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Figure 1 Rotating tray air-circulating drying.

1 = Cylindrical drying chamber, 2 = Air inlet pipe, 3 = Air intake fan, 4 = Control panel, 5 = Drying chamber door,

6 = Tray rack rotation motor, 7 = Air outlet pipe, 8 = Tray rack, 9 = Storage tray, 10 = Hot air outlet inside the drying chamber, 11 = Heater, 12 =Wheels.
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Figure 2 Arrangement of raw material.
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Figure 3 Relationship between moisture content, specific energy, and drying time at different drying temperatures, when MC is moisture content, and EC is

Energy consumption.
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Table 1 Moisture and energy data used in Drying fried bananas

Temperature (°C) Time (minutes)

Wet Basis Moisture Content (%)

Energy Consumption (kWh)

0 5.00+0.21* -

5 4.00+0.18® 0.38+0.02
70 10 3.87+0.17 % 0.78+0.05

15 3.76+0.18 ¢ 1.08+0.03

20 3.35+0.15 1.48+0.02

0 5.05+0.19* -

5 3.55+0.13° 0.42+0.02
80 10 3.45+0.13 % 0.87+0.10

15 3.35+0.12% 1.22+0.01

20 2.86+0.11 " 1.62+0.06

0 4.99+0.16 * -

5 3.25+0.23 F° 0.48+0.09
90 10 3.18+0.23 © 0.90+0.08

15 3.14+0.22 © 1.31+0.03

20 2.81+0.20 " 1.65+0.04

The ANOVA results indicate significant effects of both temperature (F = 120.41, P < 0.001) and time (F = 604.19, P < 0.001) on moisture content, along with a

significant interaction between temperature and time (F = 8.50, P < 0.001). This suggests that both factors and their interaction are crucial in influencing moisture

levels after drying. The Coefficient of Variation (CV) of 4.36 % reflects high reliability in the experimental data, with a Grand Mean moisture content of 3.7073 %.

Alpha 0.05, Standard Error for Comparison 0.0762, Critical T Value 1.981, Critical Value for Comparison 0.1511. There are 8 groups (A, B, etc.) in which the means

are not significantly different from one another.
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Before

164

After (20min)

70°C

80°C
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Figure 4 Color samples of bananas after drying for 20 minutes at different temperatures.

Figure 5 Banana drying products.
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panandly Table 2

Research Tools Test Results References
Study and development of a rotating Rotating Tray Air-Circulating ® 30°C This study
tray air-circulating drying cylindrical Drying ® 20 mins
chamber for application in the The initial moisture content is 5.05 %
agricultural product drying process (w.b.) and reduced to 2.85 % (w.b.).
Design and Testing of a Passive Solar Solar Dryer e 55C Keawsuntia (2021)
Dryer for Banana Drying ® 36hrs

®  The initial moisture content is

80 9% (w.b.) and reduced to 10 % (w.b.).
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Table 2 Comparison of research (Continue)

165

Research Tools

Test Results References

Study of Drying Raw Banana by Vacuum Cooperate with

Vacuum Cooperate with Superheated Superheated Steam

Steam Technique

® 170°C Inprasit et al. (2021)
® 50-80 mins (vacuum drying)

® The initial moisture content is

68 9% (w.b.) and reduced to 15 % (w.b.).

An experimental evaluation of drying Indirect solar dryer
banana slices using a novel indirect

solar dryer under variable conditions

® 30°C Mawire et al. (2024)
® 16 hrs

® The final moisture ratios are 0.20

Bananas Drying Performance with a Hot Air Dryer
Developed Hot Air Dryer Using Waste
Heat from Charcoal Production

Process

e 70°C Chunkaew et al. (2018)
® 17.75 hrs

® The final moisture content is

34.21 % (w.b.)

Air-drying of banana: Influence of Air-drying of banana
experimental parameters, slab
thickness, banana maturity and

harvesting season

Drying times to reach 70 % mass loss for

Nguyen & Price (2007)

drying 1 cm banana slabs:
® 30°C: 100 hrs
® 40°C: 42 hrs
® 50°C: 31 hrs
® 60°C: 22 hrs

® 70°C: 11 hrs

970 Table 2 msaUTsuifisunisidealeisniseuni
AELA3 9B UUTELANANY 9 LaRsliul sANUNaINNA18 YD
walulagnldlunisanaudulundedue wu n1sldgeuui

NEIUBEIDIANE N1TaURTIR181aU1ToU NIToUBRILUY

o a

Mo uaznseuwissganiou luldayisiidesuazdedian
unnsaiuly wu msldFouurmdsnunasefindfilindsnusi
wildanununiuasiimmnaiiosveseumgiitliasd
FnseuwishegeuurimssnszuenuumMAnYUgITe
denldduldsunisimutuiionaulanddosinvounalulad
Uiy Tnedigaaudenisnszaeanuiouiiaiianeuaznis
Ivadouvesenmefifiuszavinm sonseenuuuliniavuet
nelugau Prelindndueilisuanuseuainynianie vilvian
Aruduldsinduasssndandanuanniy yenanissaunn
Usugumniinaznaniseuldesausiuguitelldaniuuay
yosudnFuainui fosn13 TnsUszAnsamuoss sunis
nasnszvenuuunavgulunIsanaudy arunsovinldegng
sndazasiiane Jumnzautunisnanlussiugaannsy
wazanasainluvssendldlunisuusundndmueininisinuns

AU 9

d3UNan13IY
I1NNITNARDINAUIG DURTINTINTTUDNLUUAIANYY
Tngldaniafouiiioldlunszuiumsuusiunandanianisinuns

Uszianouus wud Yadenmnzaungalunisounogumgii

80°C LButaan 20 Wit FsawnsaanmuTuveandrenenain
5.05 % aunde 2.85 % lneldndsanu 1.62 kwh viefaduen
wasulih 0.07 visensuingdu lusveziian 20 Ui MAs
nswaniIAy 4.55 Alansusetalus viedndu 36.38 Alandy
Aoy wazanunsAwINAUYUNISHARREIBaINNE Ul
Aoy 6.47 vmsedalus vieAndy 51.74 vindetu wans
naaeansliiiud nslddeuwimsinszuenuuuainvyu

ansandssansamniseuwislaidienSsuisuiugevay

a o

Sounsedwdeunaly sl nsidengamgiivaziianlunzay

v o

udaseddniidwadonisanaudusaznisldndeauly
nIgUILNITEUNTY MIouLsfigamniigeraslinsananuty
Dululdiady uifdosldndsnuund uaulde §aans
95 o MANAATENI1AUANTB N AT eI uATA5LE

wasnuliAnUselevigan

fnAnssuUsenId
YOUDUAM UMINEFeEyIaana Aanstuaiudund

Y o fa o

atduayunuideluasall souns qudideinTesdnsnainunsuay

U

a [ I3

N a Y T = -1 a
INYINTUAINTTINULN YT UNNMINYIAEVBULNY N DLW BADIUN

- o ao X & o v i3
AT YA[INT LWE]IW’]‘IA’JR]EJ“LJLG?R]Li&JUiaEJﬁJJU”iiu

References
Aktas, M., Khanlari, A, Aktekeli, B., & Amini, A. (2017). Analysis of a

new drying chamber for heat pump mint leaves dryer.



R. Khanthawithi et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 159 - 167

Intemational Journal of Hydrogen Energy, 42(28), 18034—
18044. doi: 10.1016/j.ijhydene.2017.03.007

Chandramohan, V. P., & Talukdar, P. (2014). Estimation of
equilibrium moisture content and drying time of potato
through hot air drying. August 30, 2024. Retrieved from
file///C:/Users/ACER24/Downloads/chp-10.10072F978-
81-322-2743-4 21.pdf

Chunkaew, P., Tavata, A, Khadwilard, A, & Sriudom, Y. (2018).
Bananas drying performance with a developed hot air
dryer using waste heat from charcoal production process.
RMUTP  Research Joumal, 1X(1), 147-158. doi:
10.14456/jrmutp.2018.13

Database for Promoting and Upgrading the Quality of OTOP
Products. (2024). Banana processing. Accessed August 12,
2024. Retrieved from
http://otop.dss.go.th/index.php/en/knowledge/informatio
nrepack/139-2017-07-04-04-00-08?showall=1&limitstart=
(in Thai)

Dev, S. R. S, & Raghavan, V. G. S. (2012). Advancements in drying
techniques for food, fiber, and fuel. An International
Journal, 30(Spec. 11-12), 1147-1159. doi:
10.1080/07373937.2012.692747

Horticultural Research

Institute.  (2024). Banana. Accessed

August 13, Retrieved from

https://www.doa.go.th/hort/?page id=52843 (in Thai)

2024.

Inprasit, C., Fungthongcharoen, T., & Apinaonivej, P. (2021). Study
of drying raw banana by vacuum cooperate with
superheated steam technique. Joumal of Science and
Technology, 10(3), 25-34. (in Thai)

Kamphaeng Phet Provincial Agriculture and Cooperatives Office.
(2023). Banana variety “Sukhothai 1” high yield, excellent
nutritional value. Accessed August 13, 2024. Retrieved
from

local_wisdom-preview-451491791824 (in Thai)

https://Awww.opsmoac.go.th/kamphaengphet-

166

Keawsuntia, Y. (2021). Design and testing of a passive solar dryer
for banana drying. Journal of Vongchavalitkul University,
34(1), 60-74. (in Thai)

Maneefruit, (2019). Dried bananas. Accessed August 13, 2024.
Retrieved from http://www.maneefruit.com/article/18/
(in Thai)

Mawire, A., Ramokali, M., Mothupi, M., & Vanierschot, M. (2024).
An experimental evaluation of drying banana slices
using a novel indirect solar dryer under variable
conditions. 10(7), €28268. doi:
10.1016/j.heliyon.2024.28268

Heliyon,

Ministry of Commerce. (2024). Gros Michel banana. Accessed
Ausgust 13, 2024,
https://regional. moc.go.th/th/file/get/file/202404296bc
608228650237357e6e42b033fc6b1094417.pdf (in Thai)

Nguyen, M. H., & Price, W. E. (2007). Air-drying of banana:

Retrieved from

influence of experimental parameters, slab thickness,
banana maturity and harvesting season. Journal of
Food 79(1), 200-207. doi:
10.1016/j,jfoodeng.2006.01.063

Engineering,

Pornchaloempong, P., & Rattanapanon, N. (2024). Dehydration.

Accessed  August 19, 2024. Retrieved  from
https.//www.foodnetworksolution.com/wiki/word/0277/
dehydration-
9%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%I7%E
0%B8%B3%E0%B9%81%E0%B8%ABY%E0%BI%89%EQ
%B8%87 (in Thai)

Potter, N. N., & Hotchkiss, J. H. (1998). Food Science (5% ed.).
Maryland, United States: Aspen Publishers, Inc.

Thai Encyclopedia for Youth. (2022). Banana processing.

Accessed  August 13, 2024. Retrieved  from
https://saranukromthai.or.th/ebooks/?page _id=224
(in Thai)



R. Khanthawithi et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 159 - 167 167

Research article

Study and development of a rotating tray air-circulating drying
cylindrical chamber for application in the agricultural product drying
process

Rakpong Khanthawithi! Swas Oajsalee? Kantapong Khaeso® and Piyapong Singbua®*

'Department of Mechanical Engineering Faculty of Engineering and Architecture, Vongchavalitkul University, Nakhon

Ratchasima Province 30000, Thailand

2Department of Management and Logistics Engineering Faculty of Engineering and Architecture, Vongchavalitkul

University, Nakhon Ratchasima Province 30000, Thailand

3 Agricultural Machinery and Postharvest Technology Center, Khon Kaen University, Khon Kaen Province 40002,

Thailand

ARTICLE INFO

Article history ABSTRACT

Recgiveg: 26 September 2024 This research aimed to study and develop a cylindrical rotating tray dryer using hot air

i‘é\éf‘i{éfgf&?\?ﬁ]ﬁgfgom for drying agricultural products. The experiment was conducted on fried and oil-drained bananas

Onlini published: 25 November 2024 to determine_the o_ptimal drying factors, Whi_ch included three temperature levels (70, 80, and 90_°C)
and four drying times (5, 10, 15, and 20 minutes). The results showed that temperature and time

BK:X:I’](;M significantly affected moisture reduction and energy consumption. At a temperature
Dehydrated of 80°C for 20 minutes, the moisture content of fried bananas was reduced from 5.05 % to 2.85
Processed products %, achieving the desired color of the product with an energy consumption of 1.62 kWh. The study

also found that higher temperatures resulted in faster moisture reduction but increased energy
usage. Compared to conventional rectangular hot-air dryers, the developed cylindrical rotating tray
dryer provided more uniform hot air flow and enhanced moisture removal efficiency from the
product. This study suggests that the cylindrical rotating tray dryer is a promising option
for improving the drying efficiency of agricultural products and reducing energy costs in the drying
process, with the potential for further adaptation for commercial production.
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