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Thin- Layer Drying Models Appropriate for Drying Para Rubber Sheet

Wasan Jeentada Pornprasit Kongboon Sittiporn Boonyanuwat and Chalerm Sirirak

ABSTRACT

The purpose of this project was to study para rubber sheet drying at temperature of 40°,
50°, 60° and 70°, air velocity of 0.5 and 1 meter/second. The obtained experimental results were
used to calculate moisture ratio values. Then the results obtained from 10 different types of thin
layer drying models were compared with the experimental results. The experimental results of
moisture ratio values of para rubber sheets indicated that at the same air flow rate but with
different temperature, the higher the temperature, the faster of the moisture evaporation of para
rubber sheet. Whereas, with same temperature but at the different air flow rates, the higher of air
flow rate, the faster moisture evaporation of para rubber sheet due to the faster rate of moisture
diffusion out of a drying chamber. The results obtained from the 10 different types of thin layer
drying models revealed that 5 models could predict the moisture ratio of para rubber sheet drying
with a satisfactory level. The 5 models rated with the valid levels with R ranges of 0.984 - 0.9992
were Modified Henderson and Pabis, Verma et al., Midilli et al., Weibull Distribution; and Page
respectively. The type of thin layer drying model that could predict moisture ratio with a
satisfactory level in all experimental conditions was Modified Henderson and Pabis. Its Rzranges

were from 0.9956 to 0.9992, which was higher than those of the other models.

Keywords: Drying, Model, Moisture ratio, para rubber sheet

Faculty of Engineering. Rajamangala University of Technology Srivijaya, Muang, Songkhla.
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Newton

MR = exp(-kt)

Akpinar et al. (2006),
Ertekin and Yaldiz (2004),
Hacihafizoglu et al. (2008),
Janjai et al. (2010),
Menges and Ertekin (2006)

Page

MR = exp(-kt")

Akpinar et al. (2006),
Babalis et al. (2006),
Doymaz (2006),

Ertekin and Yaldiz (2004),
Hacihafizoglu et al. (2008),
Janjai et al. (2010),

Menges and Ertekin (2006),
Wang et al. (2007)

Henderson and Pabis

MR = a exp(-kt)

Akpinar et al. (2006),
Babalis et al. (2006),
Doymaz (2006),

Ertekin and Yaldiz (2004),
Hacihafizoglu et al. (2008),
Janjai et al. (2010),

Mazutti et al. (2010),
Menges and Ertekin (2006),
Wang et al. (2007)
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Logarithmic

MR = a exp(-kt) + b

Akpinar et al. (2006),
Babalis et al. (2006),
Doymaz (2006),

Ertekin and Yaldiz (2004),
Hacihafizoglu et al. (2008),
Janjai et al. (2010),

Menges and Ertekin (2006),
Wang et al. (2007)

Weibull Distribution

MR =a - b exp(-(kt"))

Babalis et al. (2006),

Dejchanchaiwong et al. (2011)

Midilli et al.

MR =a exp(-ktn) + bt

Ertekin and Yaldiz (2004),
Hacihafizoglu et al. (2008),
Menges and Ertekin (2006)

Verma et al.

MR = a exp(-kt) + (1-a)exp(-gt)

Akpinar et al. (2006),
Ertekin and Yaldiz (2004),
Hacihafizoglu et al. (2008),
Menges and Ertekin (2006)

Two term exponential

MR = a exp(-kt) + (1-a)exp(-kat)

Akpinar et al. (2006),
Ertekin and Yaldiz (2004),
Hacihafizoglu et al. (2008),
Menges and Ertekin (2006)
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Modified Henderson | MR = a exp(-kt) + b exp(-gt) + ¢ exp(-ht) | Dejchanchaiwong et al. (2011),
and Pabis Ertekin and Yaldiz (2004),
Janjai et al. (2010),

Menges and Ertekin (2006),

Togrul and Pehlivan (2004)

Wang and Singh MR=1+at+bt Akpinar et al. (2006),
Babalis et al. (2006),
Ertekin and Yaldiz (2004),
Hacihafizoglu et al. (2008),
Janjai et al. (2010),
Menges and Ertekin (2006),
Wang et al. (2007)
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AT N.1 HANTNARBINTN1IZATIOINA 0.5 m/s gaIngl 40 °C

time m m, MC,, MR I RH,, i L RH_,
(o) | ko) | ke | (%) Q) | ) | (B | %)
0 10.81 | 864 | 2512 | 1.00 | 42.50 | 45.60 | 28.00 | 71.80
1 10.55 864 | 22.11 | 086 | 40.50 | 42.50 | 29.10 | 66.50
2 10.22 | 8.64 | 1829 | 0.67 | 39.90 | 41.60 | 29.40 | 63.30
3 10.00 | 8.64 | 1574 | 0.55 | 39.20 | 41.20 | 29.90 | 61.60
4 9.84 8.64 | 13.89 | 046 | 39.90 | 39.50 | 30.30 | 61.20
5 9413 8.64 | 12.62 | 0.40 | 39.20 | 40.90 | 30.90 | 58.40
6 9.67 8.64 | 11.92 | 0.37 | 40.00 | 37.80 | 31.50 | 56.00
7 9.61 8.64 | 11.23 | 034 | 40.30 | 37.80 | 31.90 | 54.70
8 9.55 8.64 | 10.53 | 030 | 39.90 | 40.10 | 31.60 | 58.00
10 9.45 8.64 9317 0.25 | 3930 | 39.50 | 29.70 | 62.80
12 9.38 8.64 8.56 0.21 | 40.20 | 39.10 | 31.10 | 59.50
14 9.34 8.64 8.10 0.19 | 40.00 | 40.40 | 29.40 | 67.10
16 9.31 8.64 I 0.17 | 40.20 | 38.50 | 29.80 | 63.60
18 9.27 8.64 7.29 0.15 | 39.70 | 38.40 | 28.40 | 66.60
20 9.24 8.64 6.94 0.13 | 39.80 | 38.40 | 29.80 | 62.90
22 9.22 8.64 6.71 0.12 | 39.30 | 36.50 | 31.00 | 53.80
24 9.20 8.64 6.48 0.11 | 39.40 | 35.70 | 31.00 | 51.70
26 9.16 8.64 6.02 0.09 | 39.80 | 39.90 | 29.30 | 66.00
28 9.14 8.64 5.78 0.08 | 39.80 | 39.70 | 30.10 | 63.20
30 9.12 8.64 5.56 0.07 | 39.30 | 39.00 | 31.20 | 57.80
32 9.10 8.64 5.32 0.06 | 40.10 | 37.30 | 31.70 | 55.40
34 9.07 8.64 4.98 0.04 | 4030 | 40.40 | 28.90 | 69.60
36 9.06 8.64 4.86 0.03 | 39.30 | 39.60 | 30.50 | 60.70

42



~ = = 1
A1379 N.1 AANITNAADINTNIITANULIIDINIA 0.5 m/s RIURCRAEY 40 °C (v19)

time m m, MC,, MR d RH, e RH_,
(hr) kg) | kg | (%) (C) | (%) (%) (%)
38 9.04 8.64 4.63 0.02 | 40.50 | 37.10 | 30.60 | 59.60
40 9.03 8.64 451 0.02 | 39.20 | 40.60 | 28.10 | 69.90
42 9.02 8.64 4.40 0.01 | 40.10 | 41.10 | 27.50 | 75.60
44 9.01 8.64 4.28 0.01 | 40.10 | 40.30 | 27.30 | 76.60
46 9.00 8.64 4.17 0.00 | 39.30 | 38.60 | 27.80 | 69.20
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AT N N.2 Nﬁﬂ'ﬁ‘ﬂﬂﬁﬂQﬁﬁﬂ'l’JZﬂ']'IiJli’Jﬂ'lﬂ']ﬁ 0.5 m/s gU¥U 50 °C

time | m m, | MC, | MR | T, | RH, | T, | RH,
(hr) keg) | ko) | (%) Q) | (%) (%) (%)

0 9.79 | 6.87 | 4250 | 1.00 | 49.10 | 30.90 | 29.40 | 68.30
1 9.01 | 6.87 | 3115 | 0.70 | 49.80 | 29.80 | 29.50 | 67.70
2 832 | 6.87 | 21.11 | 043 | 49.40 | 25.60 | 30.20 | 64.10
3 812 | 6.87 | 1820 | 035 | 49.80 | 25.10 | 30.70 | 62.70
4 8.03 | 6.87 | 1689 | 031 | 50.20 | 23.80 | 31.40 | 60.20
5 797 | 687 | 1601 | 029 | 50.10 | 22.30 | 32.00 | 54.90
6 792 | 6.87 | 1528 | 0.27 | 5030 | 20.90 | 32.60 | 50.60
i 7.88 | 6.87 | 1470 | 025 | 5050 | 24.50 | 32.40 | 59.50
8 783 | 6.87 | 13.97 | 023 | 50.40 | 2230 | 32.50 | 54.30
10 | 7.70 | 6.87 | 12.08 | 0.18 | 49.20 | 23.90 | 29.70 | 63.90
12 | 7.64 | 687 | 1121 | 0.16 | 50.00 | 22.30 | 31.00 | 58.10
14 | 760 | 6.87 | 1063 | 0.14 | 49.70 | 21.70 | 31.60 | 54.70
16 | 7.56 | 6.87 | 10.04 | 0.13 | 50.20 | 21.30 | 31.50 | 54.80
18 | 749 | 6.87 | 9.02 | 0.10 | 49.70 | 23.80 | 28.00 | 71.20
20 | 746 | 687 | 859 | 0.09 | 5030 | 22.90 | 29.50 | 65.60
22 | 743 | 687 | 815 | 0.08 | 50.30 | 20.50 | 32.20 | 52.30
24 | 740 | 687 | 7.71 | 0.07 | 50.00 | 20.50 | 32.60 | 50.20
26 | 735 | 687 | 699 | 0.05 | 4920 | 22.20 | 29.90 | 60.10
28 | 733 | 687 | 670 | 0.04 | 50.10 | 19.10 | 30.70 | 51.70
30 | 730 | 687 | 626 | 0.03 | 49.60 | 19.00 | 32.10 | 47.70
32 | 728 | 687 | 597 | 0.02 | 50.40 | 19.00 | 32.60 | 46.50
34 7.25 6.87 553 0.01 49.10 23.10 30.40 60.50
36 | 723 | 687 | 524 | 0.00 | 49.80 | 25.40 | 30.90 | 64.50
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4 g =
AT N N.3 Nf‘lﬂ‘li'ﬂﬂﬁﬂﬂﬁﬁﬂ'nxﬂ'ﬂllﬁ?ﬂ'lﬂ"lﬁ 0.5 m/s PUNNY 60 "C

time m m, MC,, MR i RH, § RH_ ,
() | kg) | ke) | (%) Q| o | % | %)

0 9.32 6.77 | 37.67 | 1.00 | 61.00 | 21.20 | 28.40 | 69.90
1 8.13 6.77 | 20.09 | 0.52 | 58.70 | 16.20 | 30.70 | 61.10
2 7.69 6.77 | 13.59 | 035 | 59.10 | 14.30 | 31.60 | 56.90
3 757 6.77 | 11.82 | 030 | 59.40 | 13.90 | 32.50 | 53.90
- 7.50 6.77 | 10.78 | 0.27 | 59.70 | 13.70 | 33.20 | 53.10
5 7.44 6.77 9.90 0.25 | 59.70 | 12.90 | 33.10 | 51.10
6 7.38 6.77 9.01 022 | 5990 | 13.00 | 33.00 | 51.90
7 7.35 6.77 8.57 0.21 | 59.70 | 13.20 | 33.10 | 51.90
8 7.30 6.77 7.83 0.19 | 59.70 | 13.10 | 32.80 | 52.70
10 7.17 6.77 1 0.14 | 59.50 | 13.10 | 31.20 | 56.80
12 7.11 6.77 5.02 0.12 | 59.60 | 12.40 | 32.20 | 51.90
14 7.05 6.77 4.14 0.09 | 5890 | 12.60 | 33.40 | 48.40
16 7.01 6.77 3.98 0.08 | 59.70 | 12.70 | 33.30 | 50.10
18 6.95 6.77 2.66 0.05 | 59.40 | 13.00 | 29.50 | 62.70
20 6.89 6.77 LT 0.03 | 58.70 | 13.30 | 30.80 | 58.50
22 6.87 6.77 1.48 0.02 | 59.60 | 14.90 | 31.40 | 62.80
24 6.85 6.77 1.18 0.01 | 59.10 | 15.50 | 29.00 | 73.50
26 6.82 6.77 0.74 0.00 | 59.20 | 14.10 | 30.20 | 64.40
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A3 0.4 WANTNAABIAANIZAIUEIDIMNA 0.5 m/s gaIMgil 70 °C

time | m m, | MC, | MR | T, | RH, | T, | RH,

(hr) keg) | kg | (W) Q) | W (%) (%)
0 892 | 668 | 33.53 | 1.00 | 69.80 | 16.20 | 27.50 | 75.50
1 750 | 6.68 | 12.28 | 036 | 6890 | 850 | 28.20 | 71.40
2 734 | 668 | 9.88 | 029 | 69.90 | 7.70 | 29.10 | 69.20
3 725 | 668 | 853 | 024 | 69.80 | 8.00 | 29.80 | 67.80
4 717 | 6.68 | 7.34 | 021 | 70.00 | 7.90 | 30.20 | 66.70
5 7.10 | 668 | 629 | 018 | 70.10 | 7.70 | 30.70 | 64.50
6 704 | 668 | 539 | 0.15 | 69.90 | 7.70 | 30.90 | 64.30
7 699 | 6.68 | 4.64 | 013 | 70.00 | 7.80 | 31.20 | 63.10
8 694 | 6,68 | 3.89 | 010 | 69.90 | 7.70 | 31.40 | 62.30
10 | 690 | 6.68 | 329 | 009 | 69.40 | 650 | 29.20 | 61.90
12 | 682 | 668 | 210 | 005 | 69.90 | 650 | 30.00 | 60.00
14 | 677 | 668 | 135 | 003 | 70.10 | 7.20 | 31.20 | 59.90
16 | 675 | 6.68 | 1.05 | 002 | 7000 | 7.20 | 31.30 | 60.70
18 | 671 | 6.68 | 045 | 000 | 69.60 | 7.80 | 29.70 | 68.20
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AN 1.5 WANINAABINAN1IZAMMNE 1M 1 m/s Qeingil 40 °C

time m m, MC, MR T RH, T,. RH_,
(hr) | (kg) | (kg) | (%) (O | (W) (%) | (%)

0 8.70 6.78 | 2832 | 1.00 | 42.10 | 50.20 | 27.90 | 73.60
1 8.29 6.78 | 2227 | 0.77 | 39.30 | 43.90 | 29.00 | 65.70
2 7.90 6.78 16.52 | 0.55 | 39.60 | 42.70 | 29.60 | 64.70
3 7.70 6.78 | 13.57 | 0.44 | 39.50 | 41.40 | 30.10 | 63.50
4 7.60 6.78 | 12.09 | 039 | 3990 | 41.20 | 30.60 | 62.70
5 752 6.78 | 1091 | 034 | 40.00 | 40.60 | 31.10 | 60.70
6 7.47 6.78 | 10.18 | 031 | 42.00 | 42.00 | 31.40 | 60.40
7 7.44 6.78 9.73 030 | 41.80 | 41.80 | 31.50 | 60.40
8 7.40 6.78 9.14 027 | 41.70 | 41.70 | 31.70 | 60.40
10 7:32 6.78 7.96 0.23 | 39.60 | 39.80 | 29.70 | 63.60
12 725 6.78 6.93 0.19 | 40.30 | 36.70 | 30.80 | 57.10
14 7.20 6.78 6.19 0.16 | 39.60 | 37.10 | 31.60 | 54.70
16 7.18 6.78 5.90 0.15 | 39.40 | 35.40 | 32.50 | 49.50
18 7.14 6.78 5.31 0.13 | 39.70 | 36.70 | 30.10 | 58.80
20 7.12 6.78 5.01 0.12 | 40.80 | 38.10 | 30.90 | 60.40
22 7.10 6.78 4.72 0.11 | 40.20 | 33.80 | 31.60 | 55.40
24 7.07 6.78 4.28 0.09 | 40.10 | 40.00 | 29.60 | 66.70
26 7.03 6.78 3.69 0.07 | 40.20 | 40.10 | 29.40 | 67.70
28 7.02 6.78 3.54 0.06 | 40.00 [ 39.90 | 29.70 | 64.30
30 7.00 6.78 3.24 0.05 | 41.10 | 39.80 | 31.00 | 62.40
32 6.99 6.78 3.10 0.04 | 39.40 | 41.20 | 28.20 | 73.00
34 6.96 6.78 2.65 0.03 39.80 | 39.10 | 29.00 | 66.00
36 6.95 6.78 2:51 0.02 | 39.40 | 38.80 | 30.40 | 60.60
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A1 N.5 HANINATBINTN1IZANUGIOINA 1 m/s QEIYI 40 °C (#i)

time m m, MC, | MR T RH, | RHg,
() | kg) | ke) | (%) 0O | B | B | %
38 6.93 | 678 | 221 | 001 | 41.10 | 36.90 | 31.50 | 56.00
40 6.91 6.78 1.92 0.00 | 40.10 | 36.40 | 32.10 | 54.80
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- =1 =) 3
AN N.6 HANITNATDINTNIIZAMUTIDINIA 1 m/s NN 50 °C

time m m, MC, MR T RH, T, RH_,
(hr) | kg | ko) | (%) 0 | (%) (%) | (%)

0 8.72 6.54 | 33.33 1.00 | 50.40 | 38.50 | 27.40 | 74.30
1 7.79 6.54 | 19.11 | 0.56 | 49.90 | 27.90 | 28.50 | 70.40
2 7.40 6.54 | 13.15 | 037 | 49.60 | 25.70 | 29.50 | 67.00
3 127 6.54 | 11.16 | 0.31 | 49.50 | 24.10 | 30.00 - 63.60
4 722 6.54 | 10.40 | 029 | 50.30 | 21.60 | 30.80 | 58.50
5 7.18 6.54 9.79 0.27 | 4990 | 2530 | 30.20 | 67.60
6 7.14 6.54 9.17 0.25 | 49.90 | 21.90 | 29.20 | 63.00
7 7.11 6.54 8.72 0.23 | 50.10 | 24.30 | 27.60 | 75.50
8 7.07 6.54 8.10 0.21 | 49.50 | 25.80 | 27.10 | 80.80
10 6.95 6.54 6.27 0.16 | 50.00 | 23.70 | 28.20 | 69.90
12 6.89 6.54 585 0.13 | 49.30 | 25.10 | 29.00 | 70.40
14 6.86 6.54 4.89 0.11 | 50.40 | 24.20 | 28.90 | 70.10
16 6.81 6.54 4.13 0.09 | 49.60 | 23.10 | 28.80 | 65.70
18 6.77 6.54 3.52 0.07 | 49.50 | 22.60 | 27.50 | 71.40
20 6.72 6.54 275 0.05 | 50.30 | 29.60 | 26.80 | 77.60
22 6.70 6.54 2.45 0.04 | 50.40 | 24.10 | 26.90 | 79.50
24 6.69 6.54 2.29 0.03 | 49.80 | 23.90 | 27.00 | 77.10
26 6.65 6.54 1.68 0.01 | 50.10 | 24.50 | 27.70 | 75.80
28 6.64 6.54 1.53 0.01 | 49.80 | 22.20 | 29.20 | 65.00
30 6.62 6.54 1.22 0.00 | 50.20 | 24.20 | 27.70 | 74.80
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= g = %
A1TN N.7 HAMINADDINANNITANNLIIDINA 1 m/s gUNNN 60 °C

time m m, MC,, MR Ty RH,, T, RH_,
() | ke | kg | %) (O | (%) (%) | (%)
0 8.73 6.48 | 34.72 1.00 | 62.10 | 25.70 | 28.50 | 73.50
1 7.44 6.48 14.81 0.42 | 59.90 | 16.50 | 29.50 | 65.30
2 7.20 6.48 11.11 032 | 60.00 | 12.70 | 30.20 | 59.00
3 111 6.48 9.72 0.28 | 59.80 | 12.50 | 30.90 | 54.80
4 7.02 6.48 8.33 0.24 | 59.20 | 12.20 | 31.70 | 52.50
5 6.97 6.48 7.56 0.21 pY.90 | 13.30 | 3250 | :55.10
6 6.92 6.48 6.79 0.19 | 61.30 | 13.10 | 32.40 | 56.20
7 6.89 6.48 6.33 0.18 | 60.00 | 13.80 | 32.40 | 57.20
8 6.85 6.48 5.71 0.16 | 59.40 | 14.60 | 31.20 | 62.50
10 6.76 6.48 4.32 0.12 | 59.90 | 13.40 | 29.20 | 66.90
12 6.67 6.48 2.93 0.08 | 59.90 | 13.10 | 30.30 | 62.10
14 6.64 6.48 2.47 0.07 | 60.00 | 12.40 | 29.80 | 61.80
16 6.59 6.48 1.70 0.04 | 59.20 | 12.80 | 29.60 | 62.90
18 6.56 6.48 1.23 0.03 | 59.40 | 14.70 | 28.60 | 72.60
20 6.52 6.48 0.62 0.01 59.10 | 13.70 | 29.70 | 65.70
22 6.49 6.48 0.15 0.00 | 59.90 | 13.00 | 30.20 | 64.20

50



: 3 n
M1TN N.8 f*lﬁﬂ'l‘i‘Vlﬂ'ﬂﬂﬂﬁﬁﬂ”l’.l%ﬂ'l'lilﬁ’m'lﬂ'lﬁ 1 m/s gUNAN 70 °C

time m m, MC,, MR T, RH,, - RH_,

() | kg | kg | (%) 0| & | & | (%
0 8.36 6.23 | 3419 | 1.00 | 68.80 | 9.10 | 29.50 | 70.50
1 6.89 6.23 | 10.59 | 030 | 68.80 | 890 | 31.00 | 62.80
2 6.72 6.23 7.87 022 | 69.80 | 8.80 | 31.40 | 63.40
3 6.65 6.23 6.74 0.19 | 69.10 | 870 | 32.10 | 62.20
4 6.58 6.23 5.62 0.16 | 69.40 | 8.50 | 31.60 | 62.60
5 6.53 6.23 4.82 0.13 | 68.80 | 9.30 | 31.80 | 64.10
6 6.48 6.23 4.01 0.11 | 68.60 | 8.70 | 32.30 | 59.30
7 6.44 6.23 3.37 009 | 69.20 | 7.90 | 32.70 | 56.30
8 6.41 6.23 2.89 0.08 | 6940 | 8.10 | 32.40 | 58.60
10 6.32 6.23 1.44 0.03 | 68.50 | 8.90 | 29.60 | 70.40
12 6.27 6.23 0.64 0.01 | 68.10 [ 9.40 | 29.00 | 72.80
14 6.25 6.23 0.32 0.00 | 69.00 | 8.60 | 30.20 | 69.00
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