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Comparison of Thin-Layer Drying Models Suitable for Fishmeal
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119 Weibull Distribution, Midilli et al. kaz Page auday fd1 R’ ag'lwm 0.9977-0.9998, Adjusted R’
0.9974-0.9997, SSE 0.0002093-0.002719 &z RMSE 0.00647-0.01767 TagAuuUsIa0IaLLRITHLNS
Weibull Distribution mminﬁﬂmmha”@mmumm%maaﬂmﬂu"lﬁl,l,ajuﬂ"ﬁﬁq@ﬁ@h R’ agj'lum’*m 0.9985-
0.9998, Adjusted R2 0.9978-0.9997, SSE 0.0002093-0.001733 waz RMSE 0.00647-0.01636
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Abstract

This research is a comparison of thin layer drying model and the experimental results of dried
fishmeal for drying temperatures 70, 80, 90 and 100 °C and air velocities at 0.5, 1 and 2 m/s. Ten models
of Thin-Layer drying used in this research were Newton, Page, Henderson and Pabis, Logarithmic,
Weibull Distribution, Midilli et al., Verma et al., Two term exponential, Modified Henderson and Pabis and
Wang and Singh. The results indicated that three models of thin layer drying, namely, Weibull Distribution,
Midilli et al. and Page, could well predict the moisture ratio values of fishmeal with R2 values of 0.9977-
0.9998, Adjusted R2 values of 0.9974-0.9997, SSE values of 0.0002093-0.002719 and RMSE values of
0.00647-0.01767. Finally, the best model was Weibull Distribution, the moisture ratio values of fishmeal
with R values of 0.9985-0.9998, Adjusted R’ values of 0.9978-0.9997, SSE values of 0.0002093-
0.001733 and RMSE values of 0.00647-0.01636.
Keywords: Drying; Model; Moisture ratio; Fishmeal
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2.335n1INAa09 1. drdanduurtsiinnnuaalgd 1y s
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WUUIRDS RUNII a"wﬁa

1. Newton MR = exp(-kt) [10, 11, 14, 15]

2. Page MR = exp(-kt") [6, 7, 10, 11, 12, 14]
3. Henderson and Pabis MR = a exp(-kt) [6, 7, 10, 11, 12, 13]
4. Logarithmic MR = a exp(-kt) + b [6, 7, 10, 11, 12, 14]
5. Weibull Distribution MR=a-b exp(-(ktn)) [12, 16]

6. Midilli et al. MR = a exp(-kt") + bt [10, 11]

7. Verma et al. MR = a exp(-kt) + (1-a)exp(-gt) [10, 11, 15]

8. Two term exponential MR = a exp(-kt) + (1-a)exp(-kat) [10, 11, 15]

9. Modified Henderson and Pabis MR = a exp(-kt) + b exp(-gt) + ¢ exp(-ht) [10, 14, 16]

10. Wang and Singh MR =1 + at + bt’ [6, 10, 11, 12, 14, 15]

Wa MR Ao 9ATEIBANTH (no unit)
A . A o .
a,b,c,n kg h A AIAINTBINNTOLUAI (no unit)
A v
t Aa nanlunsauuis (h)
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3. mmmm%ugﬁml,ﬁo (moisture content dry
basis, My,) LAV ATIEIAI T (moisture
ratio, MR) 2831a11u nnsmlseuLisudn
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m, €8 mamaaaa@mamim(kg)

m, fo N8UDITAAUAY (kg)

Mt - Meq
MR = ——= )
M - M
i eq
Wea MR fa aan&Iwaad (no unit)
M, fa enuTuialag (%d.b.)
M f AN duSue (%d.b.)
Mg A8 AMUTUENGA (%d.b.)
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LR ULYAIATNLIBAIVBINITZUIRNITOULRIN
RNZAIMALLE [18-19]
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RHEY 0.2
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Wang and Singh
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Experiment T=70 °C
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TN 2 AANNLUBILAZAAINVBILDUTIREY (ANWLT181ME 0.5 m/s amnnd 70 °C)

Model R2 Adjusted | SSE RMSE |a b ¢ n k g h
R2

1 0.9631]0.9631 0.04342 |0.06946 | - - - - 0.2958 | - -
2 10.9988|0.9986 |0.001462 |0.01352]- - - 1.511]0.1481 |- -
3 10.9706|0.9669 |0.03465 [0.06581|1.077 - - - 0.3165] - -
4 10.9885|0.9852 |0.0136 0.04407]1.232 -0.1862 |- - 0.2208 | - -
5 10.9992/0.9987 |0.0009966|0.01289|-0.01819|-1.011 - 1.48 [0.1464 |- -
6  10.9991/0.9987 |0.001041 |0.01317]0.9922 |-1.63E-03 |- 1.49410.1461 -
7 10.9787|0.9726 |0.02513 |0.05992|-31.68 |- - - 0.1798]0.1828 | -
8 10.9959/0.9954 |0.004828 |0.02457]2.012 - - - 0.4606 | - -
9 10.9968|0.9928 |0.003753 |0.03063|3.031 -2.534 0.4971] - 0.5113]0.7364 | 0.6476
10 [0.9952|0.9945 |0.005707 [0.02671]-0.2152 ]0.01146 |- - - - -

TN 3 AANNUUBILAZAIAINVBILDUTIREY (AMULT181ME 0.5 m/s amnnd 80 °C)

Model |R® Adjusted | SSE RMSE |a b c n k g h
RZ

1 10.9672|0.9672 |0.03887 |0.06572 - - - - 0.3276 |- -
2 10.9979|0.9976 |0.002497|0.01767 |- - - 1.475|01777 | - -
3 10.9731]0.9697 |0.03191 |0.06316|1.07 - - - 0.348 |- -
4 10.9891)0.986 0.01289 |0.0429 [1.192 -0.1489 |- - 0.2554 | - -
5 10.9987]0.998 0.001547|0.01606 | -0.02527 | -1.019 - 1.424 101773 | - -
6 10.9986|0.9979 |0.001696|0.01681|0.9933 |-2.28E-03 |- 1.444|0.1773 -
7 10.9963]0.9952 |0.004406|0.02509|10.98 - - - 0.631 |0.6907 |-
8 10.995210.9945 |0.005746|0.0268 |1.989 - - - 0.5005 | - -
9 10.9971]0.9935 [0.00344 |0.02932|-0.2351 |-8.797 10.04 | - 1.129 ]0.2023|0.2186
10 |0.9975]0.9972 |0.002988|0.01933|-0.2336 |0.01338 |- - - - -

AN 4 AANNUABELAZAIAINTBILLLEIREY (ANNLSI8IME 0.5 m/s qmmﬂﬁ 90 ‘C)
2

Model |R Adjusted | SSE RMSE |a b c n k g h
RZ

1 10.9731/0.9731 |0.03155 |0.05921]0.379 - - - 0.379 |- -
2 ]0.9992|0.9991 |0.0009176|0.01071 |- - - 1.458|0.2229 | - -
3 10.9776]0.9749 |0.02625 |0.05728|1.063 - - - 0.3992 |- -
4 10.9884|0.9851 |0.01362 |0.04412]1.139 -0.09498 |- - 0.3213 |- -
5 10.999410.9991 |0.0006715|0.01058 |-0.01044 |-1.007 - 1.434|0.2222 | - -
6 [0.9994/0.9991 |0.0007298|0.01103|0.9963 |-9.69E-04 |- 1.446|0.2221 -
7 10.9885]/0.9852 [0.01348 |0.04388|-10.79 |- - - 0.1714/0.1833 | -
8 10.9975]/0.9972 |0.002889 |0.019 [1.994 - - - 0.5781 |- -
9 10.9894|0.9762 |0.01244 |0.05577|-28.27 |30.29 -0.9878 | - 0.4314|0.4354 | 0.6827
10 ]0.9943]0.9936 |0.006671 |0.02888 |-0.2597 |0.0163 - - - - -
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7197 5 AaNNLLBELazA1AINTaILLUIREY (ANULT8IME 0.5 m/s amnnil 100 °C)

Model | R® Adjusted | SSE RMSE |a b c n k g h
R2

1 10.9777]0.9777 [0.02356 | 0.05427 |- - - - 0.4167 |- -
2 10.999 ]0.9988 [0.001099 |0.01253 |- - - 1.4 [0.2707 |- -
3 10.9809|0.9782 |0.02021 |0.053741.051 - - - 0.4346 | - -
4 10.9929/0.9906 |0.007467 [0.03528]1.143 -0.114 - - 0.3354 | - -
5 10.9994/0.9991 |0.0005844|0.01081[-0.01947 |-1.017 - 1.349(0.2709 | - -
6 10.99940.999 0.0006457|0.01136|0.9971 |-2.19E-03 | - 1.363|0.2726 -
7 10.9935|0.9914 |0.006821 |0.03372]26.23 - - - 0.2074|0.2017 |-
8 10.9975|0.9972 |0.002607 |0.0193 |1.945 - - - 0.6196 | - -
9 10.995 |0.9867 |0.005257 |0.04186|20.78 -0.6941  |-19.06 | - 0.35980.1566 | 0.3679
10 ]0.9985|0.9983 |0.001617 |0.0152 |-0.2937 [0.02135 |- - - - -

a137 6 naNuLlnEUATAIAINYBILLLIIRES (ANUTIBIMA 1 m/s ganail 70 C)

Model | R® Adjusted | SSE RMSE |a b c n k g h
R2

1 10.9659|0.9659 |0.03995 |0.06663 |- - - - 0.3052 | - -
2 10.9977|0.9974 |0.002719]0.01843 |- - - 1.47410.1615] - -
3 10.9722]10.9688 |0.0325 |0.06374|1.072 |- - - 0.3248 | - -
4 10.9897|0.9868 |0.01202 |0.04144|1.217 |-0.1759 |- - 0.2293 | - -
5 10.9985|0.9978 [0.001733|0.017 |-0.0285]-1.021 - 1.421[0.1608 | - -
6 10.9984|0.9976 |0.001856|0.01759]0.9921 |-2.51E-03 |- 1.441]0.1608 -
7 10.9956|0.9943 |0.005206|0.02727|37.71 |- - - 0.5779|0.5915 | -
8 10.9948]0.9942 |0.006086|0.02758|1.981 |- - - 0.4665 | - -
9 10.9946|0.9879 |0.006285|0.03964 |-5.862 |7.711 -0.8531 | - 0.4238|0.4315]0.9872
10 |0.997 10.9966 |0.003571|0.02113]-0.2204|0.012 - - - - -

37 7 nanuuinduasa1nInveILULIIaad (ANuFIeIMe 1 m/s ganail 80 C)

Model | R Adjusted | SSE RMSE |a b c n k g h
R2

1 10.968 |0.968 0.03799 |0.06497 | - - - - 0.3425] - -
2 10.9986|0.9984 |0.001706]0.0146 |- - - 1.487(0.1865 | - -
3 10.9736|0.9703 [0.03135 |0.0626 |1.069 - - - 0.3631 |- -
4 10.988 |0.9846 |0.01427 |0.04515)|1.174 -0.1299 |- - 0.275 |- -
5 10.999 10.9986 [0.001147|0.01383|-0.01689|-1.01 - 1.456(0.1844 | - -
6 10.999 10.9984 |0.001245|0.0144 |0.9924 |-1.54E-03 |- 1.47210.1841 -
7 10.968 10.9589 |0.03799 |0.07366|1.415 - - - 0.3415/0.3385 | -
8 10.9959|0.9954 [0.004866 |0.02466 | 1.998 - - - 0.5245]- -
9 10.9957]0.9904 [0.005086|0.03566|-1.821 |-0.3227 |3.167 |- 0.198 |0.7965|0.2664
10 |0.9967]0.9962 |0.003965|0.02226|-0.2421 |0.01433 |- - - - -
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a137 8 FnaNuLnEUATAIAINYBILLLIIRES (ANUFIBMA 1 m/s ganail 90 “C)

Model | R® Adjusted | SSE RMSE |a b c n k g h
R2
1 0.9737]0.9737 [0.03076 |0.05846 | - - - - 0.3889 | - -
2 10.999 |0.9988 |0.001202 |0.01226 |- - - 1.456 |0.2316 |- -
3 10.9779]10.9751 |0.02588 |0.05688 |1.061 - - - 0.4089 | - -
4 10.988 |0.9845 [0.01408 ]0.04484|1.131 -0.08864 |- - 0.3328 | - -
5 10.9992]0.9987 |0.0009814|0.01279(-0.009229|-1.005 - 0.2297 [1.437 |- -
6 [0.9991]0.9987 |0.001038 |0.01315|0.9951 -8.38E-04 | - 1.449 |0.2295 -
7 10.998 10.9974 |0.002342 |0.01829 |-20.01 - - - 0.7956 | 0.7599 | -
8 10.9972]10.9969 |0.003262 |0.02019(1.989 - - - 0.591 |- -
9 10.9935|0.9854 |0.007576 |0.04352|-24.63 -0.2981 25.95]- 0.4106[1.591 [0.4139
10 ]10.993 10.9921 |0.008176 |0.03197 |-0.2641 0.0168 - - - - -
TN 9 ANANNUUBILAZAIAINVBILDVTIADY (AMULTIDIMA 1 m/s amn)d 100 °C)
Model | R® Adjusted | SSE RMSE a b c n k g h
R2
1 0.977710.9777 0.02366 |0.05439 |- - - - 0.4393 | - -
2 10.9993/0.9992 |0.000717 [0.01012 |- - - 1.419)0.2856 | - -
3 10.9808|0.978 0.02044 [0.05404 [1.051 |- - - 0.4579 | - -
4 10.9915/0.9887 |0.009013 [0.03876 [1.13 -0.09815 |- - 0.3639 | - -
5 10.9996|0.9993 |0.0004391)0.009371 |-0.0125|-1.01 - 0.285(1.386 |- -
6 ]0.9995]|0.9993 |0.0004837|0.009836|0.9971 |-1.44E-03 |- 1.396 | 0.286 -
7 10.9777]10.9703 |0.02366 |0.0628 0.5074 |- - - 0.43840.44 |-
8 10.998 |0.9977 |0.002152 |0.01753 |1.967 |- - - 0.6595 | - -
9 10.9855[0.9612 |0.01545 |0.07176 |-0.3099|17.71 -16.36 | - 0.6799(0.42|0.4143
10 10.997410.9971 |0.002736 |0.01977 |[-0.30610.02302 |- - - - -
TN 10 AIANULNBEUAZAIAINDBILLLIIRDI (ANNLTIONE 2 ms amnail 70 °C)
Model | R® Adjusted | SSE RMSE |a b c n k g h
RZ
1 0.9675]|0.9675 |0.03814 |0.0651 |- - - - 0.315 |- -
2 10.9981|0.9979 [0.002225|0.01668 |- - - 1.4680.1702] - -
3 10.9737]0.9704 [0.03089 [0.06214[1.071 - - - 0.335 |- -
4 10.9893|0.9863 [0.01253 |0.0423 [1.198 -0.1554 |- - 0.244 |- -
5 10.9986|0.998 0.001597|0.01631[-0.02172|-1.017 - 1425|017 |- -
6 |0.9986|0.9978 [0.001687[0.01677]0.9942 |-1.93E-03 |- 1.441|0.17 -
7 10.989 |0.9859 [0.01287 [0.04287[-4.142 |- - - 0.1267[0.1526 | -
8 10.9957]0.9951 |0.005083|0.02521[1.986 - - - 0.4822] - -
9 10.9951/0.989 0.00572 |0.03782|-23.95 |25.78 -0.8116 | - 0.3262]0.3325|0.7212
10 |0.9967]0.9963 [0.003908|0.0221 |-0.2266 |0.01269 |- - - - -
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317 11 AanuLBIUAzAIAINTILLLIIRDY (ANUTI81MA 2 m/s gasnAil 80 “C)

INETTZ28

2

Model |R Adjusted | SSE RMSE |a b c n k g h
R2
1 0.9721]10.9721 0.03273 |0.0603 |- - - - 0.3571 |- -
2 [0.9987/0.9985 |[0.001561[0.01397 |- - - 1.45 |0.2069 |- -
3 10.9769|0.974 0.02711 ]0.05821[1.064 - - - 0.3769 | - -
4 10.9891|0.986 0.01278 [0.04273[1.153 -0.111 - - 0.2947 | - -
5 10.999 |0.9986 |0.001126)|0.0137 |-0.01513|-1.011 - 1.417|0.206 |- -
6 [0.999 [0.9984 |0.001213]0.01422|0.9948 |-1.38E-03 |- 1.4320.2059 -
7 10.9746|0.9673 |0.02978 |0.06523|24.1 - - - 0.3026 [ 0.3002 | -
8 10.9967[0.9963 |0.003884|0.02203|1.979 - - - 0.5415| - -
9 10.9987]0.9972 |0.001484|0.01926|-11.36 | 6.958 5.403 |- 1.146 |1.357 |0.7254
10 [0.996410.9959 |0.004272|0.02311[-0.2493 |0.01515 |- - - - -
TN 12 AIANMULNBEUAZAIAINDILLLIIRDI (ANNLTIOINE 2 ms annd 90 °C)
Model | R® Adjusted | SSE RMSE |a b c n k g h
RZ
1 0.9765]0.9765 |0.02707 |0.05484 |- - - - 0.4024 | - -
2 10.9983|0.9981 [0.001949|0.01561 |- - - 1.419 |0.2524 |- -
3 10.9799|0.9773 [0.02322 |0.05387|1.055 - - - 0.4208 | - -
4 [0.989 |0.9859 [0.01265 |0.04251[1.118 -0.08045 |- - 0.3477 | - -
5 10.9986|0.9979 [0.001607|0.01636|-0.01143 |-1.006 - 0.2497[1.396 |- -
6 10.9985]0.9978 |0.0017 |0.01683|0.994 -1.03E-03 | - 1.41 0.2497 -
7 10.9898|0.9869 [0.01172 |0.04092[-9.497 |- - - 0.1905|0.2043 | -
8 10.9966|0.9962 |0.003906|0.0221 [1.953 - - - 0.6002 | - -
9 10.9848|0.9658 |0.01753 |0.0662 [4.557 -3.067 -0.4495 | - 0.4606|0.4543 | 0.6898
10 ]0.9919]0.9909 [0.03417 [0.03417|-0.2694 |0.01739 |- - - - -
TN 13 AIANULNBEUAZAIAINDBILLLIIRDI (ANNLTIONE 2 ms amnil 100 °C)
Model | R® Adjusted | SSE RMSE a b ¢ n k g h
RZ
1 0.9771]0.9771 |0.02458 |0.05543 |- - - - 0.4543 |- -
2 10.9996|0.9995 |0.0004627|0.00813 |- - - 1.438 |0.2938 |- -
3 10.9802|0.9774 [0.02124 |0.05508 [1.052 |- - - 0.4735 |- -
4 10.9908[0.9877 [0.009859 |0.04054 |1.127 [-0.09315 |- - 0.3799 |- -
5 10.99980.9997 [0.0002093|0.00647 |-0.0115]-1.011 - 0.2944 (1404 |- -
6 |0.99980.9996 |0.0002425|0.006963 |0.9989 |-1.38E-03 |- 1.414 |0.2953 -
7 10.9831]0.9775 [0.01806 |0.05487 |-26.21 |- - - 0.336 [0.3399 |-
8 10.998410.9982 [0.001706 [0.01561 [1.996 |- - - 0.6908 |- -
9 10.9919]0.9783 [0.008726 |0.05393 [-0.2415|1.258 0.01632] - 0.09695|0.3503 |0.3512
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| 10 [0.9964/0.9950 |0.003889 |0.02357 |-0.3132]0.02394 |-
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