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ABSTRACT

This thesis presents the development of a soybean seed solar dryer by using electric
heater as a co-heat source. Based on an appropriate capacity of the dryer for a farmer group or a
village cooperative, a 200-kg-soybean-capacity dryer has been developed. In the preliminary
tests, the thermal efficiency of a solar collector of the dryer in various weather conditions is
investigated. It is found that the thermal efficiencies of a solar collector for the cases of a blower
turned off are about 36% and 30% in clear sky and clouded sky days respectively. For the cases
of a blower turned on, the results have shown that the thermal efficiencies of a solar collector are
found to be in the range of 50—70% higher than those of a blower turned off.

In the experimental tests of soybean seed drying, the 13% moist “Chiang Mai-60"
soybean seed is used as the tested samples and dried to 9% of final moisture content. Depending
on the flow rate of heated air fed into the drying chamber, the drying time is found to be in the
range of 12—18 hr whereas the electrical consumption is found to be in the range of 0.021—0.059
MJ/kg-hr. Additionally, the testing of soybean seed quality have shown that there is no significant
effect of this dryer on a seed quality indicated from the percentages of seed germination as well as
seed vigor before and after the drying process. Particularly for the percentage of soybean seed
germination, it is found to be in a higher value when compared to the standard of soybean seed

quality of Seed Centre, Department of Agriculture Extension. In average, it is found to be 89%.
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Solar
Time Temperature (OC) intensity U (Tp—Ta)/Gl n

(G)

T, T, T, T, (W/m’)

10.00 315 45.2 54.0 42.8 320 6.380 0.070 35.144
10.15 31.7 46.4 58.6 45.5 405 6.482 0.066 36.947
10.30 2.3 45.5 54.3 45.1 308 6.377 0.075 32.382
10.45 31.8 443 53.1 441 268 6.384 0.079 29.264
11.00 33.5 50.3 64.8 48.3 455 6.600 0.069 34.598
13:15 33.6 54.5 69.3 51.6 375 6.668 0.095 16.524
11.30 327 53.5 66.5 523 478 6.602 0.071 33.320
11.45 33.3 56.5 68.7 54.0 558 6.642 0.063 37.865
12.00 33.9 56.7 70.4 55.1 460 6.685 0.079 26.957
12,15 33.2 55.5 64.9 543 330 6.552 0.096 17.059
13.15 33.2 56.3 68.6 350 445 6.640 0.080 | 27.182
13.30 343 53.5 66.9 52.7 410 6.626 0.080 27317
14.00 333 60.6 68.6 59.2 364 6.623 0.097 15.768
14.15 323 50.7 58.0 51.1 254 6.402 0.101 15.223
14.30 31.9 46.5 53.9 46.5 260 6.352 0.085 26.252
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Solar
Time Temperature (OC) intensity U, (Tp—Ta);'Gl M
(G)
T, i . 1, | (W)

5.00 344 333 56.6 36.6 506 10.219 0.044 35.163
0.15 343 34.9 64.0 44.9 501 8.373 0.059 30.366
9.45 343 57.3 71.8 54.2 695 6.605 0.054 44.359
10.00 32.8 55.4 74.4 55.9 614 6.656 0.068 34.902
10.15 33.2 69.8 85.8 63.5 774 6.903 0.068 33.085
10.30 323 60.9 66.9 376 482 6.459 0.072 33.635
10.45 32.2 58.5 72.4 554 729 6.600 0.055 43.603
11.00 323 58.3 71.8 55.9 542 6.589 0.073 31.984
11.15 333 64.5 83.9 59.3 828 6.845 0.061 38.172
11.30 33.6 71.1 90.8 63.3 866 7.008 0.066 33.709
11.45 33.8 Yl 90.1 65.9 998 6.997 0.056 40.526
12.15 334 65.7 79.8 61.9 1052 6.767 0.044 50.153
12.45 337 68.5 90.6 63.3 877 6.990 0.065 34.648
13.00 334 79.0 103.6 73.8 1034 7.305 0.068 30.402
13.15 34.8 78.0 102.7 73.9 1088 7.285 0.062 34.536
13.30 34.9 80.4 98.7 73.6 1031 7.234 0.062 35.234
13.45 353 76.5 96.2 70.3 909 7.155 0.067 32.064
14.30 344 68.7 79.9 65.5 788 6.781 0.058 40.846
14.45 33.8 64.0 Al 62.0 688 6.709 0.063 37.977
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a A (v a  d o e ar £ =
ﬂ'lTﬂﬂETTJ‘IHJ‘S:Sﬁﬂﬁﬂ1wuﬁ~l€|‘5ﬂ!m\w1ﬂﬂﬂ nsmnﬂﬂwmu ﬂﬂdﬁ’m!!ﬁdllﬂﬂ

TR 11 gaaw 2545 Bps1As Imaaudou 0.15 m's

Solar
Time Temperature {°C3 intensity U, n (T,-T,)/G,
i34 T. T, T, |(G)YW/m’)
9.00 26.9 43.5 43.8 30.3 469 6.134 52.674 0.042
9.20 29.2 44 .4 46.5 31.6 534 6.239 53.529 0.034
9.40 28.9 473 50.3 32.7 584 6.283 54.063 0.033
10.00 28.7 49.3 50.3 33.0 621 6.143 53.847 0.033
10.20 31.1 2.3 53.9 35.1 681 6.467 53.968 0.034
10.40 31.8 239 55.3 36.1 743 6.029 53.707 0.034
11.00 32.0 553 57.7 36.6 811 6.397 53.315 0.035
11.20 31.0 56.0 58.7 37.7 869 6.424 52.916 0.037
11.40 32.4 59.0 60.5 28.9 917 6.343 53.127 0.036
12.00 329 60.1 62.0 40.1 1022 6.633 53.475 0.036
12.20 32.0 59.8 60.9 39.2 1003 6.299 54.848 0.032
12.40 31.9 60.3 60.1 38.6 996 6.414 55.441 0.030
13.00 32.1 61.2 60.4 40.1 1056 6.192 55.186 0.027
13.20 31.8 60.9 59.5 41.1 934 6.241 57.905 0.030
13.40 32.8 59.7 59.2 41.8 865 6.184 57.743 0.031
14.00 32.8 57.8 57.1 41.6 817 6.021 58.402 0.030
14.20 32.2 55.8 55.0 39.7 779 6.161 58.374 0.029
14.40 31.8 53.9 51.6 40.1 652 5.956 57.993 0.030
15.00 32.1 50.7 49.5 39.7 630 5.977 58.787 0.028
15.20 32.5 48.1 474 38.3 517 5.900 54.074 0.034
15.40 323 46.4 459 38.2 438 6.004 57.459 0.031
16.00 324 41.2 39.1 35.5 391 5.924 55.420 0.027
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Solar
Time Temperature (°C) intensity U, (T, TG, n
(G)
T, T, T, T (W/m’)

9.00 29.8 44.6 44.5 31.9 468 5.920 0.031 59.986
9.20 | 31.1 48.4 47.7 33.5 325 5.980 0.032 59.702
9.40 30.6 49.6 49.3 344 594 6.000 0.031 59.193
10.00 30.8 50.7 49.9 34.6 619 6.014 0.031 59.374
10.20 31.6 533 52.2 35.3 684 6.067 0.030 59.579
10.40 32.1 534 53.2 359 751 6.225 0.028 59.710
11.00 32.5 54.4 54.1 36.1 826 6.108 0.026 60.759
11.20 33.2 55.6 55.6 36.5 866 6.143 0.026 60.871
11.40 33.1 54.4 53.6 36.7 891 6.484 0.023 60.609
12.00 342 54.6 54.4 36.9 937 6.648 0.022 60.886
12.20 34.7 54.8 55.2 37.1 977 6.356 0.021 61.942
12.40 337 56.7 55.7 38.2 1024 6.155 0.021 61.834
13.00 34.5 373 56.7 40.1 1035 6.178 0.021 61.500
13.20 32.9 56.3 54.8 394 976 6.134 0.022 61.044
13.40 32.8 54.5 52.2 39.9 882 6.083 0.022 60.951
14.00 33:5 54.2 52.4 40.8 829 6.089 0.023 60.521
14.20 34.0 52.0 50.3 39.7 756 6.053 0.022 61.290
14.40 33.6 518 50.4 40.6 648 6.051 0.026 59.307
15.00 34.8 50.3 48.5 40.0 597 6.033 0.023 60.688
15.20 339 47.5 45.8 33:5 533 5.990 0.022 63.450
15.40 34.4 46.8 45.2 39.7 449 5.994 0.024 59.731
16.00 33.8 42.5 42.4 38.1 387 6.007 0.022 60.355
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Solar
Time Temperature (OC) intensity U, (TP-Tﬁ)/Gt M
(G)
il I T, T (W/m")

9.00 28.5 50.6 41.1 31.8 455 5.864 0.028 60.420
9.20 28.9 325 41.8 32.1 528 5.890 0.024 | 61.469
9.40 29.5 46.6 41.4 30.4 576 5.865 0.021 63.654
10.00 30.5 47.4 43.6 31.6 619 5.910 0.021 63.333
10.20 30.7 49.4 449 32.1 694 5.935 0.020 63.377
10.40 315 51.2 45.8 3.5 733 6.104 0.020 | 63.338
11.00 31.7 51.0 47.2 332 801 5.984 0.019 63.554
11.20 31.3 33.3 46.5 32.1 866 5.981 0.018 64.277
11.40 31.8 534 47.4 334 930 6.340 0.017 63.357
12.00 31.8 53.6 48.6 33.6 981 6.359 0.017 63.179
12.20 32.6 54.8 49.2 33.6 1023 6.040 0.016 64.446
12.40 32.1 55.2 48.5 33.8 1054 6.029 0.016 | 64.482
13.00 322 54.7 47.8 347 979 6.016 0.016 64.173
13.20 33.2 52.3 47.4 35.7 925 6.004 0.015 64.313
13.40 325 53.2 46.5 36.3 851 5.990 0.016 63.612
14.00 36 0.7 45.6 37.3 820 5.967 0.016 | 63.498
14.20 32.1 49.8 44.1 37.0 764 5838 0.016 | 63.444
14.40 32.7 47.5 42.7 36.3 654 5.925 0.015 63.826
15.00 32.6 46.3 41.6 354 616 5.912 0.015 | 64.288
15.20 32.7 41.9 397 34.4 536 5.942 0.013 64.974
15.40 324 38.4 38.8 359 442 ’ 6.041 0.014 63.120
16.00 31.6 38.8 37.5 34.8 387 5.957 0.015 63.069
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Time Drying Period Moisture content (%)

(hrs) Sample 1 Sample 2 Sample 3 Average
9.00 before 16.424 16.387 16.321 16.377
10.00 1 15.471 15.578 15.647 15.565
11.00 2 14.856 14.738 14.904 14.833
12.00 3 14.159 14.306 14.211 14.225
13.00 4 13.658 13.476 13.798 13.644
14.00 5 12.954 12.647 12.799 12.800
15.00 6 11.852 11.766 11.879 11.832
18.00 9 11.103 11.184 11.376 11.221
21.00 12 10.945 10.717 10.921 10.861
0.00 15 10.398 10.466 10.488 10.451
3.00 18 10.226 10.299 10.036 10.187
9.00 24 9.757 9.834 9.905 9.832
15.00 30 8.911 8.832 8.871 8.871
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Time Drying Period Moisture content (%)

(hrs) Sample 1 Sample 2 Sample 3 Average
9.00 before 15.937 16.153 16.455 16.182
10.00 1 15.422 15.458 15.730 15.537
11.00 2 14722 14.899 14.526 14.715
12.00 3 14.068 14.006 14.140 14.071
13.00 4 12.745 13.517 13.800 13.354
14.00 5 13.631 12.896 11.406 12.644
15.00 6 11.365 13.039 12.723 12,375
18.00 9 11.852 11.709 11.290 11.617
21.00 12 11.291 11.525 11.361 11.392
0.00 15 10.612 10.485 11.701 10.933
3.00 18 10.546 10.773 10.585 10.635
9.00 24 11.601 9.434 9.843 10.293
15.00 30 8.782 10.017 8.871 9.224
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Time Drying Period Moisture content (%)

(hrs) Sample 1 Sample 2 Sample 3 Average
9.00 before 16.431 16.428 16.437 16.432
10.00 1 15.930 15.871 15.510 15.770
11.00 2 13.860 15.498 16.054 15.137
12.00 3 13.756 14316 14.797 14.290
13.00 4 14.730 14.699 11.794 13.741
14.00 5 13.234 13.238 13.279 13.250
15.00 6 12.773 12.489 12.487 12.583
18.00 9 12.016 11.865 12.631 12.170
21.00 12 11.399 13551 12.082 11.677
0.00 15 11.029 11.235 12.259 11.508
3.00 18 11.165 11.745 11.235 11.382
9.00 24 10.433 10.604 10.304 10.447
15.00 30 9.611 9.854 10.396 9.954
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Time Drying Period Moisture content (%)
(hrs) Sample 1 Sample 2 Sample 3 Average
10.00 before 12.256 12.371 12.288 12.305
11.00 1 11.874 11.799 11.910 11.861
13.00 3 11.195 11.163 11.258 11.205
16.00 6 10.432 10.663 10.472 10.522
20.00 10 9.781 9.862 9.811 9.818
22.00 12 9.541 9.379 9.413 9.444 o
manageUMIann N UIEaTUESamaes Rsnsimslnaanieu 0.27 m's
il 21 wow 2546
Time Drying Period Moisture content (%)
(hrs) Sample 1 Sample 2 Sample 3 Average
9.00 before 13.469 13.528 13.577 13.525
11.00 2 12.841 12952 12.905 12.899
14.00 5 11.899 12.163 12.084 12.049
17.00 8 11.347 11.165 11.244 11:252
20.00 11 10.633 10.484 10.515 10.544
23.00 14 10.023 9.947 9.889 9.953
3.00 18 9.266 9.311 9.291 9.289
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Time Drying Period Moisture content (%)
(hrs) Sample 1 Sample 2 Sample 3 Average
10.00 before 11.967 11.984 12.142 12.031
11.00 ] 11.825 11.646 11.699 11.723
13.00 3 11.204 11.185 11.070 11153
16.00 6 10.362 10.493 10.311 10.389
20.00 10 9.815 9.700 9.676 9.730
22.00 12 9.463 9.541 9.586 9.530
manageumMsanANNBuEaTUETmEes ons M TnanuTen 0.53 mYs
Suft 20 wwow 2546
Time Drying Period Moisture content (%)
(hrs) Sample 1 Sample 2 Sample 3 Average
9.00 before 12.168 12.347 12.216 12.244
11.00 2 11.855 11.742 11.668 11.755
13.00 4 11.226 11.193 11.199 11.199
16.00 7 10.558 10.643 10.667 10.623
19.00 10 9.879 10.141 10.097 10.039
23.00 14 9.457 9.516 9.402 9.458
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Time Drying Period Moisture content (%)

(hrs) Sample 1 Sample 2 Sample 3 Average
10.00 before 11.675 11.454 11.543 11.557
11.00 ] 11.456 11.381 11.366 11.401
13.00 3 10.788 11.120 10.943 10.950
16.00 6 10.526 10.367 10.411 10.435
20.00 10 9.822 9.748 9.845 9.805
22.00 12 9.708 9.536 9.614 9.619
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EXPERIMENTAL STUDY OF PERFORMANCE OF HEATED AIR FORCED
CONVECTION SOLAR SEED DRYER

ar d 1Y r's 1 ar q‘ a2 a d w 3
YNNIV UNINGT |, IVIZ INNYIN - UAS DI1NTU lUﬂal"ﬂ'llﬁzﬂ']Uﬁﬂu

"inAnsnByan, 2 enase, * ddromansansd
MATTAAINIININEAT ALEAAINITNANERT anniumaTulatinszaauinddAnmusa AN

0. ARBINTY LIAAIANTELN NTINNY 10520

unAnga : UITBlAnENanssousdiANFauTaRATEIaR AN TWNARWUT AT LU 1 Fuas
afindifhuunaalinnnafeuinivinme i lunimesssldwdndamassiudastirmasey Tng
AndalszAninawsesunsiuuasiignsnisivasesaniensineg wudidssandniweasuneiuuasly
ad s o v ooa , , - ' ey s e
naidawaangaaniauiiAiagludae 50-70% wariArgandrlunsainliidaimnan aannsmaassan
ANINTUINRATUTIIMABIAINAMNTUENRY 16% AUMABAMNTUGATNY 11% WudReasInsInasy
01 0.53 uaz 0.27 gnunaniuassieduni azldioanlunnsey 30 waz 25 Falue muatay dwmdudinag
11 WAnrearresanANTURERT s IMaaNFau 0.53 gnurAriumssedun? Hauanndndnsinisiva

ausau 0.27 gnuratiumssaduni TaefiAniu 0.044 uar 0,038 winnzaasiafilaniu-dalie musdy

ABSTRACT : This paper presents the results of experimental study on thermal performance of solar
seed dryer which uses the electricity as co-heat source. Soybean was used as tested samples. The
influences of solar radiation and flow rate of heated air on thermal efficiency of a solar collector and
the energy consumption of a dryer were investigated. The results have shown that the thermal
efficiency of the collector in the case of clear sky was more stable than that of the clouded sky.
Furthermore, the thermal efficiency when a blower turned on was found to be in the range of 50-70%
above the case of a blower turned off. The results of drying of soybean from 16% to 10% moisture
content at flow rates of heated air of 0.53 and 0.27 m’/s have shown the drying time of 30 and 25 hr
and consumed the energy of about 0.044 and 0.038 MJ/kg-hr respectively.

Keywords : Thermal efficiency, Flow rate, Heated air, Soybean
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