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Ginger Drying Using Infrared-Vacuum Technique
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Department of Mechanical Engineering, Faculty of Engineering, Ubon Ratchathani University.
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The objectives of this research were to study ginger drying using infrared-vacuum technique and to find
out the appropriate thin layer equation for predicting the drying kinetic of ginger. To achieve these purposes,
experiments were conducted on the following conditions: absolute pressures in drying chamber of 5, 10, 15 kPa
and drying temperatures of 40, 50, 60°C. The effects of drying conditions on moisture ratio, drying rate and
specific energy consumption were also investigated. From experimental results, it was revealed that increment of
drying temperature or decrement of absolute pressure in drying chamber cause high drying rate and low spe-
cific energy consumption. Furthermore, it was found that thin layer equation providing the highest coefficient of

determination (REJ and the lowest root mean square error (RMSE) is Modified Henderson and Pabis equation.

Keywords : ginger drying, infrared-vacuum, thin layer equation
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AN und fhszwe (kg) (min) (kWh) v v
fuysnl (kPa) (C) (kWh/kg)
40 0.0452 142 1.01 2235
5 - 0.0455 99 0.66 14.50
- 0.0455 55 0.46 10.11
40 0.0452 149 1.07 23.67
10 - 0.0455 10 0.71 15.60
- 0.0452 65 0.50 11.06
40 0.0454 151 1.14 25.13
15 - 0.0455 103 093 20.44
- 0.0449 66 0.54 12.03
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Aomuns winimns X, X, X, X, R, RMSE
Newton K -0.08141 0.00261 0.00286 -0.00008 0.97067 0.05120
Page K -0.02026 0.00070 0.00067 -0.00002 0.99478 0.02160
y 0.90886 0.00935 0.01225 -0.00029
Henderson and Pabis a 0.86889 0.00616 0.02315 -0.00054 0.98536 0.03610
k -0.10140 0.00318 0.00407 -0.00011
Wang and Singh a 0.03169 -0.00123 | -0.00077 0.00003 0.97658 0.04570
b -0.00048 0.00001 0.00001 0.00000
Two term exponential a -0.00002 0.00000 0.00000 0.00000 0.97129 0.05060
k -446.874 215198 469137 -0.34783
Modified Page | k 0.14782 0.00021 -0.01297 0.00023 097153 0.05040
v -0.51958 0.01658 0.03357 -0.00078
Logarithmic a 0.92691 0.00472 0.02977 -0.00058 099315 0.02470
k -0.08605 0.00273 0.00374 -0.00011
(o] -0.02862 0.00011 -0.00862 0.00006
Approximation of diffusion a 293318 0.00906 0.03379 -0.00012 0.98881 0.03160
b 0.82070 0.00017 -0.00572 0.00005
k -0.04638 0.00152 0.00182 -0.00005
Verma et al. a 497368 -0.23305 -0.49069 0.00915 0.99115 0.02810
o] -0.05279 0.00165 0.00168 -0.00005
k -0.05243 0.00160 0.00169 -0.00005
Midilli a 0.86368 0.00352 0.01932 -0.00043 0.99720 0.01580
b -0.00034 0.00001 -0.00012 0.00000
k -0.03193 0.00101 0.00187 -0.00004
n 0.98938 0.00865 -0.01972 0.00025
Two term a -247.751 596819 8.18974 -0.19893 0.99650 0.01770
b 248.822 -5.96811 -8.18257 0.19872
K, -0.26429 0.00697 0.00678 -0.00018
K, -0.26447 0.00699 0.00686 -0.00018
Modified Henderson and a -17.2740 0.25480 2.96650 -0.05111 0.99783 0.01390
Pabis b 2.23530 -0.00510 | -1.20980 0.01702
c 15.9074 -0.24400 -1.75340 0.03390
g -0.05450 0.00169 0.00050 -0.00003
h -0.01713 0.00126 -0.00602 0.00008
K 0.01011 0.00048 -0.00522 0.00009
Umphisak Teeboonma and Sakchai Jongjam / Burapha Sci. J. 15 (2010 76-86 83
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Murdannia Lorifomis drying using infrared-vacuum technique
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Abstract

The objectives of this research were to study Murdannia lorifomis drying using infrared-vacuum technique
and to find out the appropriate thin layer equation for predicting the drying kinetic of Murdannia lorifomis. To
achieve these purposes, experiments were conducted on the following conditions: absolute pressures in drying
chamber of 5, 10, 15 kPa and drying temperatures of 40, 50, 80°C. In this work, effects of drying conditions on
moisture ratio, drying rate and specific energy consumption were investigated. From experimental results, it was
revealed that increment of drying temperature or decrement of absolute pressure in drying chamber result in
high drying rate and low specific energy consumption. Furthermore, it was found that the suitable thin layer
equation to predict the drying kinetic of Murdannia lorifomis providing the highest coefficient of determination

(Rz, 0.99377) and the lowest root mean square error (RMSE, 0.02422) is Modified Henderson and Pabis

equation.

Keywords: Drying rate, Herb drying, Infrared-vacuum drying, Thin layer equation
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No. Model equation Name of model References

1 | MR = exp (-kt) Newton Lui, 1997

2 MR = exp (-kty) Page Sharma and Prasad, 2001

3 | MR =exp (-(kt)y) Modified Page | Diamante and Munro, 1993
4 | MR = a exp (-kt) Henderson and Pabis Doymaz, 2004

5 | MR=1+at+ bt2 Wang and Singh Ozdemir and Devres, 1999
6 | MR =a exp (-kt)+c Logarithmic Togrul and Pehlivan, 2002

7 | MR = a exp (-kit)+b exp (-kot) Two term Rahman and Perera, 1998
8 | MR = a exp (-kt)+(1-a) exp (-kat) Two term exponential Sharaf-Elden et al, 1980

9 | MR = a exp (-kt)*b exp (-gt)+c exp (-ht) | Modified Henderson and Pabis | Karathanos, 1999

10 | MR = a exp (-ktn)+bt Midilli Midilli et al, 2002

11 | MR = a exp (-kt)+(1-a) exp (-kbt) Approximation of diffusion Yaldiz et al, 2001

12 | MR = a exp (-kt)+(1-a) exp (-gt) Verma et al. Verma et al, 1985
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2

Model Parameter X, X, X, X, R RMSE
Newton k -0.231833 | 0.007092 | 0.005462 | -0.000183 |0.92733| 0.08272
Page k 0.048405 -0.000805 -0.000036 0.000004 | 0.99055 | 0.02982
y -3.169761 | 0.113759 | 0.108240 | -0.003226

Modified Page | k -0.006976 | 0.000189 | 0.000344 | -0.000009 |0.93531 | 0.07805
y 137.248082 | -2.008757 | 11.162308 | -0.115423

Henderson and a 0.299067 | 0.021314 | 0.002513 | -0.000220 |0.96243 | 0.05947
Pabis k -0.362850 | 0.010522 | 0.010184 | -0.000309

Wang and Singh a 0.113555 | -0.003776 | -0.002388 | 0.000091 |0.91511| 0.08940
b -0.003704 | 0.000101 | 0.000146 | -0.000004

Logarithmic a 0.417257 | 0.018902 | 0.004186 | -0.000202 |0.96881 | 0.05419
k -0.385997 | 0.010743 | 0.013446 | -0.000376
c -0.331715 | 0.005871 | 0.009913 | -0.000256

Two term a -235.103256 | 3.322311 | 13.074030 | -0.190005 |0.98035 | 0.04301
b 235.519369 | -3.305267 | -13.073610 | 0.189869
Ky -235.103256 | 3.322311 | 13.074030 | -0.190005
K, 0.023090 | 0.001680 | -0.003498 | -0.000004

Two term a 0.687710 | 0.030597 | -0.045245 | 0.000635 |0.97551 | 0.04802
exponential k -0.464795 | 0.013470 | 0.011853 | -0.000370

Modified a -560.121320 | 14.080363 | 11.621706 | -0.294572 |0.99377 | 0.02422
Henderson and b 369.058110 | -9.299762 | -16.340262 | 0.414304
Pabis c 192.975266 | -4.803914 | 4.693947 | -0.118966
g -0.437545 | 0.014880 | 0.002697 | -0.000261
h -0.684405 | 0.018909 | 0.009886 | -0.000374
k -0.528377 | 0.016292 | 0.002488 | -0.000253

Midilli a 0.205149 | 0.019303 | 0.010947 | -0.000387 |0.98142 | 0.04183
b 0.005827 | -0.000126 | -0.000262 | 0.000006
k -0.251828 | 0.006455 | 0.012324 | -0.000313
n 2926548 | -0.030363 | -0.093918 | 0.001941

Approximation of a -3.128917 | 0.006276 | -1.661523 | 0.024512 |0.96205| 0.05977
diffusion b -0.314285 | 0.029216 | 0.055404 | -0.001194
k 0.242399 | -0.003365 | -0.013417 | 0.000215

Verma et al. a -68.591402 | 1.069877 | 2.723347 | -0.048649 |0.96198 | 0.05983
g 0.271223 | -0.003731 | -0.021532 | 0.000358
0.312931 | -0.004631 | -0.023790 | 0.000404
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Abstract

The objective of this research was to comparative study on specific energy consumption (SEC) of herb drying using infrared-
vacuum technique and heater-vacuum technique. In this work, heart-leaved moonseed (Tinospora crispa) was selected as testing
product. The experiments were performed at the following conditions: absolute pressures in drying chamber ranging from 5, 10, 15 kPa
and drying temperatures of 40, 50, 60°C. The distance between heat source and the product was fixed at 15 cm. From experimental
results, it was revealed that SEC of herb drying decreases with decreasing absolute pressure of drying chamber or increasing drying
temperature. Additionally, it was also found that SEC of herb drying using infrared-vacuum technique is lower than that using heater-

vacuum technique.
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Abstract

The objective of this research was to comparative study on
specific energy consumption (SEC) of herb drying using infrared-
vacuum technique and heater-vacuum technique. In this work,
heart-leaved moonseed (Tinospora crispa) was selected as
testing product. The experiments were performed at the following
conditions: absolute pressures in drying chamber ranging from 5,
10, 15 kPa and drying temperatures of 40, 50, 60°C. The
distance between heat source and the product was fixed at 15
cm. From experimental results, it was revealed that SEC of herb
drying decreases with decreasing absolute pressure of drying

chamber or increasing drying temperature. Additionally, it was

also found that SEC of herb drying using infrared-vacuum

technique is lower than that using heater-vacuum technique.
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