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Kanokon Hancharoen 2013: Measuring Thermal Conductivity of Thermal
Insulation from Cellulose Fiber of Pineapple by The Direct Traceability
Method. Master of Science (Metrology), Major Field: Metrology, Department of
Physics. Thesis Advisor: Miss Sutharat Chotikaprakan, Dr.rer.nat. 61 pages

Thermal conductivity is the main parameter to consider in order to make
decision to choose the suitable type of thermal insulation in any application. The
reliable thermal conductivity can get from the instrument which is approved by the
ASTM C-518 and is calibrated constantly. Generally the heat flux meter is calibrated
by the standard reference material. It is necessary to send the reference material to
the foreign manufacturer periodically for certifying which is high cost and time-
consuming. This research introduces the instrument calibration procedure by the
direct traceability method. Instead of applying the reference material, the platinum
sensor PT100 is used and the temperatures of hot plate and cold plate of heat flux
meter are measured directly. From the results, the uncertainty budget from the
direct traceability method at confidence of 95% is 0.0002 W/m.K while the accuracy
of the reference material is 0.005 W/m.K. The direct traceability method gives less
spending and is able to test in the 1SO17025 laboratory which plenty founds in
Thailand. For the thermal insulation from cellulose fiber of pineapple, the
measurements show that the thermal insulations from core, pore and shell give the
thermal conductivity of 0.0402, 0.0320 and 0.0713 W/m.K respectively. The thermal
insulation with mixing all three types of fiber gives the least thermal conductivity of
0.0291 W/m.K. These results show an approach to make a profit from the agriculture

waste of pineapple.
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aunvssdislidenfitn  waflvuauiunan  dwiineds 085 Alandu  ddnwamdu
N3INTEUON HANan

4. Wugnuievisedd Ugniuunnluaiuensdwmingiin guns uasA3sssusIy wasnsn
Tagugnszniaumem uiidsllengiosiiiaiiunameneunines fiedu 9 Snitu Wusyuns
g ugmsindnes dnwaigi q WU luddengounasinovduasluseunarsuagaslu
YoululnuuduniaukazeIniiugdunstn waziugunnaunen @ieou nadluuiadn
dmniugTina N ndn Wenuun WevunseuAwdeady (Beledes Infunen e
dwduuilnean Wundeuunnlunals

5. WusuuavFeris Ugnunnludmindesss dnvusih q U adeefeiuiug
Unnde willgusivemanssnaundiugdnnide auu wWisnund wagsannudanii
fustande waudfideludmdendy  Mdeletionmnzdwiuuilanan Wufiliouunly
Memile wailidenurann vudmnalnalimin

MnuarAndulrsanglulssinanud Jegar 70-80% duursagnadadilssanuulsgy
dwfimde 20-30% lHuslnranneluusema Tasaniunisaintsndnluuiazdfansanann
wandnnelu 5 Janan daudd 2550 860 2551 Fensnedl 1 wuhiidamnsveneduiity
wazlud 2552 wandnddnsinisvenedinas iesninussnstszauiymsnvesdulese
pne idanlFsunstemiennsgunarhlidsnnnsueesudiutusnludsenn Tavaan
Tl 2555 iilefiiuiiensauszine 649,000 15 widuand 2556 Uszanes 47,992 13
e Ussanauderay 7.99 nanansaniussmaiituussinasesay 29.61 wasnanansiols
Msvmadiudulsvanadosay 19.74 Hsnn A wananinunoglunasinsady
usagdlalfinunsnsvenefiuiivgnistulasgnialuiuihadan viudsudnluddenu
mnﬁuﬁﬂqﬂﬂuﬁwwé’q ﬂgmmwfﬁﬂwmﬁmé’mi w%aﬂQﬂLLezm‘Luﬁuﬁmumﬂwﬂ sy



A15197 1 WarAnduUzsa U 2550 — 2555

Y2550 U2551 U2552 U2553 2554 2555

1. Weifuden (19) 597,467 581,972 566,599 583,200 601,008 649,000
2. Wandm (@usu) 2.30 2.27 1.89 1.92 2.06 267
3. wanassals (Alansy) 3,858 3915 3,427 3300 3,429 4,106

N1: drinusmsnismdunmaly (2554), ddiniasugianisinens (2555)

Usenrlneiinsadseandulesavisenansueidulsse laun dulvinan dulvsauwdidu
Fudzsautuds ulvsaurs dulzsaniu dulzsanszdes uasthdudssadudu Tnoflusunu
nMsdseandudesn §ImseR 2 snuinaessusiuusnie dulvsansedes uazindulzse
dudu  TeeAaduSosay 6580 uay 23.64  vewaAnNIsdveenduUzIawasNAns
AEIRY  niasanyaAInsaseanlunquuesdumussiavinuaskald  nudidulssn
nszUasfiyarinisdeenfndudosay 35 vesliuunisdtosnnalinssdesuaziusiuves
Audlunguilionun  dwunandweniididy  fo  anamglsulidnditoray 32
avigeuinifesay 29 dguuiesay 7 Imde¥esar 6.3 uay wauen¥esar 4.2 (dwin
\ASYINIAFINNTIU NIENTNAAFNNTTY, 2555)



asn9fl 2 nsdseandulysauazrandasdulzsn U3unae: fiw/ 4am: auum
2552 2553 2554 (11..-3.0.)
Jselan
U3 waAn  Uu waAn U3 A
fulzsanseUas  508,970.3 15,013.2 518,974.0 14,684.2 166,435.4 5,017.6
fwé’uﬂzm 151,414.3  6,523.7 139,876.5 6,614.0 37,912.1 1,802.1
dulzsnniu 26,556.1 1,518.9 27,2325 1,738.9 6,480.0 434.1
fulzsanaiu 2,740.1 31.2 2,149.6 27.9 442.7 7.1
fuuzsaugnds 646.0 34.3 1,145.3 47.9 322.0 24.6
GINIEFIIN 273.4 25.2 516.8 62.9 80.8 13.6

fiun: qudmalulaBansaumanaznsioas drinudansensaemdud uaznsumaning
(2554)

mnmsiivssndlnedulssmeafifinisdesnvesdulzsanssdesuastindulzsnanag
Tussivuumthwedan  lurusferiuiifanmdedandulzsasuumnnduiy Ly
Huihdulzsn wnudulzsn uaniUdendulesn werdadasisanaridundadosiila
nsudsyy vdeldaeniuden datauszauunudulzsniadeuiosudt neufinsussyite
She Fanmdl 2 dedu SadfanmdeindulssadusuamnnvdeduTanndeldnie
MsiAEAT AN 3

l
\

(n) ()

1
o

MNN 2 Lang (N) Radulese (9) Nandueiandudsse dulssansedead wazindulesa

o
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Al 3 Tauideiaandudezsa (n) diuvesunuuazdid@ulesa (v) lWaendulysn

ImamﬂmL:daiLszmmamaﬂmaammﬂaw gonil wuiAmdu 409%wt vesimiin
s maduULIn i']f\]wmammaammﬂawuimuaﬂmwmﬂumm 400 unsiedy Lile
uﬂﬂ‘lﬂmﬂummiam muLmuLLavmawvimnu'ﬂﬂww&J umunmmw 39 WAL
ma Jadlefinsanyadudiaziuindyadilos msmmummaaawummmﬂivmﬂmv
me_gammamaqmaammaaauﬂzm auimm WU 42 wezden Tnensdnwanudululy
Tunsiamnuazndnfuamutuanudeunndulosssund  Weannisindiduleduasiei
NEUsTnAllaluauian 5’3@1}13@1‘77«1Wﬂé’wzimﬁﬁwmﬁﬂmLLazNﬁ@Lﬁuauauﬁ’umm
Soumnunu 11 uasiUFendulraaty iutanudeiisnndulzsniuitande finuasns
fosdgrlusuatnue  Suneaauils  dmtasied  dwsudeuduingiuliudlssy
gnamnssuazswihedududmildandasdndus andudszneumanil hilu uaz
Waendulzsn famseil 3 wuifiduusenevtesansusunnidulelusSunadidiieusindu
vgan  uasnewislagannsafiaeiaunasussomidulosssunflunsudafuauiui
ANuToaule

A15199 3 duusenaululy wazildeandulzse

dwusznau(%) Tudulssa Waendulssa e an MO WRS 01NSHANLESY 91MNSTU

TQu1a (DM) 93.97 10.02 2021 9541 91.68 89.68
TUsAu (CP) 7.10 6.37 6.61 652 13.12 17.64
sy (EE) 1.58 1.13 0.69 0.3 2.97 3.76
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A1519% 3 (519)

dwusznau%) Tudulssa Waendulssa e an e Wie 01sHaEsa  91mnsTu

ele (CF) 21.51 20.60 29.06 3234 15.68 6.01

101 (Ash) 8.60 6.62 8.03 8.41 8.51 9.00
NFE 61.21 65.28 55.61 52.20 59.72 63.59
Calcium 0.60 0.33 0.38 0.30 0.76 0.56

fiun: nsuUadnd (2547)

uaNNG 299 uaridn (2528) Smuimanaesldndulzaamdannidiluusg
TulsaugnaMnIsLaIENNsatINN IR TIEd LU sENo ULl veINad Ul A laUS I audu
lewwaglaausznavegluynadiu fenedl 4 Fofufsdenudululdisiudulodnaon
yhmsAnwnagianiedusuutunudouanidulusssunale

AN5199 4 d@UUSENBUNILATILENIASIZIANLLAAL AT UVBINAFUUL 5

dalsenau  WaenauYnd RN gauang Ny LAY
Lid:@

ALY 85.8 84.9 85.9 88.6 84.5
TUsAu 4.4 4.1 5.4 3.2 3.6
Tagiy 15 1.2 1.4 1.3 1.2
dele (CF) 8.1 116 13.4 8.9 4.7
hie 4.9 5.4 7.6 3.8 4.2
NFE 81.1 77.7 72.2 82.8 86.3
NDF 27.1 38.8 46.9 26.3 14.5
NDS 72.9 61.2 53.1 73.1 85.5
ADF 12.1 17.1 20.4 12.2 5.8
ADL 1.7 1.9 2.8 0.7 0.6
Cellulose 10.4 15.2 17.6 11.5 5.2
Hemicellulose  15.0 21.7 26.5 14.1 8.7

U TNIEWATIN (2528)
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2. auunuAUSau

(%
1Y

2.1 ANUNNEYRIRUIUIUAINTOU Ae Tnguiedanndauaiuisalunisainny

=

audeuldlifdsiuandladumialugdndunisldie msdeiuanudeuaindumil
lgsBnduniisvastaning viensdiewaruiou (heat transfer) seurineing anansauiniy
I¢sedlognmnivesngiansdinuunnsinaiy Fadnwagnstemanudoutull 3 38 Tae
onaintuanIEladsnilotenansiandoutu Ine Kreider and Rabl (1994) ldoSuneds
nannsanawanuseuliin nsaewanuseuntseenidu 3 vlla Ae n1stiAusou A3
WAL WaTNISURSIE Fanwd 4

2.1.1 mstheufeu (conduction) fe Usingnisalindssmanuieudiew
meluinguileq ieserivingaesduiidudatu nluanandslugilnanani Tnsfifang
yesnsiadouiiannuinaiiguvgigsludinauiiigumgisnilasiidanarslfing
\ndoui

2.1.2 m3nAnufeu (convection) Aen1stigimaruiousienisindoudives
ovmeuuarluanavesaasdeilan s lureavaiasine dmveaudsiuaziinisdiomani
Soushemainanudeu waznsudssdiity nsianudeuiniAetuluussenia uas
wnayns svamelulanuazensening

¥

NIamIATTeu ) e
miyuEnu

e st nRTea

1

AN 4 BUAYDINISANYNAMUTBU NITUIANUTDU NITNIAIMUSTOU LAY NITHNSIF

2.1.3 MIuNSsdAuTeu (radiation) Ae NM3anewmANTBUTRBNTRUMIYNTIA
e Inglisssenfedinanlunisdamendany dudu nsdianuiou vie n1swiAy

a

Jou  MsudSdEaunsaaewanuiouinugyinels  Tngunuliandeamgiiandt -

9 U
273.15°C 30 0 K gouflin1sunsd IngiidlgaumaliguusSsdedudu Tngnilgamadsiunsed
AU



13

2.2 YRAVDIRUIUNUAINUTOU

lunsduundssinnvesauiuiuanuiow awnsavilaviany s G?Tuasgjﬁ’uﬁauim
nsltnuvdedorimun uiiBnsideulifeutssunnvesauuiumiuioulieg 2 wuu fe
Lmemﬁmmaﬁa@ﬁu@u (basic materials) filflunsudn wog wismudnuwazausR
(characteristics) vosdnUsznaundniliiuianiitvinifuauiou

2.2.1 wismuaiiavesiagiuguildluniswds lnsansauusoanlaiiu 4
UseLan Ao

(n) JanUszwanlews (mineral fibrous material) tawn et (rock wood)
Yanelaannsoqelane (slag) leu (fibre glass or glass wool)

(v) JanUsznnidulysssud (organic fibrous material) 1w 37 (wood)
¥uey (cane) Ay (cotton) wudmd (hain) ulewaglaa (cellulose) ledunsien
(synthetic fiber)

(n) JanUszNAdsTINYIR (organic cellular material) 3w 1ifian (cork)
Tuue9 (foamed rubber) Indalaau (polystylene) IndgSmu (polyurethane)

() JanUsznmaadus (mineral cellular material) 1w UAALGENTFNA
(calcium silicate) weslai (perlite) na%ﬁfﬂaﬁ (vermiculite) lumaun3n  (foamed
concrete)
2.2.2 wsmuanvazanifvesdinuusznoundnildduianninihfiduanusou
Tnganunsautseanlaidu 5 Usznmde

(n) Uszuniidudule (fiber) Usgnaumedulenfiduriugudnaiawn
dnduuunn Jaadulemarderadudulevesivednmiigg vserduledunszi wu lauin

(@) Uszsamlugos vise wad (cell) lnausiavvoswadazniinuenaenain
fuauulsuaniivssneudewadinlwesasiwadagadndaiu sdnantansiwan uih
wanafn vioens shogsvesauiulssand WWud Tandadangu ulndalaiu Tnuinglels
loense Wnulndesmu Wusiu
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(A) Usstnn?dulngs v3e Yeenans (granule) Feo 1N AaINNTAEBY)
senigesnanle awulszaniilszneumeeynmavuadndadulngs Insuvaiifiaseniu
lnglnsseinieaila

(@) Ussinidundndng (flake) Usenausieaumewuiadn aunia
wianil o1agnimdlvlulnssennia wieibinigdaiudidugunsauniuls dnvaesdu
UfioAr3ouwudn auuwuunaninidindunalufe wweslavivaziosfialav

(3) Ussaviduusiuung (sheet) vhantanfiflanmnisasviouseda
Sougwidedanmnsusiddn  msldnuanusuuuduunad  dndlugjadlianvaneuin
Usznouiuluszuunnnanildianiiowidafey  asldawiuiuanusousuuunuundli
Uszavsnm azdedldsiudvauuuuuiiitesinsennia laanizueseinimegis 1iloannns
shewmanusoulagnisiinuToukaENITIIATILTU

2.3 AENINNISUIANNSOU

ANANINANTEIANLSBU (thermal conductivity) Svtaeidu Tndrelunsiaaiy,
W/m.K #se W/m.”C o Usinasmnudeufidemiiudanuuin 1 as1aans fienumu 1
Wng Wegumiuand1aii 1 adAaaldu viie 1 asrwaigya

[

deTandinunuiiy . anndipudoudagiiiein  ssfaudfvesanuiy

9
awunnniagnieanmiinnuseugndt lagIsnisnldlunmeaeudd@miuannsgiu
ASTM-C518

231 WIUIIADINNANAAIENS A NSUNISNAZUAIENINNTUIAINNSOU AN
AUNTSNITUIAIANNTOU AD

dT
INAFUNTT Q= A\ x (1)

o _ QutQ, o L
ST[) A= — X AT

Tagaun1sAANliwLuan 970 ASTM C518 (A2.2) A9

&= @& +@ @+ @) e
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1We S A. calibration factor of the heat flux transducer
= ! o &1 ' I3 2
Thodu Saddamsrauasaaliad (W/m )V

E @9 heat flux transducer output fvhedu had (V)

L A9 S288M9seuINanansauLasinanduvaennaau
Tvhedu wes (m)
T Ao gaumglisgninsiegniineaeu dviiedu K (wadu)

NENNs  (2)  wuhenuduiusiietesiuaiaulibuueurensinmm
anmiAnusaunuNInggIe ASTM C518 a1 S, E, L wae T laganunsavinisaaundy
MNSveIAmatllaynal Ao

A S war £ danuduiusiu viseoluidudasedenuszning Aanudauiu
wssrulilunisAmwiriar QO 10 waraIusayinnISERuNauUNIeASItY UV
nszualile dudendu wenuus (ampere)

A1 L aunsaviinisasundunensaly wuiednanuels dviiedu s
(metre)

A1 T annsavitnisaeunduniemnsily mihetaenmgl Iy osmwa
Foa (CC) wse wwadu (K) 16

Tuduresnidseinsanludmesm Q Tngldldusnnsusediuray
liuduouain S wae £ Tnsazdnangludinmesnnuduiusiiudassdefuminiy wazly
dved a1 L laivun winvesdiiegawiunaaeuliiivuinmitiu Janenedannsgiu 3
Usafiumanuliwdueuves L ludiuwesmuazdosvesnisssionaaey

ﬁQﬁ?u‘lmm%{fsaﬂ’mfﬁmqLﬁumiaauﬂé’umqmwaqqmmﬁ T veuaiasin
A mnIsthaudeu Wit

NAUNIS (1) @u1501uUseifiuanuduiusvesaunisauluLduueu 9
Judaszsanu

L
QutQL « L (3)
2 AT

Usziluaunisanuliuiueuain law of propagation of uncertainty for independent

AIUY MANENINAITUIANSBUINENNNS, A =
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u?(y) = Lt wi ()

_ S2\% . 5 (5/1)2 ) (5/1)2 ) (5/1)2 ) (5/1)2 )
u, = \/(6Qu) Ug, + 50, Ug, + 5L u;“+ 5T, Ur, + 5Ty U,

Relative Uncertainty;

u,; =

((QU‘;QL) X ((TLfTU))>2

2 =G GERDE C) o)

ledl A Ao amwihAnusouveddan (the thermal conductivity of a
, = 1 < o 6 1 a
specimen) UnUEUU IRaRBLUATIAATW (W/m.K)

Qu A USunaanuseuanusnuiilgamgiainda (the output of the upper
a 1 U 6 |1 2
heat flux transducer) fvheduindrensnauns (W/md)

Q. Ae USunuanuieuanusuiilgamgisinii (the output of the
= 1 [ & 1 2
lower heat flux transducer) fintheduindsonisiauns (W/m?)

L Ao Arpunuvesdan (the thickness of the specimen) wiaeidums

AT fio Arrnusnsvesgamgiseninalyiasaesiny, Ty - T lae Ty > T,



17

(the temperature difference between two surfaces of the specimen) fmheodu waiu

(K) n3oasaaardoa (*C)

2.3.2 1A30YIAANE@NINNNTUNANNSEU (thermal conductivity tester) 3813
9198INNUNINTFIU ASTM C-518

= | __— Thermc-madule
s 1 i % Heat f ow trarsducer

[ Test scecimen

:

————————— D M.

=
i

»DITPLI er Printer (oction)

AN 5 ANLERS (N) LASEINANENINANSUIANUSOU hag (9) ANNISYNGIUYDLATDY

W|WNsInAan1mnIsiIANTaUYRLIN LAY 1AgdeBRINuInsgIu ASTM C-518
sheedosindanmnisihanudou HC-074 93 EKO INSTRUMENTS faniwdl 5 (n) @adl
wdnASYIL fanndl 5 (1) ImaLﬂ‘%aﬁmmamwﬂ’13ﬁflmf1m§au%ﬁszwmuqmqmmﬁﬁ"’q
2 §u flannnzasi 50 uaz 20 ermwaLTEa muaTU ALTeuRNUVANITigamYTigan1
wwgnassnluduvadtgamgliinnd  Tasunsniagauudidesnsialisevinauvadlsian
Sourtsaes Vunuarudouiidsinazgnanaduieaduresindmdndanutou (heat flux
sensor) fiduiaegfiinvesauiuiiaesinu wduamaanmianufeudeaunis (1)

2.3.3 aun1sanuliuiuey veamsinmanmnisihanuieuvesianauiu

) = () () 4 () (2) 4 ()
Qu +0QL Qu +0QL L Ty-Tg Ty-T,

Uy
vt
the upper heat flux)

laeil fin Anuldutueudusimsuss Qy (the relative uncertainty of
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% Aa Auliuueuduingvas Q (the relative uncertainty of the
lower heat flux)

% Ao Auliluueudumsues L (the relative uncertainty of the
specimen thickness)

TZT;L Ao Awldiuueuduinsues T, (the relative uncertainty of the
upper surface temperature)

T:ji];i Ao Awldiuueuduinsuas T, (the relative uncertainty of the

lower surface temperature)

2.3.4 ¥An©1984 (standard reference material)

Yansredannsgiu fe an viie ans MmaiRedimils wiesnnnin 7l
erududofonty  wrgninwiounened  dwmilfaoudeugunsniduta Husndu
Brsin viedmuadian lnsTansrdieneglusuvesfieuians viefenay vounan
39Ul @EUANdvasuwAlulag (lwa—ifjﬂu), 2551)

Yansradsdmiumaiisuinsgueiosiamanmninhmufeu  Ald
NOUNITVNAABU AB Expanded Poly-Stylene (EPS) s‘z‘faﬁmamwmiﬁwmm%’auagﬁ 0.038
W/m.K, A1AuEanann (accuracy) 0.005 W/m.K (EKO, 2012)

[y 1

A 6 Tand19Bnsgu (EPS)

9
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EPS Foam fie weadln3u (polystyrene, PS) iunanafnfindnuuiain
dlvsunauses Fuduarslalasasuesuiilsanlingdey Wuviieildannisnaunedalnsy
Sowaz 90-95 Auasvilvivened Nldiuune wuwmnu (pentane, CoHy,) Fulumszna
a LY ¥ = a Id A o v o/ .
LYINUNIFNIAN %30 VU (butane, CqHyp) Wuansnvinliweeda (blowing agent) Tu
FENINTEUIUNITNGR TMgAUIITendn polymerization tWenwanain PS axviujiseniuine
iy e bineludiaihuings Wi EPS FngAuazvenesn uazilolisunnusauan
Lot (steam) Aagnaneiludinlniuv1ag ntuiailuaugy (molding)

woddlpsudunanainviameslunatadin Aeviasuduvesvadld Taed
gumgiiviesazegluaniuzveands udazvasuazanoidloviliiou wazudefudefuas
woddlnIuudeiiviavsazlufid la uwanunsovindudmeqld uazBangulddnin auifsiufe
S wasfauniRimaduauumniiassiedu warbiflansie Jegmiwldluns
Jutagsnddunaifisunmsguresaiesiamanmninianufou dinmi 6

mAfethjatufgsdrauutumindeuanun 42 Wienvesdulzen
wazamutueNSeuLuuRau 3 ¥ia Tngldinsdauveuny 41 uandondudzan 1:1:2
fianuvununy 75:75:150 AlandusiognuiAiiuns auadu wagnadouAanINAIsA
FOUVDRUIUANUNINTTIUNEASTTRAMNTIN (Wen.) Tngd19BamuNInsgIu ASTM C-518
seedasindaamnsthanudou lneifansdunnsgd 0038 W/mK #idaanm
Kawam 0.005 W/m.K
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¢ ad
QUﬂiﬂJLLﬂZ'}ﬁﬂ’]i

aunsal

UAFYEFDINNTHNANAUIUAUANNUSDUNLNUL T2 wazsUdan dulzsadl Tawuinis@ne

ponlu 2 du

Tawn  NNSANYINTZUIUNISHARRUIUNUANUSDUINNLAL 17 wazwldan

dudese uaznisinranimtinnuseuvesauIuingals lagluwdaznszuiunisassesddian
wazgunsallun1sidy musazdennwalull

[y

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9

1. Taouazgunsaiiton1sanauIuiuaNsauINwny 93 waviuiondulzin

LNUFuUzIn

Sadulesn

Waendulzsa

Faih

nsvanazLfinti

WHUEINZAENSURINLARA

failegns

vieulsifidanwaz dunssnau

Tmeslensenlas (NaOH) 3o Toanlwitemididu 20% Tnethmiin

1.10 ldwigauinanued 1 wung

1.11
1.12
1.13

VADALUUNIT 3U9 20 x 20 X 2 ANUIANLYUFINS
PIDITIUMTNAZLDEA B9 0.001 — 10 Alansy AIANUARNLAFOU + 1%
AU

2. Tanuaraunsaliveldlunisneaeudianinnisiinnuseu

2.1 P3mAERUAIANINNNSIIANNToU heat flow meter Ju HC-074 any

1MW ASTM —

C518 AANLARIALAABY 1% or 0.01 W/m.K &annd 7 (n)

2.2 Yann9dunnsgu EPS gadlAranimnisiniiuieuegi 0.038 W/mK, fn
AUAANAA 0.005 W/m.K

2.3 919undumunugamall 18 C 3w WNB14 A1puAaIawe@eu 0.5 C

FININA 7 ()



21

1Y

2.4 NdRRANIIAUATREE (digital microscope) AMdaveny 500 i
AN 7 (0)

2.5 \wsesdnnavduiingamiivile 4 Yoedyai Aanmi 7 (a)

a a

2.6 f3uFgaumniutia PT100 92971530 -40°C to 100°C Fan il 7 (4)

U

()

PN 7 Mnuand (n) 3esnedeuAanMNIsiIANLSeuNSaN s1sumuaNmgll
18 C (1) ndosqanssrtpdnea (a) iwsevinwazduiingamgiuile 4 dosdyaa
(1) wsesinuaztuiingaumgiviin 4 Yesdnyaauaziningumgiviia PT100

35013

ANSHARRUIUNUANUTOUIINLNY 7 hazUaonduUssAtY  @1U150LUTIBNITWaY
Junaulspenidu 2 dwlvejq dandunwi 8 e



1.

AUAIRU

JUNDUNTHANRUIUNUAINSDUINNLAY T2 hazildandulzse Usenaunie

v 1
a A v A a v

1.1 msw3eningdu Aetangumaerianianisinens unu 1 uazidendulysn
1.2 mstugUifuusumuisiuuumng 20 x 20 x 2.2 gnuiAiisufiens
FunsunmsmeaeudranmnsinnLiouTesauIy

2.1 awuiuanuseunLNudulesa

22 awfumudountadulyn

2.3 auiunumnusauanUasndulyse

2.4 UAUNUANUSDULUUNANINLAY : 97 : Wasnduuzse Tudnsidu 1:1:2

2.5 5189UNaN5auAANUL LUk LUBUINNNITNAFD U

22
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AMSNARRUIUAUAIINSDUIN WAL T2 wazsUaandulysn

l

Anwtoya Janmaenaindulzsa

A 4 v A 4

LANEUUESA duUrse Wasnduuese

| 1 4

AUIUABLAUFUULTA AUIUINNTIFUULSA aunAnUaandulysa

v

QUIUANNLNY : 97: WasnduUL e
Sasrdau 1:1:2 (75:75:150 ke/m’)

v h 4

A 4
A

LA DINAFDUAIANINNITUIANUTOU (W/m.K)

Accuracy Better than 1% or 0.01 W/m.K

A

Standard Reference Material
EPS
Accuracy 0.005 W/m.K

\ 4

SIYITUNANITINVDS RUILLAAZTNA + ANAL kLU

AN 8 NTTUIUNISHANRUIUAUANSDUIINLAU U7 WaLhUFaNFUULSA WaLyinNISNAZaUAN
ANNNNSEIANNSBU (W/m.K)
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1. YUABUNISHANRUIUNUAMUSBUIINLAY U2 wasilAandulzse

v o
a A v A a (%

1.1 Msw3eningdu Aedanmasianienisnens wnu 97 waziudendulssa

5’aqmﬁaﬁamamiLﬂwmmﬂé’uﬂzim s‘ﬁaEm]%lﬁmafmiimuqmammiuLlfdigﬂ
dulgsn vitennisi nmsuilan axiiimune Lawdu viedndsgneududndudnnu
un Fadudsduisdosineasoniiotiseansdwuidoumnanty  Tnonisdreeth
avaifiotszdsantsn fu wasneiiRnundutan udldnssaadntuaint udiidliasso
¥ wdsnturinisuendiudsenousia 3 @i eenidu unudulsse adulsse uazden
Fulrsn mszduUssneuaiesiiinnslunisyihenuazenfiuansisiy seand 9 (n)
(¥) wag (A)

AN 9 Amuans (1) uStaad (1) 99 (2) Waen (3) wnuduuesa (v) wnudulysand

dwdafneg (r) Wasndudesn () Wulsannisuauasfunududssalidudu
() @IUTINLNLDDAIINLAY (2) FIULNUTLNEGD

1.1.1 unuduuzsa (core of pineapple)

PINUAUULIANEINTNYINANUELDIAAENITANAEUN AL DIALAS SO LA
azianiiudn TusnieaiveanamutuudIdunaIUseaia 7 U L1e991ndiueawnu

dutysnaziludruninnudiugs Aaunasnnuaawal azdanuasasdlidudugfeviouls
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Wiy londuleanunuduiysadadudulenininuduinn  saiudsdesilusiniaasasn
asudunaiuszana 3 Yu agladuloanunudulssaninuniie Lasidanssang FanInd 9
1)

nauansazanelafsulansenlen Tusndiuluneulensonlen 1000 n3u
serh 5 ans asludsimanadin ausundsvedaiodlensenles avansluthaunun Adldn
WhauesiiAstuluasazaemellaununayldansasaneiitidnuasla 1iid wdintu
duloanunududzsadildmnuasaunsunadanvhnmsmuluasazaeiinarniuie
30 w1 legldlinelunisniunasnsseziign 30 Wiyl auasuan wadndulounudulsse
Pudhenszaaudasoliandmi - wdmntniludwasesanslnfenlensonlusiiogiudu
lueendethavernsnfusiuau 2 afe elhiduleazenn selfavfntudnilunnuandn
Huran 3 Ju aumuLaaWLﬁaiaﬁugﬂLi‘JuLLﬁu Fannd 10

AMd 10 nszuaunswsERLnudulEse (n) ulownududysandmnnuen () dlownu
Fulzsndunmuluansazaneludieulansonles anududu 20%wt
() Wulounudulzsndrsluihazen () Wulouwnududzsavddndduiazonn
(a) Wlounuduizsaruansazanelaioylsnsonlasuazdnaiasennndmnuas
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1.1.2 Sadudzan (pore of pineapple)

thauveshdulssandaaniivihanuareinlnensdeethazonuayse
Taziini wondaeenannuny dinwi 9(a) Ssduresinariidnvasduwiudvasuvdnin
T shlumnuasiteanauduusdudunasyann 7 Suvusiudingd udnhdadudsse
Flendinismnuiannmuluasazanslafoulensonles farududu 20%wt 1Hunan 30
it Tneldliinnglunisniunaesszeznan 30 Wit auAsUNET uddndudaduizsatugae
nsganudasoliaint dmniuiludansaranelundenlansenledfiogfudiuts
Fulzsneendotnavernsnduiiag 2 as Welunisthsedansasanelieslansen
ledivaavioguuindutssaeon  udwniuseliaudatudnillumnunmuuusudong
uusta anvdaan 3 Ju Lﬁaim“gfugﬂtﬂumu Fanndi 11

AN 11 NSV NTIFUULSA (1) TaduUzsA (V) THIFUULIARINLAAULBHUEINEE
(A) TEUULIANEIRNWAR (9) Tidulzsatiuniuluaisazaelaneulansanlen
ANMULIUTY 20%wt (3) TdUUrsAEUENTazanglaReulansanlunwazananigin
Av010
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1.1.3 wasndulesn (shell of pineapple)

thauvewldendulzsaiiléndsanivinauazenlnenisanedeth

avoaiflededunasiaunsiifnogeanivin uazsoliandmiugy lumnunnuuusiudansd
iioanmuduluden LﬁaqmﬂdfmmaqL*dﬁaﬂé’wzimﬁa";uﬂizﬂawaqﬁwa;itﬂuf\i"mumfm
Tngldalunismnuamdunaiuszana 7 Ju udnhidendulssaiilindainminuanuda
wduniuluansavanelodenlassenles Aenududu 20%wt 1Wunan 30 widt Teeldlinne
Tunisniunaenszezian 30 Wit AuAsUAN wdfnauUdendulzsatusiensyanugise
Tandoi vdnduinludvasaraelnfenlansenlediiegiuiudonsendethazeindn
Dusuou 2 ad evarwazondunistsedansazanelnioslensenlodoon ndmn
Tuselvaziaiudahlumnuansnidunan 3 Su Lﬁaiaﬁugmﬂuucju Fannd 12

A 12 nszuiunswssndendulesn (n) Wiendulesa (u) Wiendulysamnuanuy
wiudanzd (n) Wisndulzsadumuluansazansladieulensonled aruidudy
20%wt (3) Wasndulzsamdsinuansazanelaioylsnsonlesuazanedethazonn
(1) WaendulzInndmInuan
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1.2 n3TusUJuUNUAWILUUTIIA 20 X 20 X 2.2 gUIARURLIAS

AN tinNIswsenTngau unududese 1adulese wasidendulssnu
Wnsddiusienfenistuguiduwiuvesianie 3 sllauuuuensida waswuusanduduueiy
Wieaiuludnsndu 1:1:2 v3e 75:75:150 AlansudegnuiAiiung

1.2.1 nsTuguduuny au1m 20 x 20 x 2.2 gunalaufuns wuukentie

Prudulgamnunudulese Trdudesn waztUaandulssn MadannuNIu

NILUIUMIFRELINGAUNIGY MmN 10U 264 NSU DTULHUANLLUUTDIVUINTID

Tngnaduleiazdurazyinnisnulssaiuaisnniidaunuluiiasduaumun - vasanntutinll
nuaaLialrinisinzdtuvesduladuiindunaiUssana 3 Su IeslduSuianiin

150 fafidns fon15TUSURNIUTINIY 1 WY A9 nit 13 - 15

()

M 13 nsTugUsivawIniuanufeunidlledudese (n) Nuduleanunudulzsnas
TuvdenitaztuaduiuniswuniiiifielmAnn1sEan1e U (1) NaIRINLAALNY
auulynwraduian 3 Ju
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Muil 14 n1sTugUuiuauuiuenuseuantidulzan (n) 1etadudzsnaduvdonliuiu
FazguadununisnunuiNelminnsEAnIz iU (V) KaIPnwanELauLILlR
ATvradua 3 u

(V)

M 15 Mstugduivauuiuausewndendudzsn (n) Nuudendulzsaasly
UapNarduaduiunNITNEN YL IALAANISEANIZ AL (V) NEININLARALEUALIY
Tnvwradunan 3 Yu

1.2.2 ﬂwﬁugUL‘i‘JuLmumaﬁa@mamﬁq 3 9in UIA 20 x 20 X 2.2 @Jﬂ‘U’]ﬂﬁ
LYUGLUNS

ﬁﬁaaﬁ% 3 %iin dulsnnunudulesn Tadulean wasiuFendulzan
nFrnEunsEUIUNswEENIAUINE Felwiinludesdn 1:1:2 14U 66 : 66
132 A3 iletuuiunuuULYesILA T TnemaFendulzanlitudsaunun fudounfo
Hrduesn uartugeinedodilonnunudulzsn nadndusasduasiosteliuiu ua
yhmsnulszanuienhaduiulufasdy wdmnduhlunnueedielfmuianizsaiy
FanauidulzsndunaiUseanm 3 Ju TngldU3anannath 150 ﬁaaamsiaﬂ'ﬁﬂ?gfugﬂamu 1
Wl
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NNTEUIUNTRSENTRgAUNUIasasaelaiulansenlys 1mmﬂgﬂimaumami
WwARY (pectin) LLaumiLﬁ]aUuauﬂ (gv1m1, 2555) ‘L‘mamuaaaqLausl,aﬁmmfmmawﬁmﬂmu
uaganwazssduluusnanuduvzsaneuniuluaisazanslaifsulansenlen  Siasdainig
Funduduwiy Wownasnadiu  uimendinsniuluasazarelaienlensenles 1dule
seivuiadnas soufuntu uavueneenanfuetuiulédn s 16 () war (1)
dmsudnuaznsuendaveaduleluusnatuasdentiu liaunsadiulddagendan 3
thludesgnesendesqanssmifdnea Dino - Lite Afidsveny 500 wih wuin duleusnda
penanfuldaTy fan il 16 (A) was (1)

(P) (1)

At 16 annansdneazddle (n) duleanunududessanounistuniuluasazans
Tueslensenladiannandudu 20%wt (o) diloanunudulssandenistuniu
(A) duleandrduzsandsnstiuniulumsazansussdiedondosganssem]
3m0a Dino —Lite fifdweny 500 wi (1) éuleandendulzsandanistunau
Tuansararsuazaresendesqanssmindnea Dino —Lite AiMaaweny 500 11
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g’l 1 o L lﬂl o a g
2. VUNBUNTITVNAGDUAIENINAITUIAMUSDUYDIRUIUAUAMUZDUTNINNSHNAN T

Thusluauufuaudouanunudulysn andadulzsn nidendudysn wasiuy
wesna 3 wiln Fafluaiildnaaeu 20 x 20 x 2.2 ANUIANIURAUAT UYINITVAFOUANANN
ﬂWiﬁmfm%aumaq’ia@mmaauéhaLﬂ?awmaauﬂ"lamwﬂ'ﬁﬁﬂmm%’aumumm@u
ASTM-C518 fnmaadey + 1% ¥3e 0.01 W/mK lnsfvuslvigamgiimanieu (hot
surface temperature %38 hot surface assembly #1u ASTM C518) ﬁqm%gﬁ 50°C uae
qmmﬁmaméu (cold surface temperatures %39 cold surface assembly #13 ASTM
C518) i 20°C (nmii 17) Tnevhnisvedeukazdufinenannnisiieusouvesauiuiu
arufou v 4 oila 9ng 10 Wi Wunan 3 dalus Teevhmsneseuivesufjiinimageu
Aanmnsihanuiowvesian  vesruduinnssunazinalulagnieetns  (Center  of
Building Innovation and Technology, CBIT) @vunalulagniern1s auzandnenssu

ANERS UNINYNFULNYATAARNT

(A) )

Al 17 auans (n) Fedldianfegiananuuaamgl 20°C wasinananaamngi 50 C

U

(v) dnwauznisiladialdmedns () lddegamagau (1) N1sAuALaumall
FENINNTNAGRUY
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A5199 5 ANEAINNITUNIAIILS DUYDINUAUIUAUAINUS DU

wiiavesatIuiuANToU ANENINAITUIAILTDU (W/m.K)
Aade (X) andesiun (SD)
AuIUAUANUTOUANUAUFUULTA 0.0402 0.0004
auufunufeuandadulzse 0.0320 0.0002
auunuANLSouINUaaNduUEIA 0.0713 0.0002
AU UAMSBULU UNELTS 3 viin 0.0291 0.0002

1NAMTIM 5 ANENINNITHIANNTEUVBITAARUIUN AT DURUURANNS 3 iln

'
[J

fAwiigade 0.0291 + 0.0002 TAAFBIIASIAATY  FodRsIARAWINRUANTONINTYI

o

dutzam 0.0320 + 0.0002 IMARBLUASIAGIY AUIUAUAINIDUINKAY 0.0402 + 0.0004

TPARDIATAAIY azAWIUNUALSaUINNWARNEUULSA 0.0713 + 0.0002 TNARDLUAS
LAAIU MIUAINU

2.5 S989URANTIANSaNA1ANL LU LLLBUIINANTNAADU

251 msUsziiuAanyliniuaurawanisin nekuaannylukluauenanis
Yooandu 2 vilnfe

() aenuliuiususin Type A Ao ArrulduiusuliAnTuaINNITAaDs
INNTInTaLATTY (repeatability) $1891uluguvesdn S(@) (standard deviation of mean)
JEEGHRE

-~ _ S(ai)
lne?l S(Q) Ao AvdesuulInIgIuYeLALage (standard deviation of mean)
S(qp) Ao ANLTBAUELINTFINAINNTTIA (standard deviation, SD)

N fe uudeyaiviinisin (number)

(v)  aenulindueusia Type B Ao Arnuliuuueunlilaiiatuainnis
NAaBY Uiznaume

1. AanulibuueuinTuaINNan1sisulInsgIu (certificated of
calibration) va43ane198e Hszauanuedu 95% lunilildszunisnsyaremidstedndinig
N3¥18AUUUNGA (normal distribution) Iagldiamsiviniu 2
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2. AU kUL UTLAATUINNAIAIURANAINVDLATDIND FIANTIN 6 B
AR 1% 1138 And1 0.01 W/m.K luiillillaszunisnsganeditedeindinisnsyatesiuy

'
a

3
dnden (rectangular distribution) Tonsivingu 2v3

3. AU LU UNAATUIINAINITIAG VBATe9ElaRY TAY 0.2% %58
Winfu 0.002 W/m.K @9897131n15n52n8wuuamiae Msnisivinnu 2v3

v
=< 1

4. AU liLUUOUNAATUIINAINIINARGT (reproductivity) 9091A383I9%

B 1

A1 0.5% %59 iU 0.005 W/m.K &988313n15n52an8@uuuamasy Tasvnswiniu

243

5. A likiueuIAATUAINAIANLALIBEATDINTATUAL NN
(temperature control and resolution) ¥eatA3asilads fe1 0.01 C Fafioadnnsnszaieda
wuvAwmdey Tgsmswingu 2v3

A15°99 6 M131MANENTRNILNATATDLATBIIAAIANINAITUIAIUTOUAILLINTTIY

ASTM (C518
AANYAENINmMALlA PRGPTRLL)
25711990 (measuring method) ANNUINIFIU ASTM C518, 1ISO-8301 way JIS A1412

%99n153A (thermal conductivity range) 0.005 i3 0.8 W/m.K

AIMIURANATN (accuracy) AN 1 %

AN Tne (repeatiability) 0.2 %

AMINERT (reproducibility) 0.5 %

AAIANLALLDYAYBINITAIUANRNYH 0.07C

(temperature control and resolution)

17im: EKO INSTRUMENTS CO., LTD. (2012)
nsUsziliuamulduiusuresnanisin Meuide Type A way Type B 35013

faselUd Ao

1. NSWEULINIHIUNTYINUYELATEN (calibration) Tnenisldeamaiivnaniou 7
gamgll 50 C wazldgamaiinandu Ngamad 20 C seTans1dmnsgiu EPS el
anmn1sihauseusgi 0.038 W/m.K AanuRanain 0.005 W/m.K
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2. 413a9 919891055 EPS 11vNINA@auaIanInnisinausaunng 10 wii
Junan 3 Hilus wiewtufindranmmeaeulaensldoumgiimansou fgaumai 50 C
warldgmumgfinanidu fgamnf 20 C ileUssliumanaliutuey AAaTuanArA
Armannvesaiesiio uasdsuiiusanuliuiueuifatuaindmstadiveaeiasie

3. yhnsnedeusazduiinAgamaiivesgamaiinanseu igamall 50 C uaw

gamglmandu flaamgll 20 C MewesesinwasTufindngamaglinuy 4 dosdayaia s

SUsouuaiivia PT100 Im&mWiamé?aﬁa%’uiqmmwﬁmanLwaw%’au $1uau 2 90 wag i
vouwamibu $1uu 2 90 Wessdudaraliuiuouiiintunaauandeaveans
muANgUMYdl (temperature control and resolution) wediAasile YaznAdoUTARETH
umsgu Ingvinstudindngamgiinng 1 3undt fanndl 18

Muil 18 2muans (n) NsAnaairingamgluuRawansouwazinaniu (1) nadeuuas
TufinAngamalinunaniouuaziuvazyinnisnagoumanInn1siinuseuves
Tain 91989
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NANISNAEBULAZIANTA)

1. Wan1snAERUAIENINNNSEINANSaUIINRUIUNUAUS DU

NanNINAdeUATeRIUuALSouTINR NUAEUUESe  tadudzen Wien
dulzsn wazuuURALT 3 %l figaumaimaniou figamgll 50°C uavgampiwanidy 7
20°C Tnevhnmadeunaztuiindanmnstharnudeuresmuuiurudeu s 4 win
N9 10 Wi ke 3 Filusmdouusziumanulduiueusia Type A

AN5199 7 HANISNAEIUANENINAITEIAINNSDUTBIAUIUNUAINNSOU

ANUIUASY ANENINNISUIAMUSDUYDIRUIUNUANNTOU (W/m.K)

wNUdUUzSe  Tadulrsa Wasnduusse WUUNEL

1 0.0415 0.0321 0.0712 0.0289

2 0.0402 0.0321 0.0716 0.0292

3 0.0399 0.0322 0.0711 0.0290

4 0.0401 0.0321 0.0713 0.0292

5 0.0399 0.0322 0.0715 0.0294

6 0.0402 0.0322 0.0713 0.0294

L 0.0400 0.0322 0.0712 0.0290

8 0.0402 0.0325 0.0710 0.0292

9 0.0402 0.0322 0.0712 0.0294

10 0.0400 0.0322 0.0711 0.0290

11 0.0402 0.0325 0.0711 0.0289

12 0.0403 0.0324 0.0711 0.0290

13 0.0399 0.0322 0.0710 0.0292

14 0.0399 0.0325 0.0710 0.0289

15 0.0402 0.0325 0.0715 0.0292

16 0.0399 0.0325 0.0715 0.0292

17 0.0402 0.0322 0.0715 0.0289

18 0.0402 0.0325 0.0715 0.0289
Average (X) 0.0402 0.0320 0.0713 0.0291
Standard deviation (Sq) 0.0004 0.0002 0.0002 0.0002

Standard deviation of mean 0.00009 0.00005 0.00005 0.00005
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Mnuanneaeulunsed 7 wud manmnisthanufeuvesauiutuanuiou
wuusas 3 e Setosiian sesasnfie avufuauounndadutzan auutumiuieu
ALNUdUlzIn tazauuiuanuiounaondulzsamuandu Taeaiaulidiuueusis
Type A fisudiuldanuansiaiiduansefidasannsosenumanmsnlasiae 0.0291
+ 0.00005 W/m.K, 0.0320 + 0.00005 W/m.K, 0.0402 + 0.00009 W/m.K gz 0.0713 +
0.00005 W/m.K iesanauiusuunay 3 ia dmsnaieadutu Tnenaudenduiyse
Hutuusn sesasnfediduiyan waztuaarineie wnudulzsn shillassasidlunisaiadu
anudeudianududeunnnty  saudendulrsaiinruuduss wasidulovmnadnusza
Uuﬂaﬁﬂﬁmm%fauﬁ'mu%gﬂaﬁmﬁgﬂwﬁy’umﬂ wiiflosaniuiendulesaliannsadamulé
wiumsglasaiudduiliinveeinmueing - audeufiniuaildagsinusnmutes
pmAETRkaz N uTITuTestadulsse Sellmuainsaatatunusenldinnniidden
Homnianuseuinuaziinisyszasuvenduloduundedivesoinaruiadnniiun
wazanufeuazgnataiuldinnnindden wifdsdarufeuusdukiulugturoanduloan
autAvsnenmderingant shlvauutuauousuunay TauiRinaduauuldiiian
namsnaaeuTildidotsnieudisuiumanmnnishaufeureseuiuiismeogluds
wigled Famnsneit 8 wuawuturTuSeuanua 49 Wiendulzse wasuuuNawty Sl
Tndfssivauuiifiswsegludonded  ffuladusumdunsiiasiannamuamaes
auuarwdourndulzsaldelluewen  uasSudunsiugaaliiutanmdetions
MINwRsNdulEsa

AN5199 8 LARIANANINNITUIAILSDUYDIRUIUNUAIILS DU

Type of insulation Thermal conductivity (W/m.K)
Thermaflex rubber insulation 0.035 - 0.038
Polyurethane insulation 0.019

Fiberglass insulation 0.032
Polyethylene insulation 0.032

Synthetic fiber insulation 0.0328
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2. WANIIVAFAUANENINNITINAYNTOUYDITEN19BINTgIY

NaNsVAARUAIENINNIsIIAINSouTes TN 9BaRsgIL EPS 1ng 10 Wil Wu
e 3 Falas floamglmaniou Ngamadl 50 C wazgamaiiwandu 71 20 C

A15991 9 NANTNAFBUAIANINNITUIANTOUVDIIARD9BIUINTFIY

nMsvedey NavBIAmMAEDU AN B mAEIU
pdsd QW QW Lm 7,0 T,00 AWmK
1 1,434 1,538 00220 2000 5000  0.03923
2 11,435 1,538 00220 2000 5000  0.03777
3 11,430 1,538 00220 2000 5000  0.03959
q 1,427 1,532 00220 2000 5000  0.03776
5 1,431 1,532 00220 2000 5000  0.03703
6 1,426 1,535 00220 2000 5000  0.03995
7 1,429 1,535 00220 2000 5000  0.03879
8 1,435 1,538 00220 2000 5000  0.03776
9 11,430 1,536 00220 2000 5000  0.03886
10 1,428 1,530 00220 2000 5000  0.03886
1 1,432 1,535 00220 2000 5000  0.03776
12 1,429 1,530 00220 2000 5000  0.03849
13 1,431 1,532 00220 2000 5000  0.03703
1 1,426 1,530 00220 2000 5000  0.03959
15 11,435 1,538 00220 2000 5000  0.03776
16 11,429 1,532 00220 2000 5000  0.03776
17 1,426 1,530 00220 2000 5000  0.03959
18 1,434 1,536 00220 2000 5000  0.03739
Fiade 1,434 1,536 00220 2000 5000  0.03839

SD 0.000944




38

Mnsanvaeedlumsei 9 wansvedeuUAanmNTthnadauTes Tand1eBs
unsgu eussdusaailiniueusin Type B veuaiasmaaoumanwnisiauiou
wui endeavunesgulumstesn fedosnd andAmanaiafiimuainlsenugian
(37l 6) FeiufsUszdiumanuliiuiuouresnsingr nuseazdeaautinaneda 39
T4 0.29% vi3e 0.002 W/m K Fafiedrfinsnszareduuudmden Seldfmmavindu 2v3

(0.002)
URe 243

0.03839

Fatu Ananallsiutiueudisivsueanisinen, = 0.01504
IINNANITNARBINITNAFBUVBITANDNBIINTFIU Aade (average) Ya9N1SNAREY
Sy 0.03839 W/m K FaliAnsinsaina1eneda 0.038 W/m.K wirfu 0.00039 W/m.K us
auﬁ’aﬁmqLinﬁﬁﬂﬁﬁmummﬂiimuﬁmﬁm (M597 6) AmuamaNuRananlin 1% wie
0.01 W/mK sﬁqﬁﬁiwnﬁmdﬁayjamﬂmﬁm g wssidunnylludueuresaiay
Aanann auautRimanaiia Fedeiniinsnszaeswuuamany Saldemswintu 2v3

we __Gr)

= = 0.07520
Ac 0.03839

#1911 A1ANU WU LB UFLINSVIAIAURANANS,

3. wansnadaunasluiinAaamalivesaamalitnaniau uazaamglivwandu

a

M15197 10 dnwaznnanailn (specification) veiisusgamiiviia PT100

Y

Measurement Range -40 to 100°C

Accuracy (with U12 datalogger) +0.25°Cfrom0-50"C

ﬁm: www.onset.com, U.S.A (2012)

neunInadeukarTufinAraamglinaniou uargamglinaniy vugyinnivadey
Aanmnsianufeutesauniuaufeu feshmaisuiieuiaiusonmaive 4
WleSsuifisumanuianainvesgamniusazin  Audiedeusazgn  Tagvinnstudine
9 11 Wunan 24 s Fannil 19

MnuansneRenisuifiugamnive 4 dh Wudﬂﬁfg%’u%@mmﬁLwiavf?hﬁmm
LmﬂmmuuaamwamwmqLwﬂuﬂwmwumbﬂa +0.25°C 93namgll 0 - 50 °C fatfuiile
theansvadouguugive 4 duuandlunsieatu nuldvesgamglive 4 dailn
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Wieuwiiy awdunsmdwdedtu anuanisvedeuaamgiiinan fsssduaanuly
wiueuwiln Type B vasiiuiaamgd lagldautfimmanadavesiiuigaumaiivia PT100 7
fmunnlsanugudn (ms1efl 10) 3640 0.25'C Fsdioininisnsvaneduuuamaey 44
AU 2V3

0.25
v O 1 ' 1 v v ¢ LY a uTC 2\/3
ANUY mm’mimLLuuauamWMSmmm’mqmwgm, TC = T = 0.07217

nstuiinAgamgiilutedldiagiriinseimanimnisiinnuseulag ingamgil
wanSounazimanidu agvaz 2 90 30U 4 90 hiuduiinyne 1 3udl ieUssiduriay
Liwduauanuansenuandainaey InedufinAaumgiionniangusniieiuSeuliiey

INNaNINAdeuemillutedldfiiegns nueumaiivesannngeuliiinase
gamgiluvesldsodn ilesanunnsgiulunisndnmiu ASTM C1043 Guarded Hotplate
Design dafudutlasiugamyfinniundedednansznusoguugiilunisiasei fay
Apalaiuiveusdin Type B andawandauialithunfn
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A1597 11 nan1svngeuAIgagivesaamgiinaniou wazonmlmanidu

$ruads aaungdl (70)
N 10 YN upper Tu1 Tuz lower T T,
plate temp. plate temp.

1 20.00 20.007 20.198 50.00 49.411  49.107
2 20.00 20.007 20.198 50.00 49.411  49.107
3 20.00 20.007 20.198 50.00 49.411  49.107
a4 20.00 20.007 20.174 50.00 49.411  49.107
5 20.00 19.984 20.174 50.00 49.411 49.107
6 20.00 19.984 20.174 50.00 49.411 49.107
7 20.00 19.984  20.055 50.00 49.411 49.107
8 20.00 19.984  20.055 50.00 49.411 49.107
9 20.00 19.960 20.031 50.00 49.411 49.107
10 20.00 19.960 20.031 50.00 49.411 49.107
11 20.00 19.960 20.031 50.00 49.411  49.107
12 20.00 19.936  20.007 50.00 49.411  49.107
13 20.00 19.936  20.007 50.00 49.411  49.107
14 20.00 19.936  20.007 50.00 49.411  49.107
15 20.00 19.936  20.007 50.00 49.411  49.107
16 20.00 19.912 20.198 50.00 49.411 49.107
17 20.00 19.912 20.198 50.00 49.411  49.107
18 20.00 19.912 20.198 50.00 49.411 49.107

Aade 20.00 19.962 20.108 50.00 49.411  49.107

MnmanadeugumgivasnsaaeuTandidiigumnlimansounazgumad
wanify wusAtau S sauuaINAIYeILAS DINARB UG WA NS aY WU -0.0860 C
wazdnumandu Wity +0.0345 C Faflwarar1n1sInaaninnistiiauseuvesauIuiy
AUSBY
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1A Fourier’s Law, q X — A = Py peeamkiy
dx AL

AUNISNITUIANUSDU

2 q (r5-11)
H F W - = = )= 1
eat Flux, Q (\W/m”) p A "
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Q  =1(0.03839 + 0.000944 W/m.K) (29.2245 K)/(0.022 m)

— 50.9968 + 0.0009 W/m”

asunmssienuNanTinnenUssiuAanuliuiueu

1. Type A, ananailduduauainnisingt senuluglvesrndesiuunnigiuues
Aade S(), S(g) = S(EVVN  lesfiaranimnisthausouinageulaned

A5 12 ANENINNITEIANNTRUTDLA LRI UANUTBUNTRUALTEAUULIN I

vrnade S(g)

wiiavesatIuiuANToU

ANENINNITUIANNSBU (W/m.K)

Aade (0 ﬁi’nﬁmwummgm

veaALads S(g)
AUIUAUANUTOUINUAUFUULTA 0.0402 0.00009
auufunufeuaniadulzse 0.0320 0.00005
auunuANLTouINUaaNduUzIA 0.0713 0.00005
AU uAMLSBULU UNELS 3 viln 0.0291 0.00005




a3

A15197 13 P15 AR Uncertainty Budget

Variable Source of Distribution Degree Of Divisor Ci Value Relative
(type) uncertainty Freedom Uncertainty
URf(B) Reference Material ~ Normal Inf. 2 1 0.002500 0.06500
URe(B) Repeatability of ~ Rectangular Inf. 1.732 1 0.000577 0.01504
Instrument

UAC(B) Accuracy of Rectangular Inf. 1.732 1 0.002887 0.07520
Instrument

UTC(B) Accuracy of Rectangular Inf. 1.732 1 0.012500 0.00722

temperature sensor

URp(B) Reproductivity of  Rectangular inf. 1.732 1 0.002500 0.00144
Instrument

Ur,(®) Resolution of Rectangular inf. 1.732 1 0.005000 0.00289

Temp. Control
U(95%) Expand Normal k=2 0.000104

Uncertainty

2. MsUsziiuAAuliluLeusIs (combined uncertainty), Uc

U = JURR(A)Z + Ur, (B)? + Ug, (B)? + Uy, (B)? + Ur, (B)? + U, (B)* + Ur, (B)?
= 0.000104 W/m’

3. ¥1AR9AIALDaTEEINE (effective degree of freedom : Veg)

4
_Ue”
4
74 CiUi
=1 Vi

Ve = 2.86

4. vsUsenaunaauAay (coverage factor: k) N5¥auALLRIIUW 95%

AU expanded uncertainty (U) Wil k = 2 Fisesupnundestu 95%
U = 2x0.000104 W/m2 = 0.000208 W/m2
= 0.0002 W/ m’



5. $189UARLINAUANSoUTTAN9) NTEAUANLRNU 95% lasail

a4

[

A1519% 14 AANINNNTUIANUSDUVBILHUAUIUAUAIILSDUNTLAUAINULTDIU 95%

YRAVDIRUIUNUAINUTDU

ANENINNTUNAINNTBU (W/m.K)

Ande (X)  meuliuuey
auIuAuANSoUAINLAUEUUETA 0.0402 0.0002
auutuuSeuIniaduUzsa 0.0320 0.0002
auunuAmNLSouINUaandulz A 0.0713 0.0002
AU UAMS UL UNELTS 3 viln 0.0291 0.0002
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dyunanivagau

1. mafsuinnsgiueiesindianmnisinnufeuvesauiuiuauieusiean
$9Bannss WisuisuiuBnsidisussgueiesiarmanimnisihanufouvesauiu
fumnufeulagldfsudoamgliviaunaniiv vla PT100 FaduiBnsasundunuunss lay
nMyingamglivesmanouuazinanifuresaioiodn wui manmniniaudeuvesan
Fedaimanufianaianiiiu 0.005 faddeiuns.taadu nssieaudmerdsauuninigu
161 0.0004 TAAFBLUAT.LARIY VDIRWIUAUANTOUTRINUFUUEIA kaz 0.0002 INARBLUAT.
iU vesamutuARSauIn iU e Wiendudzen waskuunay Tneluvmedaany
liutueuiiAnanmsaeuliisusmeiBasunduuuunse Asziuanandesiu 95% e 0.0002
Indrolns 1naiu GeagiiiuiniinsaouiiisuedesindanimnsiiauieusneiBae undy
wuuassii SelndiAseiu Bnsaeuifisuietagdrdanasgiu fauisnsdtaduisnig
flagtheanailitnglunisdsandredeindulusamhenunanlusiasemanussezinand
fnuaiieviinisiusesnnsgu Adaldefiguarauddosiailumsdnds insennsaou
\ieushsusaamgiiviaunanddy via PT100 anmsavildlusiesl foRnsAlasuinsgm
15017025 Afegiduduaumnnlusamalne Hafesniuasiialdseiignainun

2. msAnsuazNAnauILRUALSeUIINLNUEUUESA Tadudesa Wiendudysa
LAZLUUHANT 3 vialudnsidy 1:1:2 nudeanmnstiaudeu fe 0.0402 + 0.0002,
0.0320 + 0.0002, 0.0713 + 0.0002 W&z 0.0291 + 0.0002 TAAABLUAT.LAGIU AUAIAY LAY
awuiiinannisuauduleiiauriaaglfdanmnisiiaiuieusian sesasfeauin
MNdUUEsA awuanuLNuduYEse warauundendulyse suddu uwasdAlndlAes
fuauuiidmeegludonded annanimmeaeuladadunumenidunisiamunian
widofsandulzaaliiinUselon uasiuyadldnoly

JoLAUDUL

mAfeaduifumdunmsinuiimstadaniwnisiianufouvesauiuainidy
loduzsnmeiBasundumansslaglisniuieampiviaunandiu ileliiAauumidlunis
Usgndanauazalidglunsaeuiiisuiniosdlelasanunsnvlaluusemelng uagldnu
AuantAnsihauieuvesauIuiiogns Aoauiuiunnuiouiindnantagmdefimng
MainuAT A wnu 92 Waondulzan uasauiuduaudeurnnisiauTagi 3 wlindae lns
uaansAnuldiiteiauenuzdeluil
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1. lumsasuifleusdosiamanmnisthaufeutu uenanansadeuiiieulng
THsusgamapiviaunaniithlunisaeundumemsaudn Sanunsayinisaeuifiouddugi
uUssiiiuaunisanuliwiueuledn wu menunuvesiagmeasy lagldiesitondy
wWos (vernier caliper) lunsaaunauNIenss

2. Tunideiildmsanwnasiansaanigludiuanuduiusndudassroiu ua
faflanudunusvesadugdn fienvazlaidudasyreiu delusiasesddiniodieniaig
az9enung TunsfinuiyisnsaeuisulAsodilslaeidaaunaun IR lumUaug dn

3. aunfuarudousednsiithumaseulaelifanmdefimamainuasie unu 47
Waenduizsn sudsauiuiuanudeunuunaui 3 9dn daninnisdanudeulndiaes
fuarnufuaudeuludmnded fuiuonaariiuumislunsenwanudululd Aosnanles
Huauiueufeuitldinnsgiu dnsAnwianaudRduduisfy 1wy AnuamY N3
awllil nsazavveadelsa [Wudy

4. nnsAnwmanmnsiiauseunuitauuiuausaulndanHaua 3 yin
fienanuduauudfan dadueraduwwimednwmsoideduudlaseada Msdasess ns
Josdumudou nmsszuieanuiou wseautRnuaus)lasneme
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1. LA UAIENINNTTUIAINTAU heat flow meter Ju HC-074

18 EKO INSTRUMENTS CO., LTD. Ui%L‘Vlﬂij‘l'Jqu AUNINTZIU ASTM - C518

THERMAL CONDUCTIVITY TESTER

HC-074-200

Conforms ASTM-C518

soss01  EKO INSTRUMENTS cCo., Ltd.

JIS-A1412
STRUCTURE AND PRINCIPLE \

The thermal conductivity of a specimen (A} is determined by
the following the equation;

Heat sink

g e Ll L -
NN Thermo-module
Heat flow transducer A= Qu + Qu 5 4
2 AT

Where Qu is the output of the upper heat flux transducer, QL is
the output of the lower heat flux transducer, L is the thickness

Test specimen

of the specimen and AT is the temperature difference between
. Stepping motor
the surfaces of the specimen.

The upper and lower surface temperature of both transducers
are provided on the instrument LCD at the end of the test.
In each component of the conductivity equation, heat flux,

Circulator
(option)

thickness of the specimen and temperature of specimen

mBer Briccer taption) surfaces, the HC-074 provides extremely precise readings.
Software
{option)
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SPECIFICATIONS

HCc-O72-Zo0 |

Measuring method

Heat flow method, According to ASTAM-C518,

ISO-8301 and 1I1S A 1412

Thermal conductivity range

0.005 to 0.8VW/m - K

Accuracy Better than 1%
Repeatability 0.2%
Reproducibility 0.5%
Maximum temperature of hot plate +75°C
Minimum temperature of cold plate -20°C
Temperature control and resolution 0.01°C

Sample size

ﬁgl») Designation: C518 — 10

Standard Test Method for

200mmMm square

Steady-State Thermal Transmission Properties by Means of
the Heat Flow Meter Apparatus’

This standard is issued under the fixed designation C518; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.
ANNEXES

(Mandatory Information)

Al. EQUIPMENT DESIGN

Al.l The exposed surfaces of the plates and the heat flux
transducer, that is, the surfaces making contact with the
specimens, shall be painted or otherwise treated to have a total
hemispherical emittance of greater than 0.8 at their operating
temperatures (see Note Al.1).

Nore Al.l—Hard anodizing of aluminum produces a surface with a
total hemispherical emittance of approximately 0.85. Several paints are
available, which when applied as directed, produce a total hemispherical
emittance of approximately 0.86.

Al.2 Plate Assemblies, Hot and Cold—The two plate as-
semblies should provide isothermal surfaces in contact with
either side of the test specimen. The assemblies consist of heat
source or sink, a high conductivity surface, means to measure
surface temperature, and means of support. A heat flux trans-
ducer may be attached to one, both, or neither plate assembly,
depending upon the design, (see Section 6). In all cases, the
area defined by the sensor of the heat flux transducer is called
the metering area and the remainder of the plate is the guard

should be 0.02 % of the maximum linear dimensions of the
plates (see Note A1.2). One way to check this is to use standard
gauge blocks to generate a map over the metering area (10).

Nore Al.2—The planeness of the surface can be checked with a
straightedge, of a length greater than the width or diameter of the unit,
held against the surface and viewed with a light behind the straightedge.
Departures as small as 25 mm are readily visible, and larger departures can
be measured using shimstock or thin paper.

A123.0 1t s important to maintain the parallelism of the
plates for several reasons. In most cases it is the plate
separation, which is measured in order to determine specimen
thickness. Furthermore, the plate parallelism is important in
maintaining consistent surface contact with specimens in
repeat testing, such as calibration, and is required to maintain
a uniform temperature difference across the specimen(s). If the
plate temperatures are cycled continuously during testing, the
flatness needs to be checked periodically.

Al.2.4 Plate flatness may become critical when measuring



area.

AL2.1 A means shall be provided to maintain the tempera-
ture of the plate assemblies at the desired level. Examples are
fluid baths, electrical heaters, or thermoelectric coolers, or a
combination thereof (7-9).

A1.2.2 If a heat flux transducer is located at the midplane of
the specimens (see Fig. 2), then means shall be provided to
determine the average temperature of the transducer in order to
apply temperature corrections to the calibration, except when
the test temperatures are equal to those used in calibration, in
which case no correction is required. If a matched pair of
specimens is tested, the temperature of the transducer can be
computed from the temperatures of the plate assemblies.

Al1.2.3 The plate assemblies shall be sufficiently rigid to
maintain flatness and parallelism. For an apparatus designed to
be used over wide ranges of conductivity and thickness
(thermal resistances) the flatness and parallelism of the plates

A1.3 Temperature Measuring and Control Systems:

A1.3.1 The surfaces of the plate assemblies in contact with
the specimen(s) shall be instrumented with precision tempera-
ture sensors such as thermocouples, platinum resistance ther-
mometers (RTD), and thermistors. Temperature sensors shall
be mounted in grooves so as to be flush with the surface in
contact with the specimen(s).

A1.3.2 No strict specification is given as the number of
temperature sensors that shall be used for each surface;
however, the user shall report the uncertainty of the tempera-
ture measurement, including the component due to temperature
nonuniformity across the surface. In some cases where tem-
perature mapping of the plate surfaces has indicated high
uniformity under all conditions of use, one thermal sensor per
surface has been used satisfactorily.

A1.3.2.1 Special precautions should be taken to ensure that
the temperature sensors are anchored thermally to the surface
to be measured and that the temperature gradients along the
wires leading to the sensors are minimized. If thermocouples

D T P ps SR SN | | ) S S 1

T UPFUDIIIE SULTAVLD Al \.Ullll.l-’\.-lbd dlll\.‘lbllllﬂlly. lll\.j allall '00
electrically insulated from the plates with a resistance of
megaohm or greater (5, 6).

A1.3.2.2 Thermocouples mounted in the surfaces of the
plates or sel into the surfaces of specimens should be made of
wire no longer than 0.25 mm in diameter (No. 30 B and S
gage). For highest accuracy only “special limit” thermocouples
should be used. In addition, even these “special limit” thermo-
couples should be checked for nonhomogeneities in the wire.
For information concerning voltage output and accuracy of
thermocouples in the cryogenic temperature range, and instal-
lation, see Refs (7, 8).

A1.3.2.3 Temperature sensors should be calibrated to an
accuracy equivalent to that for thermocouples conforming to
Tables E230. The precision of the temperature measuring
system may need to be better than this to detect the effect of
drift on the results discussed in Appendix X3. The accuracy
required by a heat flow meter apparatus can best be determined
by carrying out an error analysis (see Annex A2), and then
calibrating the temperature sensors to the degree required.

52

specimens with less thermal resistance than the calibration
standards, irrespective of the thickness or rigidity of the
calibration standard. For rigid thin specimens the criteria given
in A1.2.3 may not be sufficient.

Al1.2.5 The rigidity, flatness, and parallelism of the plates
may impede the testing of rigid specimens where it is not
possible to obtain good surface contact. In such cases, the use
of a thin sheet of suitable homogeneous material may be
interposed between the specimen and the plates surfaces. This
thin sheet should have a low thermal resistance relative to the
specimen. The resistance of the thin sheet should be deter-
mined using a Test Method C177 apparatus. The resistance of
the composite sandwich (sheet-rigid specimen-sheet) then is
determined and the value of the sheet resistance subtracted
from the total resistance. Caution should be exercised when
using such a practice as it is prone to adding more uncertainty
to this method.

A1.4.2 Surface Sheets—Both surfaces of the transducer
should be covered with a layer of material as thin as is
compatible with protection from thermal shunting of the
thermopile. The exposed surfaces of the heat flux transducer
shall be finished smoothly to conform to the desired geometric
shape to within the limits of A1.2.4.

AL.5 Plate Separation, Specimen Thickness—A means shall
be provided to determine the average separation between the
heating and cooling plate surfaces during operation. Rigid
specimens generally act as the spacers themselves, and plate
separation is determined by their thickness at operating tem-
perature. In this case, a small constant force generally is
applied to hold the plates against the specimen. It is unlikely
that a pressure greater than 2.5 kPa will be required. For easily
compressible specimens, small stops interposed between the
corners of the hot and cold plates, or some other positive means
shall be used to limit the compression of the specimens (see
Note A1.3). Provision shall be made for checking the linearity
of any thickness measuring system.

Nome AL.3—Because of the changes of specimen thickness possible as
a result of temperature or compression by the plates, it is recommended
that specimen thickness be measured in the apparatus, at the existing test
temperature and compression conditions whenever possible.

Al.6 Edge Insulation—Heat loss from the outer edges of
the heat flow meter apparatus and specimens shall be restricted
by edge insulation or by governing the surrounding air tem-
perature or by both methods. The three different configurations
differ in their susceptibility to edge heat losses as is discussed
in Appendix X2 (2, 4, 9, 10).

AL6.1 For all three configurations, the susceptibility to
edge heat losses is related strongly to the sensitivity of the
transducer to temperature differences along its main surfaces,
and therefore, only experimental checks while changing envi-
ronmental conditions can confirm, for each operating condi-
tion, the magnitude of the effect of edge heat losses on
measured heat flux. This error should be smaller than 0.5 %.

AL.7 Measuring System Requirements—The apparatus



Al.3.24 In the special case where the heat flow meter
apparatus is used only for repetitive tests on one material and
the same plate temperatures are used for calibration, (and
where the standards are tested at the same temperatures) the
accuracy of the calibration of the temperature sensors will not
be as critical since any errors will remain constant and be
included in the calibration.

Al4 Heat Flux Transducer:

Al4.1 Types of Heat Flux Transducer—The types of heat
flux transducers are described in Practice C1046. The gradient
type, often used in the heat flow meter apparatus, consists of a
slab of material, the “core,” across which the temperature
gradient is measured, normally with a thermopile. The main
transducer surfaces are assumed to be isothermal, so the heat
flow will be normal to them. Precautions shall be taken to limit
the effect of heat flow through the leads on the output of the
thermopile. Often the heat flux transducer also is instrumented
to measure one of the surface temperatures of the specimen(s).

establish these limitations, one must prove the performance by
comparing the results with materials of similar thermal prop-
erties previously tested on a guarded hot plate apparatus as
those to be evaluated.

A18.1 A single point of reference may lead to serious
errors. Select a range of transfer standards having known
thermal transmission properties, which cover the range of
values to be tested, in both resistance and thickness. If a range
of standards is not available running tests on a single standard
at different AT’s will provide verification of linearity. On
equipment with fixed plate temperatures provision shall be
made for calibration of electronic circuitry independent of the
remainder of the apparatus.

A1.8.2 If the apparatus is to be used at thicknesses greater
than that of the available reference materials, a series of
calibration measurements shall be performed to insure that the
equipment does not introduce additional errors, which may be
due to lateral heat losses or gains brought about by insufficient
guarding (4, 10). One means of checking for these errors is to
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measuring system shall have the ‘following capabilitiés::

AL.7.1 The uncertainty of the measurement of the tempera-
ture difference across the specimens shall be within = 0.5 % of
the actual temperature difference.

AL7.2 A voltage accuracy of better than 0.2 % of the
minimum output (from the transducer) to be measured.

A1.7.3 Sufficient linearity so that the system contributes less
than 0.2 % error at all outputs.

A1.7.4 Sufficient input impedance so that the system con-
tributes less than 0.1 % error for all readings.

AL7.5 Sufficient stability so that the system contributes less
than 0.2 % error during the period between calibrations, or 30
days, whichever is greater.

Al.7.6 Adequate noise immunity so that less than 0.2 %
rms noise occurs in the readings.

A1.8 Proven Performance—The test results obtained by
this test method only can be assured if the limitations of the
apparatus are known. See Appendix X3 for further details. To

use multiple thicknesses of the calibration standards. If these
are stacked with a radiation blocking septum between each of
the standards, the first approximation is that the total thermal
resistance is the sum of the individual thermal resistances.

AL.9 Environmental Control—In many applications, it is
desirable to control the environment surrounding the test
specimen to reduce edge heat losses, and it is especially
important when the mean test temperature is below the ambient
temperature, in order to avoid condensation on the cold plate.
A cabinet or enclosure surrounding the isothermal plates and
the specimens to maintain the ambient temperature at the mean
temperature of the specimen also may be used as a means to
maintain the dew point temperature at least 5 K lower than the
temperature on the cold plates, in order to prevent condensa-
tion and moisture pickup by the specimen. Any environmental
control system employed in conjunction with a heat flow meter
apparatus shall be capable of maintaining its set point condition
within = 1°C in temperature.

A2. EQUIPMENT ERROR ANALYSIS

A2.1 A complete error analysis is complex; however, some
form of error analysis is mandated for compliance with this test
method. Such an error analysis is useful for estimating which
parameters may contribute to the overall uncertainty in the
measurements. It is the option of the manufacturer or user of
the apparatus to follow the guidelines given in A2.9 or A2.10
to determine the uncertainties. It is mandated, however, that
any result shall be accompanied with its uncertainty.

A2.2 For any one given apparatus, a careful error analysis
as outlined here, in most cases, will show up any major
difficulties, which may need correcting in order to improve the
measurement accuracy of the heat flow meter apparatus. The

A2.7.3 Heat flow meter apparatus calibration may be de-
pendent on heat flux.

A2.74 Temperature sensor inaccuracy may result in the
standard being tested at inappropriate temperature conditions.

A2.7.5 Hot and cold plate surface emittance shall be similar
to the primary apparatus on which the standard was measured.

A2.7.6 Heat loss from specimen edges may be significant
under some conditions. Factors to be considered when evalu-
ating edge losses are thickness of specimen, conductivity of
specimen, width of guard, amount of external insulation, and
edge ambient temperature,

A2.7.7 Plate separation and parallelism inaccuracies can



performance of this analysis involves consideration of the
following points.

A2.3 Estimates of errors in each individual measurement
procedure and propagation of these errors to the final result.

A24 Measurements to determine apparatus variability to
intentional deviations from normal operations.

A2.5 Measurements on reference materials and participa-
tion in round-robin programs.

A2.6 For a more complete discussion of error analysis the
reader is directed to the ISO “Guide to the Expression of
Uncertainty in Measurements™ (20).

A2.7 Calibration Errors:

A2.7.1 Heat flux transducer calibration is temperature de-
pendent and must be considered if the transducer temperature
is changed.

A27.2 Specimen temperature gradient may affect the cali-
bration factor.

material. Results showed that all these factors did not signifi-
cantly influence the calibration procedure adopted for the
apparatus used. The calibration method was also successfully
applied to two other heat flow meter apparatus.

A2.8 Error and Uncertainty Estimates:

A2.8.1 The uncertainties in measurements on the heat flow
meter apparatus can be divided into the three general categories
of (1) uncertainty of the precision of the calibrating specimen,
(2) uncertainty in the precision of the apparatus, and (3)
uncertainty due to the fact that the calibrating specimen and
test specimen are not identical.

A2.8.2 National standards laboratories generally express the
expanded uncertainty of a measurement artifact (that is, cali-
bration specimen) as defined by current international guide-
lines (20, 33). The user must evaluate their measurement
uncertainty by proper inclusion of the uncertainty of the
calibration specimen reported by the national standards labo-
ratory.

A2.8.3 The repeatability of a heat flow meter apparatus can
be determined by making independent replicate measurements
on the same specimen by the same operator in the shortest
practical time. Independent measurements require the removal,
re-conditioning, and subsequent installation of the specimen.

Nore A2.1—With the application of proper laboratory procedures, the
user could realize a repeatability coefficient of variation (CV %) of 0.5 %
or less. By conducting replicate measurements at regular time intervals,
the user can demonstrate that the apparatus is capable of performing in a
consistent manner over time. The use of control charts is recommended to
monitor the control stability of the heat flow meter apparatus.
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produce errors.

A2.7.8 Check the voltage output of the heat flux transducer
to be sure that when the heat flux is zero there is no voltage
output by the heat flux transducer. If there is a voltage output
with no temperature gradient, analyze the problem and make
corrections before proceeding with testing. The state of zero
heat flux is usually accomplished by leaving the apparatus
completely turned off in a constant temperature room for a
sufficient length of time such that the entire apparatus is at the
same temperature.

A2.7.9 Some heat flux transducers may be pressure sensi-
tive.

A2.7.10 Decisions on outlying calibration points should
have statistical basis, including input from documents such as
Practice E178.

A27.11 Lackey et al (30) studied the impact of material,
thickness. mean temperature and temperature difference and on
calibration. The study involved 91 individual measurements
and 6 transfer standards. Testing was carried out over a period
of six months. Specimen thickness varied between 26 to 158
mm, mean temperatures between 0 to 40°C, temperature
differences between 10 and 40°K and two types of insulating

A=S§-E-LAT (A21)

The uncertainties in S, E. L, and AT (85, 8E, 8L, and dAT)
can be used to form the uncertainty 8\ by the usual error
propagation formula where the total uncertainty is calculated
from the square root of the sums of the squares of the
individual standard deviations.

(BN = (BSIS + BEIE) + (BLILY + BATIAT  (A22)

This equation assumes that the errors in §, E. etc., are
random and independent of each other since the covariance
terms are omitted. This is valid here if different instrumentation
is used for measurements on each of the variables (20). In order
to use Eq A2.2, the operator must estimate the maximum
uncertainty for each variable and examine the sources of error
to determine which can occur randomly and which can occur
simultaneously.

A2.10.1 Care shall be taken to evaluate properly all of the
uncertainties in the variables S, E, L, etc. For example, obvious
sources of error in E are those caused by extraneous transverse
heat flow along leads and deviations from one dimensional heat
flow; however, an often neglected but important heat leak is
that caused by a temperature drift of the transducer itself. This
can be estimated readily from the heat capacity of the trans-
ducer assembly and the drift detection limit of the measure-
ment system. The error in AT, §7, can be caused by calibration
errors and measurement errors, but also by incorrect place-
ment, incorrect thermal anchoring, and disturbances introduced
by the thermocouple itself.

A2.11 Experiments should be performed to determine the



A28.4 The third category of uncertainties is much more
difficult to evaluate. This involves the uncertainties due to
errors associated with the calibration standard and unknown
test specimen not having identical heat transfer properties. A
list of potential uncertainties is given in 8.1. An example of this
is a laboratory having standards at 25.4 mm, 76.2 mm, and
152.4 mm and running a test at 127 mm. While it is possible to
reduce the uncertainty by following good laboratory proce-
dures, there is always a small but real uncertainty.

A2.9° Interlaboratory comparison results can be found in
Refs (21, 22, 23, 24, 28, 36, 37). In addition there was a
workshc}p on measurement errors and methods of calibration of
the Heat Flow Meter Apparatus held by ASTM C-16 at
Williamsburg, VA, on April 10, 1994 (12, 13, 29, 30, 31).

A2.10 To illustrate a procedure of error analysis estimation,
consider the operational definition of thermal conductivity:

As follow ASTM C518
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variability of the test results to deviations from normal oper-
ating conditions. This variability combined with the estimated
control stability under normal operating conditions can be used
to estimate the error from this source. As one example, the
effect of an imperfect guard balance control can be determined
by purposely offsetting the guard, if this is possible, by a
sufficient AT in both directions and measuring the differences
in the measured output.

A2.11.1 Care should be taken to not use such large offsets
that nonlinear effects occur in the specimens. These results
combined with the probable value of the offset during normal
operation yield the error due to imperfect guard balance.

A2.12 The total estimated imprecision can be listed in a
table of errors, such as shown in Table A2.1. This table is
shown as an example only and does not represent any one
particular heat flow meter apparatus since the errors will be
specific to each apparatus.
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1ny Onset Computer Corporation Uizmmﬁ%’gam‘%m

HOBO U12 data loggers provide high-accuracy monitoring of gusal
temperature, humidity, and other parameters. They provide 12-bit T =
resolution measurements for detecting greater variability in recorded R

data, direct USB connectivity for convenient, high-speed data :: : :

offload, and a 43K measurement capacity. They also feature rugged
enclosures for enhanced product durability.

Supported Measurementis: Temperature, Relative Humidity, Dew

Point, 4-20mA, AC Current, AC Voltage, Air Velocity, Carbon Dioxide, c

Compressed Air Flow, DC Current, DC Voltage, Gauge Pressure,

Kilowatts, Volatile Organic Compound (some sensors sold separately) 9 .“'ulnw
empRtbgHind channel
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TMCx-HE Temperature Sensor

For use with HOBO®™ U12 series data loggers and ZW data nodes

Specifications

Measurement Range -40" to 100°C (-40° to 212°F)

Accuracy with U12 +0.25°C from O° to 50°C (+0.45°F from
32° to 122°F), insert probe 2.3 cm (0.9
inches) minimum; see Plot A

Accuracy with ZwW +0.21°C from O® to SO°C (+0.38°F from
32° to 122°F); see Plot B

Resolution with U12 0.03" at 20°C (0.05° at 68°F); see Plot A

Resolution with Zw 0.02°C at 25°C (D.04°F at 77°F); see
Plot B

Drift <0.1°C (<O.2°F) per year

Response time in air 2 min. typical to 90% in air moving 1
m/sec (2.2 mph)

Response time on a Typically 2 times faster than the TMCX-

pipe HD. Typically less than 1 minute to
90%6.

Housing Copper-plated sensor tip

Dimensions 0.9 x 5.8 cm (0.38 x 2.30 inches)

Weight 34 g (1.1 oz)
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3. NABIYAaNTIANAINDA (digital microscope) AMAsvEIY 500 Wi

a8 Dino-Lite Uszwneldniu

The digital microscope was designed for
professional users who need sharp picture
quality as well as measurement function as
professional tool. The measurement capability
allows the user to input the magnification rate
reading from the microscope and then take

measurement on line and circle. Further

measurement related functions are kept been
developing and the software will be able to be

updated automatically through the internet without further charge.

General Features:
- “Micro-Touch” (trigger button)
- USB 2.0 Output, 1.3M / Resolution 1280x1024
- Magnification: 500X Fixed

- Measurement with calibration features (not available on Mac OS)

Technical Specifications:

- “Micro-Touch” (trigger button)

- USB 2.0 Output, 1.3M / Resolution 1280x1024

- Magnification: 500X Fixed

- Sensor: 1/3” Color CMOS

- Video frame Rate: up to 30 frame-per-second

- Illumination: built-in 8 white LEDs

- LED on/off controlled by software

- Save File format: BMP, JPG, AVI

- Compatible Windows 2000/XP, Vista and most MAC OS (please verify MAC
0S)

- Measurement with calibration features (not available on Mac OS)

Regulatory Approvals: CE, FCC, ROHS
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ng MEMMERT GmbH + Co. Usewnelgasii

The waterbath provides state-of-art comfort and the safety in the laboratory.

Control:

- microprocess PID-temperature controller with integrated autodiagnostic
system with fault indicator.

- solid state switching unit one PT100 sensor class A in d-wire-circuit integrated
digital timer from 1 min. to 99.59 hours for: ON continuous.

- operation WAIT (delayed on for continuous and limited timed operation)

Textured Stainless Steel Casing:
-Ixwxh: 578 x 436 x 238 mm.
- material 1.4301 (ASTM 304), corrosion resistant.

Interior — Heating Concept:

-Ixwxh: 350 x 290 x 140 mm, 14 liters.

- stainless steel, reinforced by deep drawn ribbing, material no. 1.4301 (ASTM
304), laser-welded corrosion-proof large-area heating on three sides.

Temperature Range:

- min. 5°C up to +95° C with addition boiling mode (+100° C)
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The Center of Building Innovation and Technology

TEST REPORT

Date : 13 August 2012

Report Number : 1208-002

THIS TEST IS SPECIFIC FOR :
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AUNIFNATING MATATNE AuzInnmaas ynInadunyasmans

Thermal Conductivity (W/mK)
Sample Type
Thicknes (cm) Test Temp 1 © Test Temp © K-Value Remark

1. auufiuaudou 2.270 + 0.0003 20.000 50.000 0.0402 + 0.0004 | Follow Up

nnunuduilzia
2. auaudunndou | 2.250 +0.0003 20.000 50.000 0.0320 £ 0.0002 | ASTM-C518

nniadnlzsa "
3 auwnuanudeou | 2.270 + 0.0003 20.000 50.000 0.0713 + 0.0002

naldenduilesa
4. auauduanwieu | 2250 +0.0003 20.000 50.000 0.0291 + 0.0002
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Reference Methode : ASTM C518
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