9 31.2 327 329 33 790.19 45.6
10:15:54 31 313 33 33 33.1 793.20 458
10:16:54 30.7 311 33 33 329 793.20 46.3
10:17:54 30.6 31.2 33 33 33 790.19 46.7
10:18:54 30.9 31.2 33 331 331 791.19 46.7
10:19:54 30.5 31 33 331 33 803.26 46.8
10:20:54 30.5 31 33 331 331 802.25 47.4
10:21:54 30.9 31.3 332 333 334 807.28 47.1
10:22:54 313 315 33.6 336 33.8 803.26 477
10:23:54 315 317 338 338 34 795.21 477
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10:24:54 313 Ny 33.8 358 339 803.26 47.5
10:25:54 317 31.7 33.8 33.9 341 813.31 a8

10:26:54 31.1 315 336 33.7 33.8 819.34 47.8
10:27:54 309 313 335 337 337 832.41 a7.7
10:28:54 303 30.7 33 33.3 333 828.39 48.1
10:29:54 305 31 333 335 33.6 829.40 47.8
10:30:54 30.7 313 33.7 33.8 338 807.28 48.5
10:31:54 3 317 34.1 34.1 34.2 807.28 48.6
10:32:54 313 318 344 34.5 34.6 828.39 as

10:33:54 30.9 31.6 34.1 34.2 343 845.48 49.1
10:34:54 311 316 343 34.4 34.5 846.49 49.1
10:35:54 30.9 31.6 34.3 34.4 344 848.50 49.3
10:36:54 308 316 34.3 343 34.4 839.45 49.5
10:37:54 30.8 31.5 34.2 34.3 34.4 849.50 a9.7
10:38:54 30.9 31.7 343 34.5 34.6 860.56 49.9
10:39:54 31.1 319 34.8 34.9 35 869.61 50.5
10:40:54 31.2 31.8 34.8 34.9 34.8 876.65 50.1
10:41:54 30.8 317 34.6 34.8 34.9 871.62 50.1
10:42:54 31.1 32 35 35 35.1 886.70 50.8
10:43:54 30.7 317 34.7 349 35 885.69 50.8
10:44:54 31.1 319 35 35 35.2 862.57 50.9
10:45:54 311 322 35.2 35.2 353 B78.66 51.6
10:46:54 31 321 35.1 35.2 352 897.76 514
10:47:54 30.7 31.7 35 35 351 893.74 51.2
10:48:54 31.7 328 357 357 35.9 891.73 521
10:49:54 314 325 35.6 35.6 35W1 897.76 51.8
10:50:54 31.3 32,6 357 357 36 909.82 518
10:51:54 31.4 32.6 35.7 35.8 36.1 909.82 521
10:52:54 31.2 32.6 357 36 36.1 910.83 525
10:53:54 31.3 32.7 35.8 35.9 36.1 917.86 52.2
10:54:54 31 32.5 358 359 36 915,85 52.3
10:55:54 307 32.9 358 35.9 35.9 009.82 52.6
10:56:54 30.7 324 35.8 36 359 911.83 53.3
10:57:54 3 327 36.3 36.7 363 909,82 532
10:58:54 31.2 33.1 36.5 36.6 36.8 912.84 53.1
10:59:54 30.9 328 36.3 36.6 36.7 917.86 53.2
11:00:54 31 33 36.5 36.6 36.8 923.90 53.7
11:01:54 30.6 328 36.4 36.1 36.4 929.93 535
11:02:54 31 331 36.8 36.8 36.9 92993 53.9
11:03:54 313 334 371 37 37.2 930,93 54.2
11:04:54 315 33.6 373 373 37.5 932.94 539
11:05:54 313 335 37.1 37.2 37.4 934.96 54
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11:06:54 31 333 36.9 37.2 374 941.99 54.1
11:07:54 31 334 371 373 374 933,95 54

11:08:54 31 33.5 371 375 373 934.96 54.3
11:09:54 31.1 33.6 37.4 315 375 932.94 54.2
11:10:54 31.4 34 377 378 38 945,01 54.6
11:11:54 316 34.3 381 38.1 38.2 93898 54.6
11:12:54 31.2 34 31,7 37.5 38.2 940.99 54.6
11:13:54 313 34.1 37.9 38 38.2 945,01 55.2
11:14:54 313 30.2 38.2 38.2 38.3 944.00 54.8
11:15:54 315 345 38.2 383 384 936.97 55

11:16:54 31.6 34.6 3B.6 384 38.6 947.02 553
11:17:54 31.5 347 38.5 38.6 38.6 946.01 55.7
11:18:54 317 34.8 384 38.5 38.6 960.09 55.3
11:19:54 31.7 349 38.6 38.6 38.8 969.14 55.3
11:20:54 317 35 38.8 38.8 38.9 970.14 55.4
11:21:54 31 34.7 38.4 38.6 38.6 959.08 554
11:22:54 31.4 34.9 38.7 38.8 389 967.13 55.8
11:23:54 313 35 38.7 39 39 983.21 56

11:24:54 31.1 34.9 38.7 38.8 38.9 982.21 55.6
11:25:54 311 35 39 39 39.1 971.15 56.1
11:26:54 317 354 39.3 393 39.5 977.18 56

11:27:54 31 35 38.8 39.1 391 975.17 56.5
11:28:54 309 352 39 395 39.3 981.20 56.2
11:29:54 317 359 39.7 39.7 39.9 985.22 56.9
11:30:54 317 36 39.9 40 40.1 992.26 56.6
11:31:54 32 36.3 40.1 40 403 1002.31 56.7
11:32:54 319 36.2 40 40.1 403 1001.31 56.8
11:33:54 313 35.7 395 39.9 39.9 1001.31 56.6
11:34:54 312 35.9 39.8 39.9 40 999.30 57

11:35:54 30.9 35.6 39.6 307 39.8 1006.33 56.6
11:36:54 30.8 35.7 39.6 39.9 39.8 1005.33 56.9
11:37:54 316 36.4 40,5 40.4 40.6 1012.37 57

11:38:54 326 37.2 a1 409 41.3 1011.36 51.7
11:39:54 322 37 4.7 40.8 a1 1013.37 57.5
11:40:54 317 36.5 40.6 a0.7 80.7 1015.38 51.2
11:41:54 32 a7 40.8 40.8 40.8 1019.40 57.8
11:42:54 32.3 31.2 41 a1.1 41.3 1026.44 5711
11:43:54 3.7 37 409 40.8 40.9 1027.45 58.1
11:44:54 31.7 37 40.9 40.9 40.8 1016.39 58.1
11:45:54 31.7 371 41 41.1 41.2 1009.35 58.6
11:46:54 324 378 414 414 41,6 1000.30 58.6
11:47:54 326 38 415 414 42.3 1005.33 58.3
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11:48:54 32.6 38 41.3 41.3 429 101337 58.3
11:49:54 32.7 38.1 414 413 439 1023.42 58.3
11:50:54 32.3 38 41.1 41.1 442 1034.48 58.6
11:51:54 32.3 38 41 41.2 45.1 1027.45 58.4
11:52:54 32.9 38.5 414 414 46.4 1037.50 58.4
11:53:54 33 38.6 414 414 ary 1042.53 58.2
11:54:54 333 39 a1.5 41.5 47.9 1042.53 58.6
11:55:54 331 39 -41.5 41.5 48.4 1041.52 58.7
11:56:54 33.4 a9 a1.4 414 48.8 1042.53 58.2
11:57:54 33.6 393 414 41.5 49.5 1051.57 58.2
11:58:54 335 39.2 a1.4 41.4 49.8 1041.52 58.4
11:59:54 335 393 41.2 41.3 50.1 1039.51 58.4
12:00:54 33.4 39.4 41.2 41.3 50,5 1044.54 583
12:01:54 33.5 396 41.3 41.2 51.2 1045.54 58.2
12:02:54 337 39.8 41.4 414 51.4 1043.53 58.5
12:03:54 33.6 39.7 a1.1 41.3 51.6 1052.58 58.6
12:04:54 34.3 40.2 a1.4 415 52.2 1053.58 58.3
12:05:54 343 40.2 41.3 41.3 523 1055.59 58.3
12:06:54 343 40.2 41.2 41.3 526 1053.58 585
12:07:54 33.8 39.8 40.8 40.9 524 1055.59 58.2
12:08:54 33.8 39.8 40.8 40.9 52.6 1055.59 579
12:09:54 344 40.3 41.1 41,2 53.1 1041.52 58.1
12:10:54 34.8 40.7 414 a1.4 53.7 1017.39 58.7
12:11:54 34.7 40.4 41 41.2 53.6 1025.43 58.1
12:12:54 34.5 40.2 40.8 41.1 53.4 1027.45 581
12:13:54 347 40.3 40.8 4a1.1 53.6 1026.404 58.2
12:14:54 34.9 40.4 40.9 a1.1 53.8 1036.49 58.3
12:15:54 349 40.3 40.8 a1 53.8 1045.54 57.8
12:16:54 349 40.1 40.7 40.9 53.6 1059.62 57.8
12:17:54 35 40.2 40.6 40.9 53.8 1067.66 58

12:18:54 353 40.4 40.8 a1 54.2 1069.67 58.1
12:19:54 354 40.3 40,7 a1 54.3 1074.70 58

12:20:54 357 40.5 40.8 a1.2 54.3 1070.67 58

12:21:54 35.8 40.6 40.8 41.2 54.4 1071.68 58.4
12:22:5¢ 36 40.6 40.8 41.4 544 1088.77 58.3
12:23:54 35.8 40.3 40.7 414 54.4 1096.81 58.4
12:24:54 35.9 40.3 40.8 416 54.6 1089.78 58.1
12:25:54 36.7 41 41.4 42.5 55.4 1073.69 58.6
12:26:54 37.1 41.3 41.5 43 55.6 1068.66 59.3
12:27:54 371 41.1 414 43.2 55.7 1070.67 59.1
12:28:54 37.1 a1 413 435 55.6 1073.69 59.1
12:29:54 YN 41.4 a1.7 44.2 56 1077.71 59.2
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12:30:54 376 41.2 a1.5 a4.6 55.8 1077.71 59.7
12:31:54 317 41.1 a41.3 45 559 1072.69 59.2
1 12:32:54 379 11.3 a1.6 454 56.1 1068.66 595
12:33:54 38.7 a2 423 46.9 56.7 1070.67 60
12:34:54 38.3 a4 41.6 46,6 56.3 1067.66 59.4
12:35.54 38.5 417 42 47.1 56.5 1067.66 60.3
12:36:54 383 41.2 41.4 474 56.1 1065.65 59.6
12:37:54 38.2 41 41.2 411 56 1069.67 59.7
12:38:54 38.1 409 411 48.1 56 1065.65 59.6
12:39:54 38.3 40.8 40.9 483 558 1062.63 59.4
12:40:54 38.2 a0.7 40.8 48.6 55.8 1054,59 59.7
12:41:54 39.2 a1.4 a1.7 49.7 56.6 1053.58 59.8
12:42:54 39 41.2 a1.4 499 56.6 1053.58 59.9
12:43:54 39.1 41.2 41.4 50.2 56.6 1058.61 60.1
12:44:54 39.1 41.1 41.2 50.5 56.5 1054.59 59.8
12:45:54 38.9 40.9 a1 50.8 56.3 1048.56 60.2
12:46:54 38.9 409 411 51.2 56.4 1045.54 60
12:47:54 39.2 40.8 41.1 514 56.4 104152 60.4
12:48:59 323 40.8 41 516 56.4 1046,55 60
12:49:54 392 40.7 40.8 51.8 56.4 1041.52 60.2
12:50:54 39.5 40.8 41 52.2 56.4 1044.54 60.1
12:51:54 39.7 40.9 41,2 524 56.7 1035.49 60.1
12:52:54 39T 40.9 41,2 528 56.6 1037.50 60.6
12:53:54 39.7 40.8 41.2 53 56.9 1036.49 60.6
12:54:54 40.3 41.3 a1t 535 57.4 1038.50 60.9
12:55:54 41.4 42.3 42.7 54.4 58.2 1039.51 61.8
12:56:54 41.8 426 42.9 54.7 585 1043.53 61.5
12:57:54 41.2 a2 42.3 54.4 58 1042.53 61.4
12:58:54 40,6 414 41.8 54.3 57.6 1046.55 61.3
12:59:54 40.6 41.3 41.6 54.3 57.4 1050.57 61.1
13:00:.54 40.5 a1 415 54.3 57.3 1059.62 61.2
13:01:54 40.8 415 42 54.6 57.8 1062.63 61.3
13:02:54 40.4 41 41.7 50.6 574 1053 58 61.3
13:03:54 a1.2 a1.7 42.5 55.2 58.2 1044.54 62.2
13:04:54 41.3 42 42.8 55.5 58.6 1046.55 61.9
13%:05:54 40.9 41.6 42.4 55.4 58.2 1054.59 61.7
13:06:54 40.7 41.2 423 552 57.8 1058.61 62
13:07:54 40.6 41 az.1 55 57.7 1045.54 61.6
13:08:54 40.5 41 42.3 55 517 1046.55 61.7
13:09:54 40.8 41.2 42,7 55.2 57.9 1039.51 62
s 13:10:54 41 a1.5 432 55.7 58.3 1036.49 62.1
13:11:54 414 41.8 a3.7 558 58.6 1049.56 62.8
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13:12:54 41.4 42 44 56.1 59 1035.49 62.5
13:13:54 &1 41.5 43.8 56 58.7 1035.49 62.8
13:14:54 40.8 41.2 43.9 558 58.5 1035.49 62.3
13:15:54 40.6 41 a4 55.7 58.3 1038.50 62.7
13:16:54 411 41.5 449 56 58.8 1030.46 62.8
13:17:54 40.8 a41.2 44.9 56 5B.6 1023.42 63.1
13:18:54 40.6 a1 45 558 58.5 1023.42 62.6
13:19:54 40.5 40.9 453 55.8 587 1032.47 63.3
13:20:54 40.9 41.4 46.2 56.3 59.1 1035.49 63.1
13:21:54 40.8 41.3 46.5 56.3 59 1041.52 63.8
13:22:54 423 42.5 48 57.3 60.3 1036.49 64

13:23:54 423 424 483 57.3 60.3 1034.48 64

13:24:54 41.9 423 48.4 57.2 60.2 1034.48 64.3
13:25:54 41.4 41.7 48.3 56.9 5%.6 1029.46 63.6
13:26:54 a1 41.5 48.4 56.8 59.5 1035.49 63.7
13:27:54 a1 413 a8.6 56.7 595 1033.48 63.5
13:28:54 40.9 41.2 48.9 56.6 59.3 1032.47 63.5
13:29:54 40.8 412 49.3 56.7 59.5 1034.48 64

13:30:54 41.1 41.3 49.8 56.9 59.7 1031.47 64

13:31:54 a1.7 419 50.7 513 60.3 1029.46 64.3
13:32:54 41.8 4z 51.2 51.3 60.6 1022.42 64.9
13:33:54 42.8 42.9 52.2 58.1 61.3 1024.43 65.1
13:34:54 42.2 42,3 51.9 577 60.9 1028.45 64.8
13:35:54 42.6 a3 52.7 58.2 61.4 1023.42 65.2
13:36:54 42.1 42.3 523 517 60.8 1025.43 65.1
13:37:54 42.6 42,7 53 58.2 61.4 1026 .44 65.1
13:38:54 423 425 53.1 58.1 61.2 1017.39 65.1
13:39:54 42.1 42,3 53 58 61 1013.37 65.5
13:40:54 41.6 421 529 577 60.7 1014.38 64.8
13:41:54 41.3 41.8 53 57.4 60.4 1018.40 64.9
1%42:54 41.2 41.7 531 57.6 60.8 1016.39 65.4
13:43:54 40.9 a1.7 53.2 57.6 60.7 1017.39 65

13:44:54 40.9 41.8 534 576 60.8 1015.38 65.4
13:45:54 40.8 418 538 517 60.9 1014.38 65.5
13:46:54 40.8 41.6 538 57.7 61 1001.31 65.7
13:47:54 a1.1 41.9 54.1 58 61.4 997.2% 65.7
13:48:54 40.8 42 54.3 58.1 61.4 1006.33 66

13:49:54 40.8 42 54.3 58 61.4 1000.30 65.8
13:50:54 40.8 41.8 54.3 58 61.3 596.28 66

13:51:54 40.8 41.9 54.3 519 61.3 997.29 65.5
13:52:54 40.7 421 54.4 579 61.4 1009.35 66.1
13:53:54 41.1 425 54.9 583 61.8 1001.31 65.8
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13:54:54 41,9 435 55.6 58.8 62.5 1001.31 66.6
13:55:54 41.6 43.4 55.4 58.8 62.2 955,06 66.1
13:56:54 415 435 55.5 58.8 62.1 959.08 66.5
13:57:54 415 43.7 557 58.8 62.3 962.10 66.1
13:58:54 41.9 442 56 59 62.8 953.05 66.4
13:59:54 415 44.2 55.9 59.1 62.7 963.10 66.7
14:00:54 41.2 44,1 55.8 58.9 62.3 962.10 66.4
14:01:54 41 44.3 55.8 58.8 62.3 971.15 66.4
14:02:54 4 44.5 55.7 58.9 62.2 976.17 66.5
14:03:54 41 44.9 558 58.9 62.3 962.10 66.7
14:04:54 40.8 45 55.6 58.9 62.3 958.08 66.2
14:05:54 40.8 45.1 55.6 588 62.1 952.05 66.1
14:06:54 41 45.7 55.8 591 62.5 956.07 66.4
14:07:54 40,9 45.9 56 59.2 62.4 955.06 66.8
14:08:54 41.5 46.8 56.7 597 63.2 943.00 67

14:09:54 41.2 46.9 56.5 59.7 63 952.05 66.8
14:10:54 a1.2 473 56.6 59.9 63.3 954.06 66.9
14:11:54 41.6 at.f 56.8 5%.9 63.3 953.05 67.1
14:12:54 422 48.6 57.3 60.3 63.8 961.09 67.6
14:13:54 42.4 49.3 57.7 60.6 64.2 961.09 67.7
14:14:54 42.5 495 575 60.7 64.2 956.07 67.5
14:15:5¢ 42.3 49.6 574 60.6 64.1 940.99 67.4
14:16:54 a2 49,7 57.2 60.4 63.7 950.04 67.7
14:17:54 a41.5 a9.7 57 60.3 63.6 939.98 67.7
14:18:54 41.2 49.7 56.9 60.2 63.3 935.96 67.2
14:19:54 41.2 49.9 56.9 60.3 63.4 932,94 67.4
14:20:54 41.1 50 56.9 60.3 63.3 927.92 67.3
14:21:54 411 50.3 56.8 60.2 633 933.95 67.4
14:22:54 40.9 50.4 56.8 60.2 63.2 920.88 67.6
14:23:54 41 50.8 56.8 60.3 63.3 921.89 67.2
14:24:54 40.8 51 56.8 60.3 63.3 920.88 67.1
14:25:54 411 513 - 57 60.4 63.4 906.81 67.2
14:26:54 a1.4 518 57.4 60.7 63.9 - B99.TT 67.9
14:27:54 az.1 527 51.9 61.2 64.5 903.79 68.3
14:28.54 a2.5 53 584 61.5 64.8 910.83 683
14:29:54 a2.4 53.3 584 61.7 64.8 895.75 68.5
14:30:54 422 53.2 58.1 615 64.8 893.74 68.6
14:31:54 41.% 532 58 61.5 64.5 891.73 68.3
14:32:54 a17 53.2 517 61.4 64.3 893.74 68.2
14:3%:54 41.9 534 57.9 615 64.4 881.67 68.6
14:34.54 a41.7 53.3 57.7 61.2 64.2 870.61 68.2
14:35:54 41.6 535 579 61.4 64.3 865.59 68.3
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14:36:54 419 53.8 58.1 61.6 64.4 856.54 68.6
14:37:54 42.2 54.3 58.6 61.9 64.7 853.52 69.5
14:38:54 42.3 54.3 58.5 619 64.6 847.49 69.1
14:39:54 42.2 54.3 585 61.8 64.5 852.52 69

14:40:54 42.3 54.3 58.5 61.9 64.6 850.51 69.4
14:41:54 43,2 55 58.9 62.4 65.2 843.47 69.2
14:42:54 43.1 54.9 589 62.4 64.9 841.46 69.2
14:43:54 43 54.8 58.7 62.3 64.8 831.41 69.4
14:44:54 429 54.7 585 62.2 64.8 821.35 68.7
14:45:54 431 54.8 58.5 62.3 64.7 817.33 69

14:46:54 43 545 58.3 62 64.5 811.30 68.4
14:47:54 429 54.5 58.1 62 64.5 801.25 68.7
14:48:54 43.1 54.6 582 62.1 64.4 794.21 68.4
14:49:54 43.2 54.7 583 62.1 64.5 795.21 68.7
14:50:54 435 54.8 58.3 62.2 64.5 800.24 68.3
14:51:54 43.8 54.9 58.5 62.3 64.7 801.25 68.3
14:52:54 13,7 54.9 58.4 62.2 64.6 7197.23 68.3
14:53:54 a4 553 588 62.5 64.8 798.23 68.8
14:54:54 a4.2 553 58.9 62.6 64.9 794.21 69.2
14:55:54 44.8 55.6 5%.3 62.9 65.2 791.19 69.3
14:56:54 45.9 56.3 59.8 63.3 659 784,16 69.7
14:57:54 45.8 56.1 59.7 63.4 65.7 774,10 69.8
14:58:54 459 56.2 59.8 63.3 65.6 769.08 69.8
14:59:54 45.9 56.1 58.7 63.3 655 770.08 69.9
15:00:54 46.6 56.3 59.8 63.4 65.9 770.08 69.8
15.01:54 46.4 559 59.5 63.2 65.4 772.09 69.7
15:02:54 46.7 56.1 59.7 63.3 65.5 770.08 69.5
15:03:54 46.9 56.3 60 63.5 65.8 757.01 70.3
15:04:54 47.1 56.3 60 635 65.7 756.01 69.8
15:05:54 47.4 56.4 60.1 63.6 65.7 748.97 70.6
15:06:54 47.6 56.5 60.2 63.7 65.7 747.96 70.2
15:07:54 478 56.5 60.1 63.7 65.7 744.95 70.2
15:08:54 48 56.5 60.1 63.7 65.8 749.97 70.7
15:09:54 48.2 56.4 60 63.7 65.8 754.00 704
15:10:54 48.6 56.6 60.3 63.8 66.1 748.97 70.2
15:11:54 48.6 56.4 60 63.7 65.9 732.88 70.2
15:12:54 48.8 56.4 60 63.6 65.8 72283 0

15:13:54 48.9 56.3 60.1 63.6 65.8 717.80 70

15:14:54 49.1 56.3 59.9 63.5 65.8 712,78 70.3
15:15:54 49.3 56.5 60 63.6 65.8 713,78 70.3
15:16:54 49.5 56.4 60.1 63.5 65.8 702,72 70

15:17:54 499 56.5 60.1 63,7 65.8 694.68 69.9
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15:18:54 50.2 56.8 60.3 63.8 66 689.66 70
15:19:54 50.5 56.7 60.3 63.8 66 682.62 70

15:20:54 506 56.6 60.3 63.6 65.8 681.61 69.8
15:21:54 50.8 56.6 603 63.7 65.8 675.58 70

15:22:50 51.5 57.2 60.8 64.1 663 678.60 70.3
15:23:54 51.7 573 60.9 64.3 66.4 678.60 71.1
15:20:54 52 575 61.1 64.5 66.7 676.59 70.7
15:25:54 51.9 573 60.9 64.2 66.4 671.56 70.6
15:26:54 523 57.6 61.3 64.5 66.7 669.55 71

15:27:54 52.8 57.9 61.6 64.7 67 663.52 71.4
15:28:54 52.9 57.9 61.6 64.7 67 659.50 70.9
15:29:54 529 57.9 61.5 647 66.9 655.47 7

15:30:54 535 58,2 61.9 64.9 67.2 651.45 715
15:31:54 53.6 58.3 61.9 64.9 67.3 648.44 711
15:32:54 53.4 58.1 61.8 64.9 67.1 645.42 713
15:3%:50 534 58.1 61.8 64.8 67.1 640.39 716
15:34:54 53.7 58.2 61.9 64.9 67.2 639.39 71.4
15:35:54 53.9 58.2 62 64.9 672 636.37 71.1
15:36:54 53.5 58 61.8 64.8 67 630.3¢ 722
15:37:54 537 58.1 61.9 64.8 67.1 621,29 71.9
15:38:54 53.8 58.1 61.9 64.8 67.1 612.24 72.2
15:39:54 53.8 58 618 64.8 67.1 609.23 72.2
15:40:54 54 58.2 62.1 64.9 67.2 605.21 72.1
15:41:54 54.2 58.5 623 65.1 67.5 600.18 72.3
15:42:54 54.3 58.5 62.3 65.1 67.4 592.14 723
15:43:54 54,3 58.5 62.4 65.2 67.4 585.10 72.3
15:44:54 50.3 58.4 62.3 65.1 674 580.07 727
15:45:54 503 58.4 62.3 65.1 67.4 578.06 724
15:46:54 54.3 58.4 62.3 65 67.3 579.07 72.4
15:47:50 543 58.3 623 65 67.3 579.07 72.7
15:48:50 54.5 58.5 62.5 65.1 675 573.04 726
15:49:54 50.6 585 62.6 65.2 675 566.00 72.8
15:50:54 54.7 58.6 62.6 65.2 675 55595 733
15:51:54 54.6 58.5 62.4 65.2 67.5 509.91 72.8
15:52:54 54.9 58.7 62.6 65.3 678 545.89 72.9
15:53:54 55 58.8 62.8 65.4 678 537.85 73.2
15:54:54 54.9 58.7 62.7 65.4 67.8 529.81 73.3
15:55:54 553 58.9 63 65.5 68 529.81 73

15:56:54 55.5 59.1 63.1 65.7 68.2 526.79 73.1
15:57:54 554 59 63 65.5 68.2 519.75 732
15:58:54 553 58.9 63 65.5 68.1 514.73 732
15:59:54 552 58.8 63 65.4 68.2 507.69 72.9
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16:00:54 55.6 59.1 63.2 65.6 68.3 508,70 731
16:01:54 55.7 593 633 65.7 68.4 502.66 735
16:02:54 55.6 59.2 63.3 65.8 68.3 499.65 737
16:03:54 55.7 59.4 634 65.9 68.5 495.63 735
16:04.54 55.7 59.2 63.3 65.7 68.5 49161 - 734
16:05:54 55.7 59.3 63.3 65.8 68.5 489.59 735
16:06:54 55.8 594 63.4 65.8 68.7 487.58 73.8
16:07:54 55.9 59.6 63.6 66 68.8 483.56 73.6
16:08:54 56 59.7 63.6 65.9 68.8 477.53 [EX)
16:09:54 55.9 59.6 63.5 65.9 68.7 47351 73.7
16:10:54 55.8 59.5 63.3 65.9 68.7 46848 73.9
16:11:54 55.9 59.4 63.3 65.8 68.7 461.45 735
16:12:54 56 59.6 63.5 65.9 68.9 453,40 735
16:13:54 56 59.8 63.6 66 69 445.36 3.8
16:14:54 56 59.7 63.6 66 69 440.33 74.1
16:15:54 56.2 59.9 63.8 66.1 69 437.32 73.9
16:16:54 56.4 60.1 63.9 66.2 69.1 436.31 739
16:17:54 56.8 60.3 64.1 66.3 69.4 430.28 74

16:18:54 56.8 60.3 64.1 66.3 69.3 428.27 74.1
16:19:54 56,7 60.3 64.1 66.3 69.3 422.24 74.1
16:20:54 56.7 60.3 64 66.3 69.3 416.21 74

16:21:54 56.7 603 64 66.3 69.3 405.15 74.3
16:22:54 56.7 60.4 64.1 66.3 69.3 397.10 74

16:23:54 57 60.6 64.4 66.5 69.6 390.07 139
16:24:54 56.9 60.4 64.1 66.4 69.4 382.02 74

16:25:54 56.8 60.3 64 66.3 69.3 375.99 74.3
16:26:54 56.8 60.4 64.1 66.3 69.3 369.96 73.8
16:27:54 56.8 60.4 64.1 66.3 69.3 366.94 3.7
16:28:54 56.9 60.5 64.2 66.4 69.4 362.92 74

16:29:54 57 60.6 64.2 66.4 69.4 354.88 73.8
16:30:54 571 60.7 64.1 66.4 69.5 34583 73.8
16:31:54 571 60.7 64.2 66.5 69.5 324,72 74

16:32:54 57.2 60.7 64.1 66.5 69.5 325,73 73.5

55



wraiiudanysel
Y ¥ L Y A ‘ PO ) - -
A neiamahoundtnuae e dadaiuhfouuctugeg

NMANUIN U
UNATUHEUN ST
a9 “Comparative Analysis of Exergy and Efficiency for Stratified Thermal
Storage Tank with Solar Flat Plate and Evacuated Tube Collectors”
Amusily : Applied Mechanics and Material, ISSN: 1662-7482, Vol.855, 2016,
pp.114-118




Frgradusyset

. ¥ v i H ~ v T &
AU e audai founduudsetiad wiaduiuinuuddugnag

Applied Mechanics and Materlals Subnnitted: 2016-06-19
ISSN: 16627482, Vol 833, pp LL4-11§ ‘Revived: 2016-05-17
dei: 1 0.-4028Anw. sefentific nelAMALE55.114 Aceepied: 2016-08-23
€ 2017 Trans Fech Publicativns. Svwitzerland Online:-2016-10-23

Comparative Analysis of Exergy and Efficiency for Stratified Thermal
Storage Tank with Solar Flat Plate and Evacuated Tube Collectors

Sukruedee Sukchai', Yodthong Mensin and Wikarn Wansungnern

School of Renewabla Engrgy Technology, Naresuan University, Thaifand
sukruedee@hotmail.com

Keywords: Exergy, Efficiency, Siralified Thermal Storage Tank, Flat Plate Collector, Evacuated
Tube Collector

Abstract. In recent vears, solar water heating technology Las got the major imporfance in waler
heating applications, For the efficient and effective working of solar water heaters, siorage: of-the
‘hot water is the inain issue in this water heating technologies. This paper mainly presents the exergy
and efficiency comparison between the solar flat plate water heater and evacuated tube water heater.
Afive level siratified thennal storage tarik-is designed and:developed for this analysis. At each level
of the tank, temperature of lhe water is collecled for each one hour interval from 9:00 to
16:00 hours in both cases and the overall exergy and efficiency of the two waler heaters were
calculated. The average efficiency of all the levels for flal plate and evacuated tube colleciors are
7.91% and 2.20% respectively. The overall system efficiency is obtained as 39.54% for flat plate
and 41.00% tor evacuated (ube solar collector. At each level exergy is calculate for both systems
and the average exergy of all the levels for flat plate collector is 4.243 kW and for evacualed tube
sotar collector is 4,37 kW,

Intraduciion

In recent years, solar water heating (echnology has got the major importance in water heating
applications Hiroughout the world countries. Many renewable energy systems and lechnologies
were developed for waler heating applications fo reduce the fossil fuel consumplion.and greenbouse
house gases emissions into the environment: Based on the type of solar collector, there are two main
classificalions of solar water heaters namcly flat plate solar water heaters and evacuated tube solar
water' lieaters [1). Based on the area of application and the range of operaling temperature solar
waler healers are classified as swimming pool water heaters, built in storage type water healers,
doniestic solar waler heaters and large size solar water heaters for indusirial and community
applications [2]. There ave maiy advantages of flat plale collectors like, both bean and diffused
radiation is vsed, simple instal{ation, no need of tracking and easy operation and maintenance but at
Tigl aperating temperatures thermal losses are more.for fat plate collectors [3]. Evacuated tube
solar collectors are furiher classified as direct flow fubes and heat pipe tubes. To reduce and
eliminafe conduciion and convéclion losses respectively, evacuated tube colleclors consist of & row
of parallel evacuated glass tubes [4].

“From past tew years, many researchers performing the tesearch (o enhance the performance of
storage (anks, effective designing of solar collectors and optimizing the controller to improve the
cfiiciency of the solar water healing systéms [5]. Marco Manzan developed a-imodel for the tank in
lank storage syslem for solarwater Healers. The sysiem contains two tanks in which the smaller
tank contains hot water arid is placed -in a larger tank. The larger tank is filled with buffer and
héating circuit [6]. Meviut Arslan presented & paper on Thermal perforimance of a vestical solar hol
water slorage fank with a manlle hegt exchanger depending on the discharging operation
parameters. This study is used to predict the perforimance of the vertical solar storage tank during
discharging and cotisumption. From (ke results ol this work it is showed that (or the higher Grashof
number the pre estabfished thermal siratification is well preserved to supply the useful tiol water for
usage [7]. The present research paper is about the exergy and efliciency comparison belween the
solar flat plate water heater and the evacuated lube water heater. A stratitied (hermal storage tank is

AJf I'ghts reservad. No parl of contaids of [his papar may be repreduced or ransmited in any forny or by any means vilhoul the watlen permission of Trans
Toch Publications, b Hp.net, (969096737-700916 .04:09;1
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developed witli five levels and the temperatoie is collected at each level [or bolli the water heater
systenis, Efficiency and exergy of the both systems are calculafed for a day from morning 9:00 A.M
{o 4:00 P.M with one hour interval of time.

Materials and Methods

T iTte éxperimental procedures For the experimental procedure, a solar flat plate collector and.the
evacisted tube solar collectors are considéred. The surface area of (he flat platé collector is 2 m2[8] The
evacuated tube solar collector consists of 22 parallel evacunted plass tubes, A siratified thermal Storage
tunk was developed for the storage purpose and whicly consists of five levels from L1 1o L5, L1 is the
lower level of the tank and L5 1¢ the upper leyel of the storage tank. The length. of cach level in the
stratified‘thermal storage taik is caleulated from the equation 1 [8-9].

I AAT
q. = | Cl— ([)
L
where,
¢, = rate of heat ransfer, I
K, = convective lieat transfer coefficient, Boan-K

A =guiface aréa of solar colleclor, ol

Al = temperature difference in the lank, %
AX =length of each level, in

Mathematical Formufation: For (he botl considered solar collectors efliciency m of the overall
systein is calculated with the following equalion 2,

m ¢ {AT)
F—v @
At'f(-'x
whiere,
#r =mass of water in the tank, #r
AT = water temperature at between the top and bottom of the tank, A
Cp = specific heat capacity of water, —— -

kg-K
A, surface arca of solar colleclor, i

(= daily solar radiation per square meler, MEW’

It

The cfficiency at each level of the tank is alse calculated for all the lime intervals and (he
average efficiency of each level is also calculated. The efficiency at each level is calculated from
equatian (3).

1)

7, = 4G, (3)

where,
i =efficiency of " level of the tank, %
mj =massof water]"‘ level of the tank, "’
1j-1 = water temperalure of(_| i)" level of 1lie tank, X
1] =water temperature ij level of the tamk, &

Exergy of the both considered sofar collectors was caleulated from the average exergy of all the
levels of the thermal storage tank. For the exergy analysis, the mass flow rate for both the collectors
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is considered as conslant around 0.02 kg/s. The exergy at each level is calculated from the following
equation (4). The values of h and s are 1aken from the sleam tables.

X, = [th,—h,)~T.(s,5,)) (4

Where,

X; = exergy of j" level of the tank

m; = mass flow rate al j" tevel of the fank

hj =enthalpy of the water alj™ leve! of Lhe tank
hy = enthalpy of lite waler at reference or ambient temperature

o

To =ambient temperature, K

= entropy of the water atj™ level of the tank
= entropy of the water at reference or ambient temperature

Experimental setup and data collection: The stratified thermal storage tank with 1.25 melers
divided into five levels from LI to L5 is connected to data recorder al cach level. To conirol the
flow of hiot water into the storage tank is controlled by two solenoid valves. The solenoid valves are
having automatic contrel over the temperature of the water. 1f the lemperature of the hot water is
more than 600C, the upper solenoid valve will be open by closing the lower solenoid vaive. Il the
temperature is lower than the preset temperature lower valve is opeiied by closing upper valve. The
thermal storage tank and the solenoid valve controlting mechanism are shown in figure 1 and 2 [8].

The thermal storage tank is connected to fat plale collector firsl and atter the experiment was
done with it, evacuated tube collector is connected lo (he thermal storage lank. The solenoid valve
controlling and the mathematical formulation is same for the both solar collectors considered for
this analysis. Different parameters from the environment, storage tank and from the solar collector
were recorded with the help of data recorder and are mentioned in table 1,

The schematic diagram of solar coltector with storage lank is shown in (igure 3 [8].

Table | List of

Tig 1 Stratified thermal storage tank

parameters to be recorded

Pasitions

Parametcis

Environment

T, {(Ambicnt)

S1 (Solar radiation)

Tank

T3k {Level 5; Top)

Teipane (Level 4)

T3 (Level 3)

T2 40 (Level 2)

Tl (Level 1; lower)

Solar Collector

Tl charge (“’ﬂic rou l)

T2ischarge (WaLtST in)

Fig. 2 Solenoid valve controlling mechanism

Fricomest; Tark  Chage
Thwe

R

o Vs e vansaes b, --

L. 1§ﬂ! J
Fig 3 Schematic view of storage tank with
solar collector
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Results and Discussion
The experiment was conducted at School Renewable Energy Technology (SERT), Naresuan
Universily, Thailand in the month of March 2016, Temperalure at the all the levels of tank is
collected from 9:00A.M to 4:00P.M with one hour regular intervals of time. From the obtained data,
exergy and efficiency of both the solar collectors are calculated and represenied in graphs as shown
below.
S Eu-rg:':fmnk \\ilhnFl;;i_plulc mlle:l;; o Vl'irnrgr\: of tank with Ex ;u'llaled tube Wiiﬂi
e eollecior
1280 jf;l
K
i |
Z RN
S |
e o |
4.160) - ERAN)
NS N4 NI XLz XK Nr MW N X170 N
o Faergralexch levedof the fank - Eserpy at rack Jevel of the tank ~ |
Fig 4.a Exergy of lank with Fla( plate collector Fig 4.b Exergy of 1ank with evacuated
tube collector
The exergy at cach level of thermal storage tank for flal plate solar waler heater and evacuated
tube collector is mentioned in the above figure 4. Figure 4 .a shows the exergy for flat plate collector
and the average exergy value of the flat plate system is 4.243kW. Figure 4.b shows the exergy for
evacuated tube collector and the average exergy of evacuated tube system is 4.371KW,
T Eifclengy of fank Wb FPC | T Efckney of kW ETC
B4 - 9.5}
820 P00
EXILO & R
[ & 80
e = 790
# T4 l 700 .
i G40 --- .. : - -
LS [E] L L LI ] 4 n a n
Levehonf Storag dank Lesels of Storag fank
N Fig 5.a Efficicncy of slorage tank with FPC Fig 5.b Efficiency of storage tank with ETC

The elficiency of the siratified thermal storage tank is calculated and the resulis were shown in
figure 5.a and 5.b for flat plate coliector and evacuated tube collector respectively. Tor flat plate
collector combined storage tank, the cfficiencies of cach level from | to 5 are 7.71%, 7.82%,
7.93%, 7.90% and 8.17%. Similarly, for evacualed iube combined storage tank the efliciencies are
7.57%, 8.11%, 8.20%, 8.18% and B.96% respectively from level | to 5. The overall efficiency of
both the systems is calculaled with the help of equalion (2) wilh mass of the water taken as 120
liters. The Nat plate collector system efficiency 39.54% and the evacualed tube collector system
efficiency is 41.00% which is nearly 1% more than that of flat plate solar collector.

The exergy and efficiency of the each level of storage tank with FPC and ETC are compared
separately for casy analysis in the figure 6.a and 6.b.

Fxerpy of (ank at cach Jevel EMicicncy of tank nt each fevel
442 o.50
FE \ pILH
L e T 30
5 —— oS00
1o Tl AT
(11%) w200
ai
1im
o L U " " L3 14 13 12 Ll
Jevelof storage lank Leyeks of Slorug Lnk
=1 —LT —=FpPC —ETC
Fig 6.a Exergy of storage lank with FPC and Fig 6.b Efficiency of slorage tank with FPC and
ETC al each level ETC at each level
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The average cxergy and efliciency of tank from all the levels are 4243 kW and 7.91%
respectively for the stratified thermal storage tank with flat plate solar collector and with evacuated
tube solar colleclor the average excrgy and efficiency of the storage tank for all the levels are
4.371KW and 8.20% respectively.

Conclusion

The present paper discussed aboul the inain solar waler heating technologies like flat plate and
evacualed Libe solar water healers with stralified thermal storage tank: Design considerations,
required parameters for the data collection, Mathemalical formulation to calcutate the éxergy and
efficiency of the both water heaters and the control flow chart bf the solenoid valve are mentioned.
The average -exergy and efficiericy of the storage tank combined with fat plate collector are
4243 kW and 7.91% réspectively and with evacuai¢d fube callector are 4.371 kW and 8.20%
respectively. The efficiencies at each level of the tank from | to 5 with flat plale colleclor are
7.71%, 7.82%, 7.93%, 7.90% and £.17%. Efficiencies for levels 1 to 5 of siralified thermal storage
tank with evacuated tube collector are 7.57%, 8.11%, 8.20%, 8.18% and 8.96% respectively, The
overall efficiency of solar flat plate collector combined-thermal storage tank is 39.54% and solar
evacualed tube collecior ¢ombined thermal energy lank efficiency is 41.00%, From the results it is
concluded Mat, stratifid ‘thermal slorage tank with ¢vacuated tubé collector is having more
elliciency and the performaiice of this system is more eflective than that ol storage tank: with flai
phate collector.
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