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The objective of performance study of force convection dryer using solar energy of this research
was to evaluate the performance of dryer system using solar energy by applying force convection
process. To make drying product by using solar energy, working fluid (air) exchanged the heat
from solar plates sized 1.53 mz, inclined 9° to horizontal, hot air flow rate at 0.84 cfm was
circulated in a dryer chamber. The temperature inside the dryer chamber reached approximately 60-
65°C. The result of the experiment showed that the system performance using the force convection
dryer was better than natural drying process. It showed that the weight of products and moisture
decreased in the force convection dryer chamber was faster than the natural drying process. The
weight of products were slightly decreased. The system spent time for Lamellate drying racers 6 hrs.

Lamp used for the natural drying process was about 27 hrs. The overall efficiency of the designed

dryer was 60%.

The Study on Performance of Force Convection Dryer Using Solar
Energy

6

Mr. Sittichai Chainton
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Mechanical Engineering
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5| 11.00 345 384 | 574 56.7 52.6 532 54.8 646.9 4.82 5.80
6 | 1130 357 392 | 592 575 53.8 54.4 55.8
7 | 12,00 362 394 | 608 58.6 543 55.6 56.5 930.2 4.16 5.64
8 | 1230 36.6 401 | 632 61.3 57.1 58.1 59.6
9 | 13.00 374 403 | 63.7 61.6 57.4 58.6 59.9 675.4 3.34 5.52
10 | 1330 36.5 402 | 62.8 60.8 56.8 57.4 58.3
11| 14.00 362 401 | 602 58.7 54.4 55.7 56.6 666.2 2.94 5.32
12| 1430 34.6 384 | 574 55.8 517 524 53.6
13 | 15.00 334 365 | 503 48.8 44.6 453 46.1 586.3 2.64 5.02
14 | 1530 332 362 | 49.4 474 453 46.5 478
15 | 16.00 33.1 356 | 485 46.7 447 457 46.3 525.4 2.58 4.84
16 | 1630 326 342 | 453 439 422 434 44.7
17 | 17.00 322 336 | 406 392 37.8 387 39.6 4523 2.54 4.62

55



MITUNNNANINAADS
A o  2Aq Y 9 1%
NARNNN 1% IuMIeuLre Yanauunian
U 10 10U IHIY W.A. 2550 NDAUTUMMITNAADI 09.00 D9 17.00 .

< a = g’ o a o d Y o Y
AINLTIAY 2.25 IHAT AN U UNUDINAANUNNDOUDULIHE 6 NN. AIDULHN 2.12 NN,

QUNQULAHITY . ey . , Hminves
v AUNUVRIOULNI (°C) AN -
- 99 (°0) Y HanfauA(Ke)
na Nl 104
2 . 28N . 4 o
R C ) Yy Al | 5ad 19§ AN
(01 99N | A1MEN AU | N , Y
LA Y (W/m) | ouuse | uaa
Qo1
1 09.00 30.8 34.7 46.1 43.6 41.1 40.8 41.6 470.7 6.00 6.00
2 09.30 32.1 36.2 49.9 48.9 46.5 46.4 479
3| 1000 335 36.5 54 523 50.4 51.1 51.1 601.1 5.50 5.90
4 | 1030 33.7 367 | 549 532 51.6 51.3 472
5 11.00 33.8 36.8 55.2 53.4 52.1 51.4 43.6 642.2 4.62 5.76
6 | 1130 342 369 | 554 53.8 52.6 51.6 46.9
7 12.00 34.6 37.2 61.5 55 52.8 51.7 51.9 934.1 3.56 5.58
8 | 1230 34.8 375 | 632 57.0 53.4 524 52.8
9 13.00 36.8 37.6 64.4 57.6 53.5 52.5 52.5 1012.8 3.24 5.34
10 | 1330 36.4 374 | 622 56.2 524 51.3 51.3
11| 14.00 357 373 | 612 54.1 514 48.1 50.7 916.3 2.82 4.82
12 14.30 354 37.2 60.3 55.1 51.2 48.1 51.3
13 | 15.00 35.0 364 | 599 514 44.6 423 47.1 723.1 2.34 4.54
14 15.30 34.8 359 53.6 49.7 42.0 40.0 45.1
15 16.00 342 35.8 50.2 46.4 39.9 39.4 43.5 524.9 223 438
16 16.30 334 34.7 443 42.8 38.6 36.7 40.2
17 | 17.00 323 345 | 409 40.2 36.5 354 38.1 184.3 2.12 4.04
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A o  2Aq Y 9 1%
NARNNN 1% IuMIeuLre Yanauunian
U 20 1ADU IIHIY W.A. 2550 NDAUTUMMITNAADI 09.00 D9 17.00 .

< a g’ o a o d Y o Y
AIULIIAY 2.5 !Nﬂi/?ﬂ]ﬁ I UNUDINAANUNNDUDULHN 6 NN, AID UL 1.84 NN,

QUNQULHITY . ey . , Hminves
v AUNUVRIOULNI (°C) AN -
- 99 (°0) Y HanfauA(Ke)
na Nl 104
2 . 28N . 4 o
R C ) Yy Al | 5ad 19§ AN
(01 99N | A1MEN AU | N , Y
LA Y (W/m) | ouuse | uaa
Qo1
1 09.00 28.5 32.6 42.8 415 40.8 40.4 41.1 507.4 6 6
2 09.30 29.3 332 48.1 46.4 44.1 43.7 46.1
3| 1000 30.5 355 | 533 50.7 48.0 47.8 493 556.2 5.4 5.82
4 | 1030 30.8 336 | 552 512 48.4 49.1 49.8
5 11.00 31.4 33.7 57.6 52.3 49.5 50.5 50.5 964.8 4.52 5.28
6 | 1130 33.6 343 | 637 58.1 55.4 55.4 55.1
7 12.00 34.7 353 64.8 59.3 55.0 54.3 52.5 992.2 3.46 4.66
8 | 1230 353 357 | 639 59.5 55.5 54.5 54.8
9 13.00 36.6 36.3 62.4 60.6 56.2 55.0 55.5 1004.7 3.14 4.24
10 | 1330 36.4 346 | 621 55.7 514 51.0 53.1
11| 14.00 35.6 342 | 614 552 49.2 50.9 51.0 907.9 2.62 3.82
12 14.30 353 33.7 59.8 58.8 472 47.6 49.3
13 | 15.00 34.8 335 | 573 51.6 46.2 46.4 484 739.6 2.24 3.68
14 15.30 34.6 333 532 48.8 39.6 429 44.1
15 16.00 34.4 32.8 51.3 48.5 41.8 41.7 452 575.5 1.92 3.58
16 16.30 332 325 47.2 454 41.7 425 43.0
17 | 17.00 32.1 311 | 408 40.5 40.2 40.2 40.1 145.7 1.84 3.52




MITUNNNANINAADS
A o  2Aq Y 9 1%
NARNNN 1% IuMIeuLre Yanauunian
Ui 21 10U IHIY W.A. 2550 NDAUTUMMITNAADI 09.00 D9 17.00 .

< a = g’ o a o d Y o Y
AINLIIAN 2.05 INAT/IUIN HIHUDNUVDINAANUNNDUD ULV 6 NN. UAIDULIYII 2.48 NN,

QUNQUIIITY . ey . , Hminves
. gAUNUVRIaULNY (°C) RGN -
- 98 (°0) Y HanSHUN(Ke)
na QuUUQN RGN
24 . 280 . 4 o
R C ) v ATy | 5ad 19§ AN
W1 | een | aman AUUY | N , Y
g Y (Wm) | ouura | uan
Qo1
1 09.00 29.5 313 45.0 42.6 40.9 40.3 412 3335 6.00 6
2 09.30 30.7 31.8 47.1 44.1 41.7 40.7 42.5
3 10.00 321 34.0 52.8 47.7 45.8 46.5 47.0 508.5 5.64 5.92
4 | 1030 32.5 345 | 568 51.1 487 49.7 489
5 11.00 333 34.6 62.1 54.3 50.5 51.5 51.8 910.8 4.80 5.68
6 | 11.30 34.1 352 | 647 56.8 522 53.0 53.5
7 12.00 34.4 355 65.3 57.6 52.6 54.1 54.9 1010.4 4.36 4.86
8 | 1230 34.2 357 | 655 57.8 52.8 55.0 55.8
9 | 13.00 356 359 | 66.1 58.6 53.6 56.6 56.9 940.7 330 4.44
10 | 1330 35.3 340 | 65.0 54.8 487 48.6 49.2
11 | 14.00 35.0 338 | 624 54.6 483 475 49.1 881.8 2.86 4.22
12 14.30 34.8 33.6 59.4 52.0 44.7 47.0 48.3
13 | 15.00 34.4 335 | 589 49.8 44.4 42.9 460 | 7389 2.66 3.98
14 15.30 34.2 32.4 53.6 472 39.9 39.4 42.8
15 16.00 335 332 49.9 44.6 383 37.7 41,2 531.5 2.58 3.88
16 16.30 33.4 322 44.4 432 36.5 36.6 40.3
17 17.00 32.6 32.0 42.5 423 375 38.4 40.1 280.4 2.48 3.72
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A o  2Aq Y 9 1%
NARNNN 1% IuMIeuLre Yanauunian
Ui 22 10U INHIY W.A. 2550 NDAUTUMMITNAADI 09.00 D9 17.00 .

< a = g’ o a o d Y o Y
AINLIIAN 2.25 INAT/IUIN HIHUDNUVDINAANUNNDUD ULV 6 NN. UAIDULLIYY 2.02 D,

QUNQUIIITY . ey . , Hminves
. gAUNUVRIaULNY (°C) RGN -
- 98 (°0) Y HanSHUN(Ke)
na QuUUQN RGN
24 . 280 . 4 o
R C ) v ATy | 5ad 19§ AN
W1 | een | aman AUUY | N , Y
g Y (Wm) | ouura | uan
Qo1
1 09.00 322 34.8 56.2 49.2 453 46.4 419 603.8 6.00 6
2 09.30 32.4 35.6 57.8 51.3 473 46.5 48.8
3 10.00 33.0 35.7 58.0 522 49.2 51.2 51.7 794.0 5.48 5.86
4 | 1030 33.4 359 | 582 52.6 49.5 513 52.6
5 | 11.00 338 362 | 587 539 503 52.5 527 934.5 4.56 538
6 | 1130 33.9 365 | 59.5 55.0 52.8 53.6 53.8
7 12.00 34.2 36.9 59.9 55.7 523 539 54.2 990.2 3.42 4.86
8 | 1230 34.5 375 | 602 56.6 51.7 54.2 54.6
9 | 13.00 36.7 385 | 60.8 56.8 515 559 54.8 999.5 3.18 4.64
10 | 1330 36.6 354 | 592 56.3 49.6 50.4 49.5
11 | 14.00 35.6 348 | 580 54.7 49.1 50.2 49.2 902.8 278 4.22
12 14.30 353 34.6 56.0 53.1 47.0 49.7 49.0
13 | 15.00 35.0 345 | 556 51.8 46.3 493 482 753.2 2.30 3.88
14 15.30 34.9 343 522 452 42.7 453 459
15 16.00 34.4 342 50.1 44.4 40.9 43.1 452 543.8 2.18 3.68
16 16.30 33.9 33.8 46.8 425 38.8 41.5 42.6
17 | 17.00 337 333 | 421 40.5 39.7 38.8 41.1 303.7 2.02 3.62
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A o  2Aq Y 9 1%
NARNNN 1% IuMIeuLre Yanauunian
Ui 23 10U INHIY W.A. 2550 NDAUTUMMITNAADI 09.00 D9 17.00 .

< a = g’ o a o d Y o Y
AINLIIAN 2.50 INAT/IUIN HIHUNUVDINAANUNNDUD ULV 6 NN. UAIDULIYIY 1.94 NN,

QUNQUIIITY . ey . , Hminves
. gAUNUVRIaULNY (°C) RGN -
- 98 (°0) Y HanSHUN(Ke)
na QuUUQN RGN
24 . 280 . 4 o
R C ) v ATy | 5ad 19§ AN
W1 | een | aman AUUY | N , Y
g Y (Wm) | ouura | uan
Qo1
1 09.00 30.4 31.8 53.1 50.3 49.0 49.9 50.2 451.5 6.00 6.00
2 09.30 31.4 33.0 53.4 50.8 49.1 51.1 52.1
3 10.00 31.6 34.7 54.2 51.1 49.6 49.8 52.5 488.1 5.40 5.90
4 | 1030 33.1 353 | 546 51.9 50.3 50.8 52.9
5 | 11.00 34.5 357 | 552 522 512 519 552 741.1 4.52 5.74
6 | 1130 34.8 380 | 556 53.0 527 533 55.7
7 | 12.00 355 389 | 56.0 54.4 533 53.6 56.2 789.1 3.46 5.52
8 | 1230 36.2 392 | 56.4 55.4 53.6 53.8 56.8
9 13.00 36.7 39.5 57.4 55.8 54.8 55.5 57.3 890.8 3.14 5.28
10 | 1330 36.5 38.1 | 56.4 54.8 53.3 55.1 56.8
11 | 14.00 35.8 37.6 | 559 54.2 51.0 51.2 52.9 775.9 2.62 4.92
12 14.30 35.5 37.2 54.6 52.5 489 49.2 50.1
13 | 15.00 35.0 364 | 53.6 50.6 46.7 47.0 484 | 6707 2.24 4.56
14 15.30 343 36.2 52.4 48.7 44.5 46.0 472
15 16.00 33.9 35.8 49.9 47.2 42.6 44.7 46.0 495.5 2.13 4.36
16 16.30 32.8 35.6 41.8 413 39.2 39.6 40.7
17 17.00 33.0 349 37.2 39.0 37.6 38.6 39.1 285.2 1.94 4.02
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Ident  Friedrichs U3.52 M5.00

Location
Serial No
Sample Rate
Store Rate
Name

Kind

Unit

tmd
091152
Is
600s

TimeDate

20/04/07 06:00:00
20/04/07 06:10:00
20/04/07 06:20:00
20/04/07 06:30:00
20/04/07 06:40:00
20/04/07 06:50:00
20/04/07 07:00:00
20/04/07 07:10:00
20/04/07 07:20:00
20/04/07 07:30:00
20/04/07 07:40:00
20/04/07 07:50:00
20/04/07 08:00:00
20/04/07 08:10:00
20/04/07 08:20:00
20/04/07 08:30:00
20/04/07 08:40:00
20/04/07 08:50:00
20/04/07 09:00:00
20/04/07 09:10:00
20/04/07 09:20:00
20/04/07 09:30:00
20/04/07 09:40:00

Global Radiation
Al

W/m2

0.7
8.4
393
59.4
75.2
60.7
559
72.8
86.6
121.4
211.6
205.1
328.8
410.8
370.6
260.9
269.9
461.8
556.2
578.9
600.0
243.2
489.0

Diffuse Radiation
Al

W/m2

0.7
7.5
33.1
459
52.6
44.6
46.8
54.6
60.9
78.3
103.0
115.3
142.5
156.3
171.4
180.5
192.2
258.6
2457
270.0
311.0
213.7
283.3
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20/04/07 09:50:00
20/04/07 10:00:00
20/04/07 10:10:00
20/04/07 10:20:00
20/04/07 10:30:00
20/04/07 10:40:00
20/04/07 10:50:00
20/04/07 11:00:00
20/04/07 11:10:00
20/04/07 11:20:00
20/04/07 11:30:00
20/04/07 11:40:00
20/04/07 11:50:00
20/04/07 12:00:00
20/04/07 12:10:00
20/04/07 12:20:00
20/04/07 12:30:00
20/04/07 12:40:00
20/04/07 12:50:00
20/04/07 13:00:00
20/04/07 13:10:00
20/04/07 13:20:00
20/04/07 13:30:00
20/04/07 13:40:00
20/04/07 13:50:00
20/04/07 14:00:00
20/04/07 14:10:00
20/04/07 14:20:00
20/04/07 14:30:00
20/04/07 14:40:00
20/04/07 14:50:00
20/04/07 15:00:00
20/04/07 15:10:00
20/04/07 15:20:00
20/04/07 15:30:00
20/04/07 15:40:00

434.7
507.4
527.3
830.1
812.9
876.1
886.7
964.8
962.3
982.9
785.0
886.3
951.2
992.2
1107.0
812.7
952.3
1035.2
1028.3
1004.7
996.1
971.1
959.7
854.7
861.0
907.9
878.0
848.2
825.3
796.4
771.6
739.6
705.1
680.6
653.6

618.0

228.9
215.9
204.8
2213
210.3
220.5
237.7
217.2
257.7
245.8
287.0
274.0
272.3
272.8
310.1
301.0
270.2
309.0
239.0
215.7
199.6
182.9
181.0
185.6
176.0
170.3
168.1
156.0
145.3
143.6
139.0
143.1
147.8
141.8
1423
153.2
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20/04/07 15:50:00
20/04/07 16:00:00
20/04/07 16:10:00
20/04/07 16:20:00
20/04/07 16:30:00
20/04/07 16:40:00
20/04/07 16:50:00
20/04/07 17:00:00
20/04/07 17:10:00
20/04/07 17:20:00
20/04/07 17:30:00
20/04/07 17:40:00
20/04/07 17:50:00
20/04/07 18:00:00

594.5
575.5
530.9
429.0
236.3
227.7
188.7
145.7
117.1
99.6
83.1
68.5
54.4

39.2

168.2
175.4
195.4
199.5
154.3
147.1
136.0
114.2
98.9
85.9
733
60.9
48.3
34.8
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o [ v v A A { v W o [ a 4 [
MIAIUANAANTINULHITUTIAGT o2 TUNTANUHITUTIFNYNIDEINVAIDINAEG YUIUNY

{ o < 4 [ a = J [% Qa: [
ﬁu w%ﬂmmﬂug{uamm GlUﬂWiﬁWﬁiJ‘lJi%E‘T‘ﬂ‘ﬁﬂﬁﬂﬁlmWa\‘iQWHﬂ’JWN%}@uﬂQﬂﬂJﬂﬂJ@QLLWQﬁU

4
v A IS) v v A

a & a Ao v A A
NAFIYL G]NilﬂmﬁﬂHm%ﬂ@u(Iﬂﬁlﬂﬂﬂ@]Hmu\iﬂ 1,11991 13.00 U.)

q

MRS USIAGTOL VUIA 132%116*8 cmBIUIU 1 1A 1.53m’
JLHZHNITEH IS VTGI8 UNTEIN 1 cm
AINIAI0DN & YBINTLIN 0.88
AMIEI00N & VDIHUYANAUNAIIIL 0.95
aamgidunaden 35.6

A Iauman 2.05 m/s
uvigimasnszanveaunsusadgses 49.6 °C
auvigimaenszanvedon 49.05°C
gumgiimAsiLgANALNE I UR NS T oS o 51.4°C

o mamilu-Tuandiusl 5.669x10"

gaurigiiniear minaums (2.7)

TSKY = T air 6
Ty = 35.6-6
= 29.6 °C

d v
duilszansmasmanusewiiosdinay MNaUNT (2.8)

hy, = 2.8+3v
hy, = 2.8+3(2.05)
= 8.95 W/m™°C

[ a Qd Y J v (Y] a d
ﬁ&l‘ljigﬁ‘nﬁfniW1ﬂ3nﬁi’]1—!53‘”31\‘1!!W‘L!ﬂ‘é%‘i]ﬂﬂﬂl!ﬁx’iﬁnﬂﬂﬂ NNFUNT (2.22)

hI’,C*S = gCO-(TCZ +T52)(TC +T5)
h 0.88x5.669x10 " x(49.05°+29.6°)( 49.05+29.6)

r,c—s

8.93 W/m™°C
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Ful 5z anEMINIANNIUITH N MNITUNAINUANNF D UNVUHUNTZIN INAUMT (2.21)

L ol T, T

r,p—c 1 1
ST
g, &
2 2
h = 5665907 (51.4 + 49,62 |51.4 + 49.6)
P 1 1
S
0.88) 0.95

= 6.44 W/m™°C

¢
[ a A (Y] (Y] (Y] A du
iﬁ»ﬁjﬁgﬁﬂﬁﬂ1§!wj§ﬁa’§$ﬁ'j1ﬂ!!NQille,NQ1H!!ﬁﬂ@fﬂﬂﬂﬂﬂ!!f'juﬂﬁ%’ﬂﬂ INAUNIT (2.23)
[1-0.0018(T —10)[1.14(AT)"

- 0.07
P 1

ho [1-0.0018(35.6 —10)]1.14(49.05) >

-C 0.07
P 1

3.635 W/m™°C

d
Msmausz@ansmMIgadan NI UIIN 1NAUNT (2.24)

- -1
1 1 }
U, = +
_hP*C + hl’,p—c hW + hr,c—s
i 1 1 -
U, = +
| 3.635+6.44 8.95+8.93
= 6.44 W/m™°C

MIANIUMMIFYTIANNFOUMUAIL DINTUNT (2.26)

K
Ub = T
0.02689
U, =
0.01

= 2.689 W/m™°C

MIAMUIUMMNIGYTIANNTOUMUAG 1INANMS (2.27)

Ue _ (UA)edge
Ac
0045, 4.96x0.05
v~ 0025
¢ 248

= 0.18 W/m™°C



manlszansmsga@snnudousarua ;MHy 1NauT (2.28)

UL = Ut+ Ub+ Ue
U, = 6.44+2.689+0.18
= 9.31 W/m™°C

dJ a U Y
ulnmesUszansmnvead ufuSIa naums (2.31)

= -1
. U
F =1 L
_ +h+[(1/h)+(1/hr)]l}
- -1
. 9.13
F =1
I TR [(1/11.72)+ (1/15.86)]1}

0.645

¢ ¢
!l‘l"lﬂ!ﬂ@ﬁﬂ]ﬁﬁﬂﬂ?]ﬂ%@ﬂl!ﬁ%!lwﬂ!ﬂ@ﬁsll’t)\illﬁﬁ NAUNT (2.32)

mé F
F,=—"|1-exp ——ACU.L
ACUL mCP
- _ 409811006, ( 153x9.31x0.645
R 1.53x9.31 4.0981x1006
= 0.692

wirnuanadeunnuasnrfingilNduseTovi 1inaums (2.33)

Q, A[Fq (za)l, —FU (T, -T,)]

Q, 1.53[0.692(0.875x0.95)940.7 — 0.692x9.31(35.9 — 35.6)|
748.6 W

a A v v A a d
ﬂi%’tﬁ’lﬁﬂ"IWﬂli’N!!NQi‘Uiﬂﬁﬂ’N@ﬂ’lﬂﬂ INANUNIT (2.33)

_ 2Qy
77_—
oI, A
7486
7= 940.7x1.53

=0.52
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Performance study of Force Convection Dryer Using Solar Energy

anEde wuns' nivani gase’  alng masdiumd’
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ABSTRACT

The objective performance study of force convection dryer using solar energy of this research is to
evaluate the performance of dryer system using solar energy by applying force convection process. To
make drying product by using solar energy, the working fluid (air) is exchanged the heat from solar plates
sized 1.53 mz, inclined 9° to horizontal, the hot air flow rate at 0.84 cfm is circulated in dryer chamber.
Temperature inside dryer chamber reached proximately 60-65°C. The result of the experiment has shown
that the system performance using force convection dryer is better than natural drying process. It shown
that the weight of products and moisture decreased in force convection dryer chamber is faster than natural
drying process. The weight of products are slightly decreased. The system is used the time for Lamellate
drying racers 6 hrs. Lamp are to the natural drying process about 27 hrs. The overall efficiency of the
designed dryer is 60%.

Key words : Performance / Force convection / Drying/ Solar Energy /Marine product
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