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ABSTRACT

This work aims to develop an apparatus for measuring the thermal conductivity
of bulk materials based on the steady-state method, employing a thermoelectric module (TEM).
The cost-effective and easily accessible TEMs were utilized as the heating source, cooling source,
and heat flux meter. The TEM was used to generate heating and cooling on the basis of the Peltier
effect, which involves the conversion of electricity into thermal energy. On the contrary, the Seebeck
effect, based on the direct conversion of thermal energy into electricity, was employed as the principle
for creating a heat flux meter. To generate heating or cooling, four TEMs, each with dimensions
of 4.0 x 4.0 cm?, were connected in a parallel circuit to form the heating and cooling sets. Each set
was in direct contact with a copper heat exchanger plate, creating a sandwich model with an 8.0 x
8.0 cm” sample material placed in the middle. A TEM was embedded in the copper plate near
the heating set to measure the heat passing through the sample surface. To validate the accuracy
of this apparatus, the thermal conductivity value of a polystyrene foam, which was tested
according to ASTM C518, was compared with the value obtained by using an apparatus developed
in this work. The results indicated that this apparatus achieved high accuracy, with an average error
of 0.87%.
Keywords: Thermal Conductivity, Thermoelectric Effect, Peltier Effect, Seebeck Effect, Thermoelectric
Module
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Fauandunmi 6 Tneldunulvumeaalasufifaumuiuiy 1.0 LB/FT vun 8.0 x 8.0 cm? wun 10.0 mm
wazdainisiianuseuyinnu 0.03510 W/mK mquammaa‘u ImmmﬁuummTH TH TC , TC

WA Vi W081Y data logger Wuszaziian 60 wnil ¥N1SMAABITT 3 AT NANTVAABY LARITINITISR 1

A15199 1 wansAduUsEaNSTuATas TEM Avhunlddusiiandndainusou

Y o TH Tc Ty -Tc Q Voutput Ta-Tp o
M o Q) ® W) W) K (V/K)
32.50 14.27 18.23 0.1024 0.012 0.1621 0.0750
! + 0.01 + 0.01 + 0.02 + 0.0078 + 0.001 +0.0185 + 0.0185
32.16 14.14 18.02 0.1012 0.012 0.1602 0.0760
. + 0.01 + 0.01 + 0.02 + 0.0077 +0.001 +0.0183 + 0.0183
; 33.05 13.54 19.51 0.1096 0.013 0.1735 0.0769
+ 0.01 + 0.01 + 0.02 + 0.0083 + 0.001 +£0.0198 + 0.0198

Aady  0.0760 + 0.001

s

91nA91971 1 WU AddseAvisTiuaves TEM dradeiniu 0.0760 + 0.001 V/K Fudevism
AdulsyanaTiuaes TEM fhanlfidusiandndanuiounds Faeanunsaliyagunsaiiiwanniuil
Tumemsihanuseuvesiansegiala
3. HAN1INAFAUAANYNFRIYRIYARUNTAIFMTUMAINITUIANTOUVRITHR
n&snfildasagngunsniuasnauaidulssdnitiuaes TEM uda lunouiasuansua
nsmadeUANNgNFBTRgUNIRITiRATY TnevnAin1sihanufeuresTaniinsuaiansgiu éun
wriulvuwedeladu Afaumuinty 1.25 LB/FT 4w 8.0 x 8.0 cm? w1 10.0 mm dAnsiianuieu

UINTFINNIAU 0.03467 W/m-K TneyiiN159naedd 3 ASI NaN15NAaIkandlun1sei 2

A15199 2 ANsEIANSPUYe LW RHLESY NANNRLILUY 1.25 LB/FT kagyun 10.0 mm

k fldannn1maans k 1m3gu
" " " %error
ATed 1 ASed 2 ASed 3 AadY (W/m-K)

0.03524 + 0.0141 0.03463 + 0.0141 0.03505 + 0.0140 0.03497 + 0.0002  0.03467 0.87




Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.18 No.2 (July - December 2023)

11

9neN517 2 wuhemmstherewvedriuwedalsduildannnsmaaea idiede 0.03497 + 0.0002
W/mK uaziidefidunnuamandouaindrfimainisnsmumnsgiu 0.87 Ssfldmnuaainadous
Pfuimgunsaiifianugniesgs fessuuieonuuutsduliauseulnalulufiamaien fundstidn
AnudeunarauLiuiinuaugagiaenndesfunsinniuninggil waziileviinimaasaiienen
nmaeaouesiaamegisilimmuaininieadousn 3 via loun IkilwdleRdu snduasgh
wiidulnsfiaulalumes waznszawgnin Afvum 8.0 x 8.0 cm’uazyt 10.0 mm, 10.0 mm Wag 2.5 mm
AUATU HaN1sMeaRInUd Ansanuiouvedlnulndienidu ersduaneienaulnsiaululuwes
uaznsTAWgNYN fiAuads 0.0305, 0.0385 WAy 0.0687 W/mK mud iy Ssaonadeaiuissunssndieds
(Du et al,, 2019; Umnyakova, 2020) nanafe i’aaﬁﬁauﬁ'ﬁmmL’fluamumm%faumﬂ zanelaunnusaulall
Ansthanudeuien nmavaaesiasiiui Tindeftuisnsharuieusiiian faudfinnudy
awuanufousniign Falagtulnueindfeulfidutagauiuarudouilivsslomiogmanvans Wy
Fanuandsan Janfitanuduauiusesann fe sndunszsiefdulnsiaulilumes iuauuiumiuiou
degramarnvanslusugnaivnisy uazduiidenlduderiulnulndiondy vueitanifanumdu

q

awuauioutosiian Ao nsxawgniin Juduianfitentnliiluawiuanuioudmiuussgiue

GFLY

mAeildampgunsaidmiumemahmieuvesTaglasendeusingmsal wosludidnyan
PONLUUYNNARRINELANITIALULANTIEAIT A1315011L0MENNTTURYTS GHP Wag HFM 1nsiuiaieiu
dmsultlumamaaeuiuaniies 1 wiv dn1stsduanudousrewlvluiieniades Taenisuner TEM
fmiFinelureswmaauardsagn ussendiminfiduisgavhanuseu yavh mnudu ussdudTewdnd
mnufeuunuessinnisanemanufeuiiisiagduissmatn enaaeu mernsauTeuvesli
woddladuiinsruanisihmnufou 9n3Bnsnsgiu ASTM C518 (lnnwilasnsuivenmaniuinig)
wui Serueaaedeuainaanasgiu 0.87% Flniuiagunsaldmiumeinisihanuieunesian
fimundulumdded fanugniesgilnsanzdowioudisuiuisnimviogunsaiing q figniauniu
AUAY 9) NITeHUL (Tananchai, 2014 ; Ajiwiguna & Kim, 2016 ; Khaothong, 2019 ; Dubois, 2013)
fetudsannsaigngunsaidlulddnsumeainisihanuiouvestanld egndlsfnu dulifediinidos
szoznaildlunsinfireuiranulszana 60 Wit Sseunsnanszeznanlumsinlidesadld mnldsn
fandndanufounuudiiagy vieviligangiidrganzasilfiitulaensanvunnvesyngunsal

Fauonanazanszeziattunisinaas Sidwalimwinewiuianfiieanisummedeuiivuwindna

AnAnssuUsEnnA
ANEERIBvRvBUAN AMTIYTY Tungy) wavanInetmans uninedemaluladnszaeunm

SUYT NN lVRINeUATIERBNATOIEINTANIDITNNATY UALTBVBUANANEINGIFNERS NTIN1RY

=]

wialulagnszasundsuys Nnsanatvayusuyssanalunisaniunuyide

L] ]
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