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Abstract

Background and Objectives: Energy efficiency and sustainability are key issues in agriculture
and industry, particularly in charcoal production processes where a large amount of heat
is wasted. Recovering and reusing the heat in such processes as drying, which often face a
problem related to energy efficiency, leading to high energy consumption and long drying
time, represents an interesting alternative to the problem. The present study focused on
the development and application of a thermosyphon drying chamber that utilizes waste
heat from a charcoal kiln to improve the drying efficiency. The thermosyphon drying system

drew heat directly from the kiln and effectively transferred it to the drying chamber. The
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objectives of this research were: (1) to design and develop a thermosyphon drying chamber
and (2) to evaluate the heat distribution efficiency and its effects on product quality. The
study also examined the potential of thermosyphon technology to optimize drying condi-
tions, ensuring better energy conservation while maintaining product integrity.
Methodology: The study involved the design and development of a thermosiphon drying
chamber, which consists of a drying compartment and a combustion chamber. The thermo-
siphon system used 30 stainless steel heat pipes filled with R134a refrigerant as the working
fluid to facilitate passive heat transfer. Experiments were conducted using fresh turmeric as
the test material; turmeric was made into slices of different thicknesses (2, 4, and 6 mm).
The drying efficiency was assessed by measuring moisture loss, water activity (aw) and
color changes at 90, 120 and 150 min. Thermal efficiency measurement was also made to
compare the heat retention capacity of the system with that of a conventional drying chamber.
Main Results: Drying turmeric using the thermosyphon (TS) system increased moisture loss
from 64.97% (No TS) to 80.43% at 90 min of drying (2 mm thickness) and reduced water
activity (aw) from 0.91 to 0.75 at the same time. Extending the drying time to 150 min
further decreased aw to 0.63 (TS), while in the No TS system it remained higher at 0.87. In a
hypothetical feasibility comparison, TS system enabled 2 drying cycles per day, compared
to 1 cycle in the case of No TS, thereby increasing the amount of fresh turmeric that can be
processed in a day from 10 kg/day to 20 kg/day; these amounts resulted in the increased
yield of dried turmeric from 1.8 kg/day to 3.6 ke/day. The total income increased from 270 to
540 baht/day. Although the initial cost of the TS system was higher (9,000 Baht compared to
6,000 Baht), TS system demonstrates strong potential for increasing productivity and income.
Conclusions: Thermosyphon drying chamber utilizing waste heat from a charcoal kiln could
enhance the heat transfer efficiency and reduce the drying time of turmeric more effectively
than a conventional system. However, aw values that still exceeded the safety threshold
highlight the limitation of the system for turmeric drying. Nevertheless, the technology may
be more suitable for other herbs with different structural characteristics. Improvements
in temperature and airflow control are recommended. The system shows potential for
applications ranging from household to industrial scale and could help reduce the reliance
on conventional energy sources in the processing of agricultural products.

Practical Application: Thermosyphon drying system can be integrated into agricultural and

industrial drying operations to improve energy efficiency and reduce operating costs. The
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ability to utilize waste heat from a charcoal kiln makes it a sustainable option for postharvest
processing, benefiting farmers and small-scale producers. Furthermore, its low-maintenance
design and reduced reliance on electric heating make it an economically viable choice for
remote areas with limited resources. Additionally, the low-maintenance design and reduced
dependency on electrical heating elements make it an economically viable solution for

remote and resource-limited areas.

Keywords: Thermosiphon, Drying Chamber, Waste Heat, Turmeric Drying, Energy Efficiency
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Figure 1 Thermosiphon drying chamber design
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Figure 2 Thermosyphon-type drying chamber: (a) Actual image using waste heat from

charcoal kiln, and (b) Heat flow diagram
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funseuurislaglaldineslalevion (No TS) Ssstsyananwnisounsisite

@DT90 DT120 BDTI150
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Figure 4 Effects of temperature and thickness on water activity under NO TS vs TS conditions

ﬁm%’wmﬂmwwmﬁﬁﬂﬁqﬂ (2 131) Aw 8983910 0.91 (No TS) 1Tu 0.75 (TS) 71 90 wi
anasdnidu 0.87 (No TS) uag 0.63 (T5) 71 150 unit dunsmuuurliufindefudmniurunniamn
4wy uar 6 wi. SsmIsuuisneviewesluleveudwaliien Aw anasegnsatiiate n1sanag
193 Aw Tiieuddey osmneniisind (< 0.6) agthesudsnadulnvesgdunie Ufisenves
wulel wegnsdeanmaineandindu dlufignasensnnuiafeslunsdaiivresiiuus (18]
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ogdlsfionu Tnramsvaaesmui M Aw vesiuwidlunndeuludinaginin 0.6 uiiasdilsl
anunsausIanaeinuUasasieliogsanysal uinasnsuandbiiunuiliuvesnisanai Aw Tieg
TndiAsafuinamisanan (0.63-0.66) Setfuidunumsdidglunsufulsasyansnmuesszuuey
wisluounAn WU NMseenuUUAiAmInTsinaveseIna sEeznae UTivNzaN ViensRaLLANeY
ToiiUsyAnBa gty

nadwsatudinfvdvinavesuuaaumiiine Aw lasfieumuunadnniazuansen
Aw finiuflesnndnsduiiuiitadeuiinsiiganii feheliminanutulfeediussnsnm
wniu msdaneiaenedestunisinuniissyierumnensuunadnazuiadiniuasien Aw
srnhmelfanznseuuiaiinuauidesnmatemeniuiounasnistemstafifistu wu

NAENTAIUNUT 2 UL, WAAIAIURITRIINITO UL Z AL [19]

Table 1 ANOVA results

F-value (p -value)

Source of variation df
Moisture loss Water activity
Drying system (A) 2 127.76" 110277
Thickness (B) 1 565 519"
Drying time (C) 2 62.33 169.51
AxB 2 0.67M 1425
AxC 2 17.29 56.50
nS *%
BxC q 0.39 5.49
AxBxC 4 0.39"S 428"
Error 34
Total 53

Note: ns means non-significant, * P<0.05, and ** P<0.01, and df refers to degrees of
freedom

NANNTIAUMANLT LALTILIINISUSULIAINI T UL AL Z AN WAL TN TR UL DU
wasluleneuaunsausulRaunmiazaensiduveiivwidlnegisin nsukwimslluly
iy ° | a A o sdaX A a A6
TugnamnssuuUssuriivanunsaiilugauadosvamdniuaiauy AudeInaunsenanas uay
NaanSN1ATEENAInATY MTITelusuanmIsiTIaransEnuveumaiilunseuwiaran I3 Iva
YasIMAnLanAaiuieUSuUTIUTEANE A I assuUN o uLTSEwma s ulaneud mTuns
wUsguiaseamAlRgdy
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Figure 5 Turmeric slice appearances: (a) Fresh (2 mm), (b) TS-dried 150 min, (c) NO
TS-dried 150 min, and (d) Commercially dried

o

aunvwesdidunilslugadnunsiddiyfigaiidmaseyadmenisiuaznsiuivesiuilan
Aeatuaiiuusis fauanslu Figure 5 waw Table 2 nsvuunisountisamanonmuamalfogadaiou
Tnatanziileszovnailunsouwiafinty Komonsin wagame [20] $1897U31 curcumin @850
gnvhangldannsdudaiugamniigauazuasdansibilean Tasamzednddunsdliifiszezna
auwienuu nalnfindendstuildmulunssuaumseuuioesuissy Suinnsdouiilud
Thmaannszuiumssendnduresansiiuen dwalidvemwdndunduiuiioaudeandou [21]
MINTTUINAVBITEUY Thermosiphon (TS) Lguiun1sauwiskuuung (No TS) dmduviiutu
AN 2 3. Tinanau 150 Wit @ansaiu b waz ¢ Tu Figure 5) nudtudimanuaing (L) ves
0819 TS (+33.6) waw No TS (+33.6) aviiii usie a way b vesiegn TS fidwninedis
10 (A1 a 990 +15.4 Tu No TS anawnas +7.4 Tu TS uaza1 b 990 +25.8 Tu No TS anaanas
+13.7 Tu TS) nsanasognsnnveal a* waz b* luimegnszuumesiulaneu (TS) donndssiu
walu Figure 5b Fauanslhifiuuiiutuiiild waewdn Wowssudleusu Fieure 5c Tuansuiiudud
13 wWasunnindedlunaina/dudy wiouuen b* fgidulums wdeaduun Fauinainaau
Souit lalashuawe Tunseuwun ldfiviemesTulevew anveweanithazanannussansammnisaiew
Anufeuiigiiuresssuy TS Ssonasinmsdosaansvonnesaiiuess dududedndndvilsviuia
a4 [22]
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Table 2 Effects of drying time and thermosiphon pipe usage on color parameters of turmeric
of different thicknesses

Color parameter
L a b

Drying time Thickness

(min) (mm)
NoTS TS No TS TS No TS TS
2 +42.3  +415 4238 +10.1 +30.7 +16.8
90 4 +435 +42.0 +24.2 +10.4 +31.2 +25.7
6 +439 +413 4253 +15.9 +33.4 +25.8
2 +37.4 +389 +20.7 +9.8 +30.1 +18.0
120 4 +39.8 +394  +17.9 +8.4 +29.5 +19.3
6 +40.1  +32.7 +19.8 +9.5 +28.4 +14.6
2 +33.6 +33.6 +15.4 +7.4 +25.8 +13.7
150 4 +34.0 +339 +14.3 +6.9 +26.2 +12.8
6 +32.2 +35.0 +13.1 +6.2 +24.3 +13.7

slerFeuiieuiueiiuuiadandsd (Fisure 5d) wuiiaiiuuiainnsveassssuy TS &
Aundesarlaniuardauaiiaueveddiiingt siluuiadondudidnunzaiaduar iadiaue
AEB3EUL NO TS Svenaifunasnainnszuaunseunisilildmuguosnamnzay ialudugamnd
uazszezna MiiAnmsgydeuinduazanuudsusuresdlundndas wieglifinusiunnsgiud
Fonudmsummsfnesdvesuiiuwis uinamsiSeuieviuandiidiuiisinenmussszuvouwts
vosmsdnwiflunissnmaunmavesuiiuuidlumanisdn

Table 3 Han1sUSsuifisuanudululfifauRsuesyuveuuiniussmiuyliifvie
wesluleveu (No TS) wazuuuivemeslileveu (TS) fimnamun 2w, uarldinausiteulunis
ayderuduanniit 80% nudiszuu TS fusyanBningend wildenumunatiueiiiu 2 us) us
TS Tanouniiss 90 uni aaugit No TS 14 150 undl Favinlor Ts Sanudiululdfazanunsaauls
Uszana 2 seusteu Wieufu 1 seures No TS dewaliusinaiiuandieulfifivannund 10 1y
20 Alanfy uadlvinardnviuuiafinan 1.8 Wy 3.6 Alanusetu WeAnmavediiu (150
vIn/nn.) seuu TS afemeldendld 540 vin/Tu vl No TS Téifies 270 uw ulfsguu TS aedl
FuyuiEFugIn1 (9,000 U LUy 6,000 L) ukadNSTF R s lunsfiunenEnuay
s10ld il Feyadinanidufissnsausfiioudeudosiu Sildnumsieneiduasugenans
\B9En W AunuiulUsYSesEEERa N SAUIY
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Table 3 Hypothetical feasibility comparison of drying systems assuming aw meets the < 0.6
standard

Drying system

Parameter

No TS TS
Purchase price of equipment (THB) 6,000 9,000
Turmeric slice thickness (mm) 2 2
Drying time (min) for >80% moisture loss 150 90
Fresh turmeric per cycle (kg) 10 10
Turmeric production capacity (cycle/day) 1 2
Dried turmeric per day (kg) [23] 1.8 3.6
Revenue per kg dried turmeric (THB) 150 150
Total revenue per day (THB) 270 540

Note: The dried turmeric weight per day is calculated based on the initial fresh
moisture content to the final dried state.

Conclusion

msfnwiiatuniseenuutuasUssdulssAvinmussgouuuuviameslulevaulaglingdeny
e wSeumieisnnningiu deszendllumsounisiiuiu nansmasesainsnaguusziuddylded

1. founuuviemoslulewoutiefiuussdvBnmmamnemanuiou shlausoanauiy
vosildfintsruveuiily wazannanluniseu

2. maifuszernaeuinalirianuiuanasesndaiiles dauraruuvestuniiuiinase
Snansgaydeth Tnetuuiausisldisandy

3. @1 aw YestiLsTldaINTEuUS AT Inasiasaende (< 0.6) uandidiudsde
Srinvesszuveulufunmsmuauguvnitazanuaiialsye Lo UAsTUURAIMINZANT
ayulwsvindu

4. wiuaradouiliinanundsenueundoiisdelaruuustiugs Semsiinisuiuuse
Foulvmseuiiisdia wu msmuaNgumaiiuagnIseeniuuiicnisay

5. svuiididnenmlunisussendldlussiuasieunieturu uasasiimsfinudeseniiie

[y

Tmzauiunsnanluseaugnamvnssy
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