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MATHEMATICAL MODELS AND PHYSICAL PROPERTIES OF
THIN-LAYER DRYING OF NAM DOK MAI MANGOES
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Abstract

This research demonstrates the thin layer drying of Nam Dok Mai mangoes by
controlling the drying temperature and the air velocity. The 200 ¢ of Mangoes were
dried for the temperature of 40, 50, and 60 °C, at air speed of 0.8, 1.0, 1.2 and 1.4 ms’1
until its final moisture content reach to 30 % (d.b.). Besides the effects of drying air
temperature and velocity, seven different thin-layer models were fitted to the
experimental data of mangoes. The Modified Henderson and Pabis model were
revealed to be the best. The value of R of the Modified Henderson and Pabis model
was 0.9978, indicating good fit and RMSE were also good 0.5879 %. Moisture diffusivity

of mangoes have been determined experimentally and moisture diffusivity varied

from 1.54 x 107" t0 0.88 x 10""m”s " and the higher temperature which the resulted in

the increase value of the shrinkage.
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uzshathnenld (Nam Dok Mai) Sedvendans (Mansifera indica L) uuzaia
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Figure 1 Nam Dok Mai Mangoes Figure 2 Cube-shaped mangoes size 1x2x0.5 cm’

251



Life Sciences and Environment Journal 2022; 23(1): 249-258
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Figure 3 Schematic diagram of the laboratory dryer
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Table 1 Thin-layer mathematical drying models

NO. Model Name Model Equation
1 Newton MR = exp(-kt)
2 Page MR = exp(-kt")
3 Henderson and Pabis MR = aexp(- kt)
4 Logarithmic MR = aexp(-kt) + ¢
5 Two term MR = aexp(-kt) + bexp(-gt)
6 Modified Page MR = exp[-(kt)"]
7 Modified Henderson and Pabis MR = aexp(-kt) + bexp(-gt) + cexp(-pt)

Remark Roberts et al. (2008), Singh et al. (2006), Hassan-Beygi et al. (2009), Doymaz & Ismail (2011)

RUISE = 1 i(MRW MR, )Z (3)
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Figure 4 Effect of drying air temperature and velocity on drying time for Modifile

Handerson and Pabis model
A) Air velocity at 0.8 ms-1
C) Air velocity at 1.2 ms

B) Air velocity at 1.0 ms-1
D) Air velocity at 1.4 ms "

NNNA 4 (Figure 4) Nan15MAaed Usuiamutuianassaiatazdanuasunlas

AUTRTINTRURITTRUAUATNTURAE QMg Tivete1N1A TavziiiudTunanuduanas

AULIAINITOULAY LnBkuuT1a0In1IAdinAIan SNaIu1saviuIERan1TNaaedbaffdan

= o . .o a -1
ABLLUUYNAD9U9Y Modified Henderson and Pabis NYUNNI 60°C Aaksal 1.4 ms

a 2 0w a v i a ' o :4'
Iﬂﬁlllﬂ’] R tvm1AU 0.99 agdA1 RMSE tm1nu 0.58 % LLazﬂ’IWﬁWLmaﬁ‘Gl’N ] ANATTNN 2

(Table 2)
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Table 2 Parameter value, coefficient of determination (RZ) and Root Mean Square

Error (RMSE) value of the different models for Nam Dok Mai mangoes

2

Temp Model Parameter R RMSE(%)
Newton k =0.1276 0.9918 1.9297
Page k =0.1602, n = 0.8979 0.9942  1.6092
Henderson and Pabis k = 0.1255, a = 0.9849 0.9919 1.9103
Logarithmic k =0.1358, a = 0.9838, c = 0.927 0.9514  1.2790
40°C Two term k =0.1653,a = 0.8703, b = 0.1541, ¢
0.9785  0.8097
=0.0341
Modified Page k =-0.1602, n = 0.8979 0.9942  1.6092
Modified Henderson k = 0.1655,a = 0.4347, b = 0.1554, c
0.9626  0.9297
and Pabis =0.4343, ¢ = 0.0445, p = 0.1655
Newton k = 0.2049 0.9457  3.9876
Page k =0.3860, n = 0.6419 0.9869  1.9564
Henderson and Pabis k =0.1785, a = 0.8969 0.9534  3.6924
Logarithmic k =0.2135, a= 0.9060, c= 0.0312 0.9764  2.6290
50°C Two term k =0.3401,a = 0.7774, b= 0.2184, ¢=
0.9976 0.8398
0.0503
Modified Page k =-0.3860, n= 0.6419 0.9869 1.9564
Modified Henderson k = 0.0504, a = 0.2185, b = 0.3886, c
0.9976  0.8398
and Pabis = 0.3886, g= 0.3402, p = 0.3402
Newton k = 0.3406 0.9123 4.2831
Page k= 0.6545, n = 0.5059 0.9912  1.3539
Henderson and Pabis k =0.2862, a = 0.8807 0.9227 4.0196
Logarithmic k = 0.3509, a = 0.8904, c = 0.0317 0.9612  2.8496
60°C Two term k =0.6004, a = 0.7900, b = 0.1953, ¢
0.9966  0.8488
= 0.0565
Modified Page k =-0.6545, n = 0.5059 0.9912  1.3539
Modified Henderson k =0.4309, a = 0.6448, b= 0.1971,
0.9978 0.5879

and Pabis

c=0.1579, g = 3.0378, p = 0.0481

2. dudsgAnsnNIsunTANAY @1usamlaan ngdenasdves Fick Asaunisi (6)
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Figure 6 Variations of moisture diffusivity of long peppers as a function of the

reciprocal of absolute drying air temperature (T,,)
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