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Thesis Title : A STUDY OF HEAT TRANSFER IN DRYING CHAMBER UNDER

VACUUM CONDITION USING FINITE ELEMENT METHOD
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Thesis Advisor : Dr. Pipat Pramot
ABSTRACT

This thesis aims to study model of heat transfer using the finite element method and study
heat transfer of walls of dryer and agricultural materials in the dryer vacuum system

Experiments were performed on Jinda chilli under the vacuum pressure of —15 cmHg.
Finite element program is used as a method to analyse heat transfer model and also a theoretical
analysis by specified the temperature range of the heating model at 70°C, 80°C and 90°C
respectively. The duration of drying are 6 hours, 7 hours and 8 hours, respectively. All conditions
are based on the selected standard dryer.

The results show that the heat transfer model at 80°C with 7 hours of heating time is the
best suitable distribution of heat transfer compared to the other models. Base on simulation
conditions, the experimental conditions for the vacuum drying oven are also 70°C, 80°C and 90°C
respectively. Also, time duration of the drying process are 6 hours, 7 hours and 8 hours,
respectively. The temperature distribution were collected by using 16 thermocouples inside drying
chamber. After evaluated the moisture content of Jinda chilli sample, the optimun temperature and
drying time are 80°C and 7 hours because the heat distribution from these conditions give the best
result. The final moisture content of the sample is 13.37% (wb.), which close to the ISO standard

(14% wb.), Accordingly the loss percentage of dried chili is 4.50 %

Keywords: Heat Transfer, Finite Element Method ,Vacuum Drying.
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#(x,y,z)=[N, N, N, N, ZZ (2.18)
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a15199 0.1 m3memanuioungumngil 70 °C a1 6 ¥l

an W2InQunigil (°C)
(hr) | Ch Ch |Ch [Ch |Ch |[Ch |[Ch |[Ch |[Ch [Ch |[Ch [Ch |[Ch |Ch |Ch |Ch
01 02 |03 04 |05 06 |07 |08 |09 10 11 12 13 14 15 16

1 29 23 23 23 23 20 | 21 29 |28 |22 |20 |29 29 | 28| 28| 28
2 63 64 | 63 62 |62 |55 53 74 |72 |54 |56 |70 70 | 68 67 68
3 65 66 | 67 |65 67 | 57 54 |71 72 | 58 58 70 70| 70| 68 68
4 70 65 |67 |67 |67 |60 |59 |75 |72 |64 |63 |75 731 70| 70| 70
5 72 70 |70 |69 |70 | 66 |65 75 72 | 68 65 74 75 70 70| 70
6 72 70 |70 |70 |73 69 68 75 75 69 68 74 71 70 70| 72

A15197 0.2 midwmmm%’auﬁqmwgﬁ 70 °C a1 7§11

an N2InQUNgil (°C)

(hr) | Ch Ch |Ch [Ch |{Ch |[Ch [Ch |[Ch |[Ch [Ch |[Ch [Ch |[Ch |Ch |Ch |Ch

01 02 |03 04 |05 06 |07 |08 |09 10 11 12 13 14 15 16

1 29 23 23 23 23 20 | 21 29 | 28 | 22 | 20 | 29 | 29 | 28 | 28 | 28
2 64 65 68 62 | 68 55 53 74 | 75 54 | 56 | 73 72 71 74 | 70
3 165 |67 |70 65|71 | 57|54 ]| 74|75 |58 5874|7473 78] 70
4 68 69 | 70 | 67 | 77 | 60 | 59 | 74 | 75 | 64 | 63 | 71 76 | 72 | 74 | 71
5 65 71 72 69 | 76 | 66 | 65 75 78 68 65 70 | 75 71 72 | 70
6 69 71 74 | 70 | 77 69 | 68 75 75 69 | 68 73 71 72 | 72 | 72
7 69 70 | 70 | 70 | 78 70 | 70 | 75 76 | 70 | 71 74 | 73 73 75 72
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a15199 0.3 m3memanuioungumngil 70 °C a1 8 ¥l

AN WIAguUnY (°C)
(hr) {[Ch |[Ch |[Ch |[Ch |[Ch |[Ch |[Ch [Ch |[Ch |[Ch |[Ch |[Ch |[Ch |Ch |Ch |Ch
01 |02 |03 |04 |05 |06 |07 [08 |09 [10 |11 |12 |13 |14 |15 |16
1| 29 [ 23|23 23|23 |27 |27 |29 |28 |28 |28 |29 |29 |28 |28] 28
2 | 72 | 71 | 68 | 62| 68 | 63|61 | 74| 75| 64| 66| 66| 7275|7274
3170 | 72170 | 65| 71| 64 | 64| 73|78 | 66|68 |69 | 74| 78| 78|76
4 | 73| 72| 72|67 |77 |65]65|75| 72|68 69|70 |76 ]| 72|74/ 76
5 75|71 74|69 | 76|66 |66| 75|78 |68 |70 |70 |79 | 71| 7270
6 | 75 |71 | 74|70 | 77| 65|66 | 75| 75|69 |70 |70 | 71|75 72|72
75 | 73|70 | 70 | 78 | 66 | 68 | 76 | 76 | 71 | 71 | 69 | 73 | 74 | 75 | 75
73 170 | 73| 70 | 76 | 69 | 70 | 76 | 71 | 74 | 74 | 72 | 77 | 70 | 712 | 75
M3171 0.4 Mmsmemanudeufigurgil 80 °C 19a1 6 92Tus
nan W iAgaumgi (°C)
(hr) {[Ch |[Ch |[Ch [Ch |[Ch |[Ch [Ch [Ch |[Ch [Ch [Ch |[Ch |[Ch |Ch |Ch |Ch
01 |02 [03 |04 |05 |06 |07 [08 |09 [10 |11 |12 |13 |14 |15 |16
1| 52 | 42| 43 | 40 | 48 | 44 | 42 | 44 | 50 | 48 | 45 | 44 | 49 | 51 | 52 | 42
2 61 | 66 | 68 | 62 | 69 | 62 | 66 | 82 | 82 | 62 | 61 | 61 | 74 | 72 | 75 | 76
30 73069 71|65 76| 73|69 |8 |8 |65]|62]65|77|79| 81 |78
4 |76 | 71| 74 | 69 | 78 | 76 | 72 | 85 | 84 | 69 | 65 | 68 | 81 | 83 | 82 | 79
5 176 | 727469 | 71| 79|74 |8 |8 | 72|68 |70 |8 |8 |8 |79
6 | 74 | 72|74 | 69 | 74 | 80 | 76 | 85 | 85| 75 | 72| 70 | 82 | 82 | 87 | 79
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a15199 0.5 m3memanuioungumngil 80 °C a1 7 ¥l

AN WIAguUnY (°C)
(hr) {[Ch |[Ch |[Ch |[Ch |[Ch |[Ch |[Ch [Ch |[Ch |[Ch |[Ch |[Ch |[Ch |Ch |Ch |Ch
01 |02 |03 |04 |05 |06 |07 [08 |09 [10 |11 |12 |13 |14 |15 |16
1 | 50 | 42| 43 | 40 | 48 | 44 | 42 | 44 | 50 | 48 | 45 | 44 | 49 | 51 | 52 | 42
2 | 67 | 74|75 |70 | 77 | 62| 66| 79| 71| 62|61 |78 |75]|8 | 71|75
30 7307971757673 69| 8 |82 |65|62 |8 |77]79)| 8 |78
4 | 76 |74 | 77 | 70 | 82 | 76 | 72 | 82 | 76 | 69 | 65 | 83 | 81 | 83 | 84 | 75
5 176 | 7274|798 | 79|74 |8 |8 | 72|68 |8 |8 |8 |8 |79
6 | 74 | 72|74 | 79 | 84 | 80 | 76 | 85 | 82| 75| 72| 80 | 82 | 82 | 87 | 79
7 179 |79 |8 |77 | 81 | 8 |8 | 8 | 82 | 75| 74 | 80 | 83 | 82 | 81 | 77
mM37 0.6 Mmemanudeuiigungd 80 °C a1 8 F2Tue
fan WIaguuni (°C)
(hr) {[Ch |[Ch |[Ch |[Ch |[Ch |[Ch [Ch |[Ch |[Ch |[Ch [Ch |[Ch |[Ch |Ch |Ch |Ch
01 |02 {03 [04 [05 |06 |07 [08 [09 |10 |11 |12 |13 |14 |15 |16
1| 52 | 42| 43 | 40 | 48 | 44 | 42 | 44 | 50 | 48 | 45 | 44 | 49 | 51 | 52 | 42
2 61 | 66 | 68 | 72 | 79 | 62 | 66 | 62 | 72 | 62 | 61 | 81 | 74 | 72 | 75 | 76
3 63 | 69 | 71 | 75 | 76 | 73 | 69 | 74 | 77 | 65 | 62 | 81 | 77 | 79 | 81 | 78
4 |76 | 71| 74 | 79 | 80 | 76 | 72 | 77 | 74 | 69 | 65 | 81 | 81 | 73 | 82 | 79
5 176 | 7274798 | 79|74 | 78|76 | 72|68 |8 |8 | 77|85 |79
6 | 74 | 72| 74|79 | 84 | 80 |76 | 78 | 77 | 75 | 72 | 80 | 82 | 82 | 87 | 79
7 179 | 77 | 80 | 73 | 81 | 80 | 77 | 76 | 76 | 75 | 74 | 83 | 83 | 84 | 84 | 76
8 | 75 | 72|84 | 78| 81 | 80 |8 | 78 | 79 | 77 | 76 | 80 | 83 | 82 | 83 | 78
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a15199 0.7 m3memanuioungumngil 90 °C a1 6 ¥l

AN WIAguUnY (°C)
(r) (Ch |[Ch |[Ch |[Ch [Ch [Ch [Ch [Ch [Ch [Ch [Ch [Ch [Ch [Ch |Ch |Ch
01 02 |03 (04 |05 |06 (07 |08 |09 10 | 11 12 13 14 | 15 16
1 45 39 | 41 37 | 41 | 44 | 46 | 44 | 47 | 44 | 46 | 44 | 45 | 48 | 43 | 42
2 87 84 | 87 | 8l 80 | 71 72 | 89 | 88 | 79 | 78 | 88 | 81 87 | 89 | 94
3 85 82 | 85 | 89 | 84 | 74 | 85 | 90 | 86 | 82 | 82 | 91 8 | 87 | 91 90
4 81 87 | 89 | 8 | 83 | 79 | 85 | 93 | 91 87 | 87 | 94 | 93 | 91 91 96
5 81 87 | 89 | 84 | 89 | 83 | 84 | 94 | 92 | 82 | 82 | 95 | 90 | 95 | 89 | 94
6 89 87 | 88 | 83 | 83 | 88 | 89 | 95 | 98 | 85 | 85 | 96 | 95 | 97 | 94 | 92
A3 1.8 madwmmm%’auﬁqmwgﬁ 90 °C 1317 $1Tua
an N2InQungil (°C)
(r) [Ch |[Ch |[Ch |[Ch [Ch [Ch [Ch [Ch [Ch [Ch [Ch [Ch [Ch [Ch |Ch |Ch
01 02 |03 (04 |05 |06 [07 |08 |09 10 | 11 12 13 14 | 15 16
1 48 41 | 44 | 42 | 71 | 44 | 46 | 45 | 61 | 44 | 46 | 45 | 51 81 | 69 | 46
2 87 94 1 90 | 90 | 92 | 71 | 72 | 89 | 83 | 79 | 78 | 88 | 89 | 87 | &80 | 92
3 87 94 | 93 | 92 | 89 | 74 | 85 | 91 | 93 | 82 | 82 | 91 | 92 | 91 | 94 | 95
4 90 | 95 | 93 | 94 | 95 | 79 | 85 | 93 | 92 | 87 | 87 | 94 | 91 | 90 | 93 | 94
5 91 95 1 94 | 92 | 93 | 83 | 84 | 93 | 92 | 82 | 82 | 96 | 92 | 97 | 94 | 92
6 91 97 | 95 | 93 | 93 | 88 | 89 | 95 | 92 | 85 | 85 | 96 | 92 | 97 | 94 | 92
7 93 95 1 94 | 95 | 96 | 90 | 90 | 95 | 91 87 | 88 | 98 | 92 | 91 92 | 93
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A15199 1.9 M3memanuioungumngil 90 °C a1 8 ¥l

AN WIAguUnY (°C)
(hr) {[Ch |[Ch |[Ch |[Ch |[Ch |[Ch |[Ch [Ch |[Ch |[Ch |[Ch |[Ch |[Ch |Ch |Ch |Ch
01 |02 |03 |04 |05 |06 |07 [08 |09 [10 |11 |12 |13 |14 |15 |16
I | 46 | 38 | 42 | 38 | 42 | 44 | 46 | 44 | 45 | 44 | 46 | 44 | 44 | 43 | 43 | @2
2 | 87 | 9497 |91 |90 | 71 | 72|8 |8 | 79|78 |8 |91 |8 |8 | 94
3 |8 | 9295 |8 |94 | 74 |8 |9 | 96| 8 |8 |91 |9 |8 |91 |90
4 |91 [ 97 (95|95 | 93|79 |8 | 93|91 |8 |8 | 94|93]|91 |91 9
5191 |97 [95| 94|93 |8 |8 |94 | 928 |8 |94 |91 [958 |94
6 | 92 |97 | 98| 93|93 |8 [8 | 95|98 |8 |8 | 96 |97 | 97 | 94 | 92
7 | 94 |97 |98 | 95|93 90|90 | 96 |93 |8 |8 |98 |96 | 94 |9 | 94
8 95 | 97 | 98 | 96 | 93 | 90 | 91 | 97 | 93 | 89 | 89 | 99 | 96 | 93 | 94 | 94
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