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Sutas Rodphayoong. (2004). The Development of Humidity Control Chamber Using Ultrasonic
Waves. Master thesis, M.Ed. (Industrial Education). Bangkok : Graduate Schoa!,
Srinakharinwirot University. Advisor Committee : Dr.Pairust Vongyutiakrai, Mr.Ophat
Sookwan.

The objective of this thesis was to develop humidity control chamber using ultrasonic waves .
The size of outside of chamber is 53.5 centimeter width 46.0 centimeter deep 30 centimeter high
and inside size of chamber is 45.5 centimeter width 31.6 centimeter deep 44.7 centimeter high,
The chamber made from zinc and has capability of 60 litters. The ultrasonic waves humidity
generator size 20 watts and have humidity capacity of 100 ml/ hour litters, using 24 volts altemating
current (A.C.), which installed in humidity control chamber and measure wet & dry bulb temperatura
for 1 hour continucusly. The efficiency of humidity control chamber using ultrasonic waves was
based-on ASTM E337 (Method B). The specification of this ASTM E337 réquire to test the humidity

control chamber using ultrasonic waves under shade and the temperature out side should not be

difference more than = 0.3 °C and the variation £ 5 % RH. The appropriate of this humidity controf
chamber using ultrasonic waves was consider in 4 areas. First is safety. Second is structure. Third is
implementation and. Fourth is maintenance. The researcher let 3 experts specialize in temperature
and humidity evaluated the humidity control chamber using ultrasonic waves.
The efficiency of humidity control chamber using ultrasonic waves were as followed:
1. Set up the humidity control chamber at 15 °C @ 40 % RH and the temperature of
dry and wet bulb temperature of 16.13-8.40 °C the difference is 7.73 and has humidity

inside chamber % 32 % RH with humidity variation & 2.50 % RH calculate by the
standard ASTM E337 (Method B).The humidity control chamber cannot humidity
at 40 % RH.

2. Set up the humidity control chamber at 15 °C @ 50 % RH and the temperature of
dry and wet bulb temperature of 17.12-9.07 °C the difference is 8.05 and has humidity

inside chamber T 31 % RH with humidity variation + 3 % RH calcutate by the
standard ASTM E337 (Method B). The humidity control chamber cannot humidity
at 50 % RH.

3. Set up the humidity control chamber at 15 °C @ 60 % RH and the temperature of
dry and wet bulb temperature of 16.87-10.17 °C the difference Is 6.70 and has

humidity inside chamber £ 41 % RH with humidity variation & 1 % RH calculate by the
standard ASTM E337 {(Method B). The humidity control chamber cannot humidity
at 60 % RH.

4. Set yp the humidity control chamber at 25 °C @ 40 % RH and the temperature of
dry and wet bulb temperature of 25.37-16.26 °C the differenca is 9.11 and has



humidity inside chamber & 37 % RH with humidity variation £ 1 % RH calculate by the
standard ASTM E337 (Method B). The humidity control chamber can humidity
at 40 % RH.

5. Set up the humidity control chamber at 25 °C @ 50 % RH and the temperature of
dry and wet bulb temperature of 25.09-18.24 °C the difference is 6.85 and has
humidity inside chamber & 51 % RH with humidity variation £ 2.50 % RH calculate by
the standard ASTM E337 (Method B). The humidity control chamber can humidity
at 50 % RH.

6. Set up the humidity control chamber at 25 °C @ 60 % RH and the temperature of
dry and wet bulb temperature of 25.40-19.58 °C the difference is 5.82 and has
humidity inside chamber =+ 58 % RH with humidity variation & 3.50 % RH calculate by

the standard ASTM E337 (Method B). The humidity control chamber can humidity
at 60 % RH.

7. Set up the humidity contro! chamber at 30 °C @ 40 % RH and the temperature of
dry and wet bulb temperature of 30.06-20.22 °C the difference is 9.84 and has
humidity inside chamber X 40 % RH with humidity variation & 1 % RH calculate by
the standard ASTM E337 (Method B). The humidity control chamber can humidity
at 40 % RH.

8. Set up the humidity contro! chamber at 30 °C @ 50 % RH and the temperature of
dry and wet bulb temperature of 29.41-21.43 °C the difference is 7.98 and has
humidity inside chamber & 48 % RH with humidity variation & 1.50 % RH calculate by
the standard ASTM E337 (Method B). The humidity control chamber can humidity
at 50 % RH

9. Set up the humidity control chamber at 30 °C @ 60 % RH and the temperature of
dry and wet bulb temperature of 28.69-22.25 °C the difference is 6.44 and has
humidity inside chamber + 57 % RH with humidity variation & 5 % RH calculate by the
standard ASTM E337 (Method B). The humidity control chamber can humidity
at 60 % RH

For the appropriate of this humidity control chamber using ultrasonic waves was consider in

4 areas as followed:

Safety is in good level.

Structure is in good level.

Implementation is in good leve! and

Maintenance is in moderate level.
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1.3.5 wiuvesgnngil
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¥ ﬂmnnﬁ'w:gaua:v‘hmuamwmmﬂ sinauvmsenuiezveniuningunpiesmuamdue
unzosrnwisulas
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1.3.7 1Bwunesdl (Enthalpy) '
araieuil 2 Fane grunnd unzSunmanuion Tnuqmnqﬁl'ﬂuﬁeﬁ’iﬂm'lmﬁwm
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- 200

e oa A e e
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A o - - - M - - . -~ ' .
ATINTRAUANTDIIMT I IADEINDUTIAN I0MT LASHINIWIBNTIEIU AD BNTIENRTZRIN

m':awm’ﬁwmmmﬂwm:ﬁi’miatwmwm’gaqm:Na:naeﬁ"r?'nﬁoglﬁg«qa’lummﬂﬁqmnqﬁ
uInNy

1.3.9 lslasuningin (Psychrometric Chart)

lalnsnuniaoin Lﬂunﬂﬂﬁuamnﬂuﬁuﬁuﬁmhoqmnqﬁnnﬁ'waa'lm':'l ANEM

- -~ z e by el
muunuuamqnmgu mnamqﬁ"mmuamuﬂﬂmsna'la\h aInwliznoy 6
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1-DRY BULE YEMPERATURE LINE
1-HUNIDITY RATIO LINE .
-3HUMIDITY RATIO SCALE

A-WET BULB TEMPERATURE LINE
3-SPECIFIC YOLUME LINE
S-ENTHALPY SCALES

7-DEWPOINT TEMPERATURE SCALE
B-RELATIVE HUMIDITY LINE

2VAPOR PRESSURE SCALE
10-SENSIBLE MEAT RATIO SCALE

A-INDEX POINT FOR SENSIBLE
HEAT RATIO SCALE
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1.3.10 noejmitwamwsnnmshonanuiowvsnanawssiuazduiloinnef
noutaniseiuazdvnilannefillgUniolmemanuienvesmaiemanduinamoly
vsrisneuemseiuazBunilone! Tasldfnmalummisinonnaien fsamwanmefiseson
ssunpamuioulsun eme i wiomasaatha
1.3.10.1 BunlUsimnef mw_mnﬂni'nwmﬁmﬂﬂnwmaﬁztﬁﬁ"z‘:’ﬂaum'n'n
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ey . 2528 : 423)

vIngns Q = AUTD
Q fatBnnmuion Iwimiuind

a X da . v - ¢ -, o
A faunfalumsmomanuionzesdwiddernned Iminodumsaang
u fFussantlumymomenauiewty  imbniwindmnaenr-ui

A -l f o - - o« - ' - -
TD namqm\qunuﬂnmamﬂwmmnmﬂﬂawmm mdnitlwasmiTasos

e O -T)-@, -T,)

in, -T,)
(T L -T r)
T, fegmnpivssemehunssfiiu psmuados
T, ﬁnqmnqﬁummmnﬁaanmnnaué’nﬁu sy sRBLE
T, fepnmpiivesmamamuiiumoluvie ssmusnidus

. T a
1.3.10.2 souawzed Vnmanuisunimusnnenieussfzinoeens:
- - [ - o - -~
ﬂv:naumum'mmwnmﬁmﬂﬂanmni’mmmga‘lﬂ wazaNuisumNsNNMIBamIYnanuiin
- - - - - y . o4
wnanaumIaseiLazaMuiowfinnnlefaudonuInnyienn Fuduhunitsvosmizves
- ot - . - -
aowewited Winasmulounnomenitoidsimmmimivasniwtaefuuvile mizves
aoueniad iy sruEEInvsInaumImsed (Rleine) + mssnliuuewmed (Rlain)
-1 [] :’ .' "
1.3.11 ngueimadswannBinalahlumaiuussasnnui
s P - g P -, -
lodndrngluussmeniinnusiuianng o Arnuduiuszaungiiuausmmma
.U - [ ] b - [ » L J o, L)
'lamn:muamﬂumﬁaugmf ATUARUNANIsITMALRIMBIMUTI MMM eo AT 16
ﬁm’m’lnﬁtﬁmﬂﬂmﬂuﬁ'\-ﬁﬁ'ugu{ wnrsshefuyTaamnalzynililvegluniuesemea
P ¢ - - - - & . P4 v - ")
v  lumalfifsssmnlfummeamidmanniaguuningn wigmvsalovimuiinmaulfouulsa
atilaue n’nﬁ‘muﬁﬁmuua:miﬁﬁmm-ﬁmg‘luﬂﬂuEuﬁuﬁlnaqmﬂum-ﬂmmn?n DITAIION
J » : Jd ot Y 8 - - » -~
Pianms (V) Auninenyssmmatuniienuis p uszannnil t Panmaa m, (Duilanfudmiu



28

- - - - > P TS F 4 - . -
gmauanazna m, duilanfrueni RN () DOIETIATH Seniguwpiinszihz
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4 e x x - - [ -
w AouaraupidnEnwanuss AlanTuAlanTuanmauis
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2.4 wanmIeoarnaruin
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nanmIsenuuiin
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Y 4 N - a -
nagIMIBEAINMVUTaUEN qﬂnm‘fn'l-nmm'mmuﬂa ABUINTALTET (U175 mgnmf. 2522 : 10 —
11)
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daamaAauinau Suedisnsiuliiilnaundalulizma iRanaununining gagmnyIni
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Tdvpparagwraimaununninildidusulng nnmumsuamgtuu'luﬂs:mﬂmmmm'lﬂ
nivfapas 90 wasthsnaniimitoludrsdseing (QAFMNTINET. 2537 : 45 ~ 54)

- = . w e - a & . o .

Qtﬁuu'ﬂmmmac} m g}tuunl'in:wmmanmum 1.5 gnmnﬁv!m (42.45 &wv) D vwralng)

a [V 4

30 gnmﬂﬁvgm (849 §97) (FNADA eﬂumuqa. 2542 : 183 — 190)
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saulsznauvagiin avmwilsznay 8 Jdmdszneuasii

¥ . . & . ast
1. Tﬂngf'nuuanua:unum Mannanusiu (Steel Sheel) ﬁ’wugﬂua:munﬁmﬁ
b o L » A’ i - . " -

Jasnuaiy aunrwiou WuRIDINU BHa Thermosetting Acrylic amino resin

. lmsivunan
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="\n\um'lufu’m Y.
n'uvrmfn.'a *
mwdiznay 8 muﬂs:naumaog]lﬁu
L J
(aurind aluaona. 2545 : 184)

2. Tmogﬁ"fu'lutta:dflu ¥anwansdin High Impact Polystyrene (HI — PS) wia ABS
(Acrylonitrile - Butadiene — Styrene) Shiaminun Tiiduaiy

3. aumnuaNuTon Lﬂui'aqﬁliﬁm:whﬂnn@"ﬁv'uuanua:'z?u'lwaoej’tﬁu Man
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TN 8 (vin)

. sanmiwuiou k
Rk w/m.C
nzi (u?q*ni’;) 35
wannalasy - imfia (18% Cr, 8% Ni) 16.3
plansiiiwuaouti :
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molugaun mmmnmmaaaam:mm‘mﬂﬂmmmg; %aa:'lamtmqnmmaanﬁ[wna’
ml.ﬂummuﬂunﬂm
mmmumnmmawﬂmmmuwwm SrommBLRIATUTURILG 40-60 % RH
o
'nqnmgu 15-30 aventsalEne uaslisnanaulnthu £ 5 % RH ( The American society for Testing
and Method. 1995 : 575-597) (Method B)
ey, B -~ Ll [] L3 - R z » J Rt L - ) z .
Qvauﬁo‘lﬂmmnﬁmnaﬂmmmua EumTAUR I fAaNTURUARELSRILEA 40-60 % RH
- - -
hgmnpd 15-30 pImmsa uaslimanaudniu £ 5% RH
4.1 4353w ASTM (The American Society for Testing and Materials) E337
mnmumnﬂnmwnnurmmwmmwmmu ASTM FfiTmtiaussufiivne Jagawmnil
anTzhzidlen anmnumnrumua-uﬂﬂummﬁﬂnmmﬂmmauﬁ'nmin'tnauavtmuum
o
Sl
- <l & - - = -
4.1.1 33m A sanTnedurstmaras i mmUNTTRgnmnlinEihs
- [V -~ y - 4 - v w al
Bandag (uhenveameuiimeflenm 2 wif) mumm"[numa"r’ammnnmuuummmme
ldnngnmpiinmithzuns mvuelinfienaals 0.2 aemwamumsaam’um IR
amﬂnuﬂmuaﬂﬂwmd@ﬂumu +0.2 pImwRdnERIERINNINEL UREATAEWIIYINS
umnawma'imnu +3%RH mmumaﬂuunwmmmsmmmmﬂrmm 2% RH wa'm
snnmithsudy demufesmmusibitkuew £ 0.2 mmwawuamaanﬂun:mqmuqum
- EA v - - . B
A uBENRISNIRNRYNIULTSINT £ 0.1 IFTRITUN WIBRMTITUN
- -l a oL - - - - w ola - o
412 33mon B AntesdolivimussTanmudandiauiauszlundy vnmms
¥ -y » -~ Uz - - 3 - »
umsunesTutinafenldrnuiiten iusnruhzilonuasnrziuhzuds snuneflulimeidn
o - w d a & -~ -~ .
anufimengomgiinmithzudsdsRewaenonan T 0.6 BIMIARTLN USzRIROLM
. - -~ L e
demnme + 0.3 sssnwmd@nanieanndmivanuiuming & 5 % RH
- o - o ol sl o o - ol sl aee >
413 MM Peasoui wanpsruinlndiusTasinsuasin idTunaen
A ddW sar woa I 4 o ot - a o - o x o . .
wiafRlewnd v lwiiflemeinadon mmedouns  ndlondsslinnutuuazinimanay
. -l - . [ . ”i . ~ - 7
IruanisufsGuinmsenIninanumeaisInslonaummiiraa  IReRaRNANIMIINAY
- ~ - A A . - - ad - - - A -Aw v
LR naen Waissaaoilenmmiaussnmsuenisisile 1IKLEN quazurnsziiesn i lals
marTuin an Ui mn'l'nmnﬂunrtm-tﬂuniuﬂmumnuumﬂm-muuammaﬂ-—ﬁﬂh
Basmuduuazantinldnvnemuszeenmihzuisdasnamussmaiiol Wik p T L1
- -~ A - -
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lolnsfine? wmcAuonesvaassmunedlufinefeiemauasszsinizimsdmnzuhaion
fion HFNAANIIALTNG 0.15 BImITRIBuARRSINMNEN AT ERFIRRSTIMAuianaa
dwziim 1 % RH  vasAdusmarsietilvismosudsiuimeslulinefuszlineslufines
Judatudwinseulaona imiumssuunindsetslumiufsufsuszezamiumivmsia
Taun'mhuqf‘aﬁa:'lﬁnaﬁmuquﬁ"mnm?aﬁ‘lé‘ltﬂun:ﬁmdwf;ﬂLﬂamﬂuuﬂuauua:'lﬁ'nnﬁﬁqn
daliennin 0.2 esrnzaiBus uscisarufiawsalitiu £3 % RH nialiinnndy 0.1 sam
ISR FMTUATIUHANAN 2 % RH mﬁ’ai‘m;‘imu'lﬁmmn'iamhuh 'lﬁ'ﬁ'm’nu‘mn-nd'mﬁga
gReUlen 2 Teu mumasidAnmistumsialsrssidmsuldoumsinesiidmsdm
Liswysel mInrvseumsem Wemlimisudamuifipanndaneiioeereahmssuds
3 n¥s rhag‘\wm:ﬂun'iemwzﬁmdﬂwﬁ:mmuqﬂ‘?@;ﬁaﬂmugnﬁm ﬁ'lm_i'luﬁau'lwﬁﬁ'mw
A6 2 TBU r‘hﬁﬂﬁﬁum:tﬂﬂ:ﬂunuﬁomiﬁ'ﬂﬁ’t‘{lnnéﬁ tﬂatﬂuﬁ'ﬁ'?aqmaqﬁmz:ﬂnztﬂun

aw 4 d |
5. A IVENINYIUBY

smIemeintszina

Fedu EREmwIgy (2543 @ unsnde) Tevnmaisudesmianranuintyldusimaiy
mefludidnnininlsdmivrmundusindunssnunsniing - Inovhmsesnuvuuasaiidusindu
wefludidneInuuuswieanug 10 dns Winefludilinninlunaiu TECT - 12704 $wm 1 Tugs
muquam'::'lummaaauﬁ'qm“qﬁﬁmmaau 25 samuaiBios uszonmniisudoureanafly
Bidnainluna 30 ssmwnidue fummmnosuieusinin  HammessufsmIomS Ik
nizuanRNUTuiIndumanTaasaunniinn 25 ewnmonsoe il 4 swruoaiBoa  15om
2 H2lx9 30 wift nannn%umulué’mn 60 % RH mngﬁ 44.5 %RH fismslsidiwihiein 505
Sod  uszeenuuITMIRTTLUHARIWIhSuITRSuRITing? LOEP 10 % fwuinusns 334.91 Wp
UATUWINLLNMNGS 500.18 Ah uan‘mmaaué’u-ﬁn%uﬁuwvhuii%é'a‘lvlﬂwmm:uunﬁn‘lﬂ%
waiumenting msnmnasguwpliomampludusen 25 ssrnomdoe A 4 perraBos
1519 2 $2las 40 waf aﬂnﬂué‘muhﬁmn 46.5 %RH magﬁ 33 %RH 019 34 %RH sy
Fffoanasu 1108.95 Wivday Amidn 81.4 % woamss Idldrugsan  Flwszuuduiindu
mefludiinviniuurummninsngngiiwagluszaulfiduinerindu (0 - 8 ssmsnidos) 16

wWuwad ST (2538 : undntin) TEhmsiduiies mifinmnansnemsliwdsnuses
vj’tﬁuua:ummmsﬂ%’uﬂ'gatﬁaﬂmﬁ'awé’onuwu'i'\ mt'li‘wé'onwnmv“ﬁﬁwztﬁﬁmﬁaﬁmum~:
ey ua:ms:vhn-nutﬁmzxﬁamnnﬂui'nmﬁ'ﬂtjniamn'lu 59 % suieunnine
A 39 % unzanuiouwninmuillayzediin 2 % mtﬂ%’uﬂs.a'[ﬂuLﬁ‘unﬂuuuwmamuﬁ'uﬂﬂu
Foumin 3.5 wndiwnnilu 6 Loufins misemslsinies 25 %

tmists Slrouin (2536 : undntin) THhmsisudssmsnBoufivuhzimEmwmtho
AN IRTINAT LTINS IR TASNIRLNS 2 Sz wuuTnuRTMNTaRfITMA TN
ATTUBNAVIBLIAUNIZYBNAVUDY O BIFNWLT msasmsTurintuwsiuismemsnsusime
ﬁﬂ:n:r'i’uﬁ":m"‘meuuﬂqmaqﬁi'lﬁ':m‘?muuﬁua:pmﬁm:i‘:qmnqﬁﬁ"m'h'lwnmznnuﬁ'nammﬁu
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o ) a A ' ¥ ,
ininspudizimBmwinnrinuaznyrslFununi
aTim Guina (2539 : UNARLS) 1amn'mwnmmwamnummﬂma'\nﬂmmnauwmua.
MINUTNENLN nuwuaﬂmanannum'luammhummmﬁ 60 % CO, + 40N, ua-myrmmﬁ-n

aanpiigifiu (4 — 6 °C) Hegmmhuumni 99 ™ ua-mu'luamwmmmmlnmumnmsmu
Fnwmunda 63 munmmﬂnu-mmluamwﬂmuﬂmmmmamty‘lmﬂnamnnuﬁm Fafu
1A 28 mum‘smmnm'luamwuﬂmmﬁﬂnwnanmmmmmu"Lamm 47

TN MUMMLEU (2542 1 LMARLi) ThmBsutesmAemsmeiheenamain
mn'lwnmﬂmmmmuummmn'luwun maaaa::mnunmmmaaaoxaunmumu'luﬂmﬁ"ﬁ
uuudand 3 waunﬂmwmaaaa TeRNNRBLLLABIT 2 , 4 u.a- 1 TNAZAU mnmmmn
mMIzaraunuULRes 2 dhuwufifinamesmmiueme Yihidasaneinenuiuenan
Linatuniwientiueme  ssnvnenutuminsoiudanmoluieslasdmsesmany
mmﬂu‘inm]rmﬁmﬁ'\ sanluurunaned 1 uas 4 srudwmoluiasesanas s mieay
ﬂﬂmmﬂmU'lmaaamm'lﬂmmuuanmo

FMEANTTNARBIN 2 sMnNL mlmme'\umuﬂamwmwawmmeﬂmmmﬁ
wuudiansfl 1 umlmaanmnnnaa URSRULENRRIN 4 , 2 UAS 3 MURZeY

Jean i (2544 © undatie) '1avhm-naunacmm'wﬂnamﬁnuua-ﬂhumu
WulvSeunmadn Tagdtvinabdiniumuen mmwmﬂummulukawaunhma'l%am“nu
safna  nnmasmuissaniiiu 2 @mAe mIEPeusmmeassusuTIMIuMIMUUATIMATLST
anutumeiulzsGou nam-maaamﬂamuquqmﬂqﬁmnquﬂﬁwumﬂsﬁwhﬁu 20 DITTNTRLTHH
uar 27 prmEaLR wurh Iwndin fimerrneemameluliadeusess 3 - 6 asmiwRTLR
ez 8 — 11 pemismBos ﬁw’:’umﬂﬁﬁmmmummﬂqmngmﬂnﬁauaﬂmmn 53.5 DM
RS nmnanAnY 27.5 siimaEes  TepfinaduiiiAae 13 % WednnmaTsnueime
1125 m’ls uam‘mﬁumﬁunrm‘é‘\aaomaaﬁauanﬂmﬂaamuiﬂﬁnﬂnmmhwmmnnmnﬁ
A 2% URY farI 3 % mmm'lmmumﬂ-mﬂmﬂuﬂuanLﬂmn'n'rmmm‘mmunuamnnu
uﬂ-mﬁum‘la ua_mm-mmmumam\nmm-nﬂmmmmumamvmamwmanm‘lmaumu

INWidnnswendszina

£ (Goldsmid , H J. 1986 : 199 ; citing Bean. 1962 : Industrial Electron : 132) 1§¥hns
ﬁnmﬁ‘memsﬁﬂ'[uqa‘lﬂﬁqwé'anﬂu%’nuuuu 12 ¢ lsvneauiuluguimemsusnd (Medical Cold
Box) Teul¥mrusivit 9 uamSiussdulvih 1.8 Taart Fuiivnemadudifines 230 X 100
mm . Tﬂuﬁﬂmmﬁuﬁqmugﬁ 4 °c '-nnqm“gﬁﬂnﬁ'ﬁ 27 °c wuh  sampinzassaiiuwdmunn
(90%) Waambmanm 80 wint wivenillasind TavlEndosfusiiivirmneamuion

Ualan® (Malcovati. 1997 : Unfiatin) Tevnnmfnsidssnrmisulsginaiameivlnih
wasanuioulugunsti@uea (Complementary Metal — Oxide Semiconductor) TariSpeanuuuiaes
wazﬂuaaolunﬂnmaaumﬂﬂﬁ'mmmmw Tnuaonﬂmtﬁnuwnmnu 3 wuufe gunInl
aTINVBUNILIA qﬂmmmﬂawmaﬂvlﬂﬂm:umu viaauUasrneauiew  (Thermal
Converter) ua:qﬂmtﬁm‘ai'nmﬁnu (Muttisensor for Heating) mMITmnsamaLesUTuemMe
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(RHVAC) hsasmaldwannmisnudyanouuudnin - wad  fygimeisentidudlisaawuudasin
o - & . P . = ) A e .
15 nwlents 3 U Tam1asuun 0.28/sp/circ$C , AMUTUTURANS 1 % uss 0.01 m/s ANEIEL

mnmiﬁnmwnmsua:omﬁa‘fnﬁmﬁu’:ﬁamﬁa-.hwui’]wffaga‘lun'rsaanu.umm:a%"nﬁn'mqu
aryauaulEsansloing Tavlednmdmanmniasdussinnuiu qmauﬁmaamw%u
mMufanNR m-sn'mqua‘tum_}ﬁua:ﬂ'rm'fu msasuazmsRuaatumluiamaaa unsal
myYasnuu qﬂnmfn'rmi"mm'm%u ﬁﬂlﬁnﬂuﬁqqmauﬁmmmm%u viu lolanwaineiin
\Bunast) AaIURNANS gunpiinsziunuazgmngiinszihsui FEmsiamanutu nsaauas
MIANANT qﬂmrﬁﬁtﬂuﬁmﬁmﬂwﬁ’mﬁu ssupmanuduuazlivenia  aaweused
aauwsamgey dunddamaa’ seviamnudu Urslomimablildeu mldnnuuwde 55msua:
Taunwinaeneg ua:ﬂ'lmﬂ%'uﬂgaﬁmmaanunn§n1nquﬂ1'1u’fuuuu'l‘i'é'anﬂhﬁna'
tﬁaln"ﬁﬂs:%n‘ﬁmwmuqum'm%u'lﬁ’ 4060 % RH 71 15-30 perniaaidng HAnanunasn
wyssuwE 5 %RH



unn 3
Y- =y [ L2
S5a1tnn1sdnBIAKAIN

- ) e kL J e r-3
nsAnwdiiiummaass mssenuuukazmsaingriwauauuuulisanalaing
- z ; LY - - r-9 o L - el 1 J
m1RuaRigIipesdiiumidoamasiatacdalii
o ~ & o o

1. @nmdayanugmnlitunisidy
- B J ot B -
mmmua:aanuuug}mnqunﬂu-nuuuu'l-naanﬁhuné
difnirigassaasuugaiuaunumulddanmiesing
- - o e w & e -
AMUATSEZIIAN A0TUN n'h:tmanguQuﬂ'nu-nmmu'l'ﬁaanﬂ'[‘mnﬁ

L L J Lo rF-9

mmﬂacﬂmuqum‘mmunulﬁaaﬂﬂhunsf

e o s ww

> - L 3 J B B o)
11mﬁauﬂ'::a’nﬁmw'uaog]muq:Jm'm'nuuuul'ﬁaaﬂﬂtlnunf'f

~

MR aya

- [ 4 -~ o - war
masadsuduruaenlumsdniiunidideladai

[ L4 & ] -
anwdaysdugmilitun1sid

v

L) o J L -
furnuszeenuuudmuauamuuuyylidanmlaing w

§3urmrymsoasuLLL

w W & - -
msaingrvaunusuuulisanmlafing

. v

P - A& o -
difimryeresauuazud lowpugruauaruswuulidannlaing |4

v

-~ - - J ot -
YIG]ﬂﬂ]Jﬂ?:fﬂ’l‘b‘ﬂ'lﬂiladﬂﬂ‘JUF;lMﬂ‘NI.I‘ﬂ'I-lLLlJ u'l'naanﬂhunﬁ

nagay
s
' A e o o a P -

FNTUBUTUANS 40-60 % RH NN 15-30 DIANTOLTLI Yiurpsunily
fnruudnliw + 5% RH

v

. » 2 L hd : o i,
mﬁmaﬂuamﬂmms‘;muqum'm-nuuuu'l.'uaan-rﬂqmna'

[ v - - e
nwlsznau 32 uﬁﬂwuwau'lun'wm LUWUNI7I38



68

[ Py o ~
1. Anmdoyahng i 13 wn1333
a - ' - - - & - -
NMTAN¥ITIBAZIBDAANY qn‘lﬂum‘mwmgmnqum'm'nuuuu'l'naam'ﬂ-nuna
Y ~ . o - - - .
1.1 Anwduath drruasnunasasmieINUNITBENLUY MTFFIMRERAM dnIunu
- 4
paMDIiLazAINTU
oy 1 1} ko z A L2 L.
1.2 ﬁnmgmﬁunmaamuﬂsznauma 9 'uaoqmuqummwmwaamﬂaqua:qﬂnmf
P — o ~  om - ry o a € 4
ﬂmm:aumﬁ::nauL‘Jnmunmﬂugmuqun‘nu'nmmul'uaanﬂf'nunmwaﬂﬂﬂaumﬂhq'\u

2. ﬁ'mamuazaammum:mua‘uﬂmuﬁmmu‘lﬂ'ﬁanﬂfﬁﬁné
2.1 MITH WMWK UINTRITET
2.1.1 mahamuninilslivasptuurssmalalon
2.1.2 pauwmTaTaTuLLEa LA (Hermetic) R-134 A 220 Taart 1 1| 1450 sau
#ourh (RP.M.)
2.1.3 msznennutoulumssaamauastsznayudan
AudauduNE ( sensible heat process-heating or coling)
§07 Q=m’, (hgh o)
mimuqum'm%uﬁuﬁnﬁ 40 % RH qmuqﬁﬁ 30 aImnTalTLe dmunun"ﬁ‘l-ﬂml.um?n‘lﬁﬁaﬂ
LaUMNaLN1E B98N (hg ) = 58 kdkg Dry Air (71 T, = 30 03ALTSTLR, 40 % RH)
qquﬁqmiﬂﬁ'ﬂwaommﬂ'lum-samqmuqﬁ i Tu = 30 panamidng, 40 % RH wWeiidud 15 aam
\TaBuR DAnaumalidtinnzuatanme (h,) =42.2 kiikg Dry Air
UNUAN Qs = 0.0859 kg/s x (58-42.2) kJ/kg
= 1.357 kJ/s,KW.
Anusounes (latent heat process)
g7 QU =m, (hch o)
n11n1uqumm%ué’uﬁ'nf 60 % RH qmﬂqﬁﬁ 30 asrngadua a"muuuqﬁ'l-n‘[mn.um’in‘lﬁﬁn‘{
LaUMETHWE T8 A (he ) = 72 kdikg Dry Air (7l T, = 30 2R LTaLSUR, 60 % RH)
qmnqﬁqm{'\ﬁﬁamﬂamn‘m'lumsamqquﬁ ATy, = 30 asmurmifoa, 60 % RH fidnaunmall
FWzUIa N (h,) =58 kJkg Dry Air
unuen  Q, = 0.0859 kg/s x (72-58) kJ/kg
= 1.2026 kJ/s kW,
ATIUTEWTIN ( total heat process) QT = Qs+QL
= 1.357 kJ/s+1.2026 kJis
= 2.56 kW.
Armouranainiy 2.56 kW, Wnoumsarsas 1/8 wsatih 220 Tavi 1 e
2.2 MIAUBUATDIASUIAWTES
Aauawaas = AEINTITaINENTNaEY (kW) + fdsRlRTLuamat (kw)
AMUEINTOYDINDNNIRLITDT = 1.45 kW.
fdsnirLusee? = 0.66 kW.
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UNUAT =211 kW.
Fnmanuiaufidasmsiomlsnnn (Quona) = 2.11 kKW.
2.3 MIiMwImumswavasdutuaisieas
AuIITnTRIneWSREa I Eantd = 1450 Tadf
ANENIN298M L BT A Tid 8N T IF I (Qeysp) = 1450 06t
FussimFmsaneinanuiousau (U) = 39.89 Wim’ sesaasidus
qmuqﬁmaommmhmi‘fémﬂﬂamma'ﬂﬂuﬂﬁmm (Te) = 30 asmnwaldog
qmv\qﬁmaommﬂﬁaanmnﬁmﬂﬂaumm’ﬁﬁmmv (TL) =15 pemnaaifiue (A DB = 30 amn
WTALTOR, 40 % RH)
gunnfuasamhanadulurie (Tr) = +12 ssmBoaidos Minnrwawnsnvasnamwiagaf laod
Fhmﬂ'ﬁ'-nws:wha 0-+12 ﬂ@mL'ﬁﬂl‘iUﬂ'
f.-1)-0. -7.)
in{r, —7.)

., -7.)

_(30—12)—(15—12)
B in(30—12)

(15—12)

qaT TD =
LY

TD = 8.37 sy asiBos
unud1 Qevap = AU.TD
A= QU.TD
1450

39.88x 8.13"1
A = 4.34 m2 (Rufifidasmalinatnaion)

24 mséammuwmmmﬁm‘uﬂumnuﬂuuuu'l‘i’é'ﬂwﬂi'nﬁnﬁ
fwuazuewesg Wdiinuna ndaxBnxgs npuen 730x460x535 Hafiuas mulw

TUNN447x316x455 Taa 60 G wia 2.27 Ariinwa vidudinsfadasud wud 1.5 Jaliat Wy
%u;qﬂ

25 m-sﬁ'm-:mmmwmwamu‘:uﬁum‘m*?awaonguqumm%uuuu'l'ﬁ'a"anﬂ'[-nﬁné

nmsdanaun dwwsiulout Awualégunpiinsiu 4 sseados annpliaamasav
25 pIFITATLE ANTUFWUE 60 % RH InTurTeR €205

AMENITVDIRUM TINGA Uszney uszdans sumuanuiFiaamelsalasdmenn
mIiag ftumiursnszowarvideonin 25 Semmidhudandsliiu 50 Snsnszaneedulidiu
50 Hfntzimfusafoamusasoimrdszanm 0021 smwihanuiautasawni 10°C Ysaanm
0.0346 WimK 'l'ﬁ'lﬂui'aqgwﬁ'mﬁm'lﬁ' (A72MT NNINENTIY. 2537 : 196-197)
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poanpliuTisimenTzuhzuds 25 °C AMVIUIURUT 60 % RH 30¥e9 = 14°C (3nunu
- & ad a
mwtslasuain) Wamwniiiuis = 14°c
) -, - v -l 4
NIWHIIE g BnTanzuks N125°C =0 T
= 567 x 10° (25 + 273.15 )" = 448 Wim’
i ol ond a 2
MITUHTIF oL aoanniiiuin 14 °¢ = 385 Wim
b - 2
nsunaFand = 448-385 = 63 Wim
P w L X a
anMIgaBuisE thdbsmmwukidiuasiubi €= 05
M3uifaRa3 = 63 x 0.5 = 31.5 Wim”
o - ad o
gunpiinazihzui-gunniiiuia = 2514 = 11 °c
- ErEey ™
21N QA = heAt anufaunldsulasmamanuiou
a P P ' [ 2 2 2
1338 he = 7.3 WURIGUE01 80.3 Wim”™ + 31.5 Wim” = 111.8 Wim
J o L L b
\ile he = 4.6 Aufidnteld 50.6 Wim” + 31.5 Wim” = 82.1 W/m’
a X a - 2 2 2
wa hc=53 wummuuu‘lﬂ 58.3W/m + 31.5W/m = 89.8 W/im
-~ - - &
prnniildm fa 0 °c daiu At=140=14 °c
FMWEUMuUaIINiau R = Avg
Fwiunsdlanuany = 14/111.8 = 0.1252x0.0346 = 0.00433
FIMTUNTIHAIUAI = 14/82.1 = 0.1705x0.0346 = 0.00590
AMIUNTHAUEN = 14/89.8 = 0.1559x0.0346 = 0.00539
aslFawulpuiafianunul 40 mm
o - x -
2.6 mmwaua:qﬂnmfﬁ'l-ﬁ‘lumsaanunuua:ma
o o - - x o -~ &
2.6.4 msaouaﬂI-ﬁ'lum‘saﬂoqmuqummwuuu'l-naanﬂl-nuna
" o [ ~ & -
2.6.1.1 1AT290T192937 IR a LT AL Taa R IR MIN TZUAATILAZ NTEURASL
(DC/AC) AMUFUNIU 283197 W
- [ F Ei oA e, A & a X .~ x
2.6.1.2 wiavianmudpuilunTasnliiamanusuniesumolugauguanuin
o owe " - | - - ey >
2.6.1.3 dnaariavIsnmeoniduwnTosdiodmiudaalustuienhoiszuie
anuiou
. o e T ™ P . a PLr R v ' -
2.6.1.4 SuwasltUsuedsnunittinyie nasnnnlaaaviallud? thnaliGeu
i -l -~ - -~ . - y -~ ~ -
naunzih WlFnudsnifuudstumhnalwiFoudsTuues
A ] [] - ‘ ) J L [] -
2.6.1.5 ipsdlatuunaivio (wiaTastianlsunuunaivianesuasdiznausan
-y A - N } 4 . - - - [ Y
drduvianaias Jlzrwiedn g awud 1/4-5/8 i ugeduvsWiiulavnaanwIaturinuunad
Lo " - ’ J [ 4 L z z -t - z L » J -
frtunTaaaniiauuedafaunsoimsuiuunaTlaninudsanIaaassuudndunani s
o ' A W a o - P Y
2.6.1.6 wanTNaYia Wadaimtdariarwialduinuaumaiaudszaiinuaima

- Y - - [ o - , owe adW W W Y e ~ -+
Maztatandanuun ardasvnssmmladumioWlananvshithnrasunlildvimplat U dwad
A E X -~ “- - '
Filuntatinzdadlfinanvonurie
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26.1.7 wisifladaria iNaldmidaradnllaufidasmslaglitianaundown
wrivia axdasiiniasfiadaria Lﬁaﬁ’lumsé'ﬂﬁan‘nn?o m’%‘aaﬂaﬁmﬁaﬁmmmazgﬂhwﬁa AU Uaz
munsoaavialwag luzuazyuseasng giudndas

26.1.8 lvmmeraun 1’&'&1“%'uﬁ'uua:m’maaui‘lgﬂ'lﬂqﬂuﬁo'lus:umws'lwﬂ'\
mfuﬂm:uﬂ'lﬂﬁﬂnmhuagn?a‘w linmufiduamofsiiausnfunnusziassYaliuniu
Turo ideu

26.1.9 lannm dhwwuimaninuaouhnldlaslddadmaoniu

2.6.1.10 fau hwedasfiatrens g Wldawiue angnsolengg

2.6.1.11 hulnin Lﬂbm"irmﬁa'lﬂﬁﬂﬁliimanﬂ‘i'\wmmvi'n QaIzm
\oBansadsznaudiueans 9 ﬁauangﬁ'uuaﬂ

2.6.1.12 gamansim dHiueamozlanzilfircnulanzdieg Saflvvwauandranu
Humnfenldruianuszaanlumaienldvwnaieldazaniunnan:

2.6.1.13 laeuman Juindpedanldanlanzen gmuiidams

2.6.1.14 gaasly Lﬂmﬂ%mﬁaﬁlimnudo'[an:lﬂﬁ'gﬂﬁemuﬁ'ﬁ'eoms

2.6.1.15 fnen hwadaedaRldmmiusamoinih

2.6.1.16 fmhnasen Wweiesdefilfuiviuiiithnsnmansofuniadueu
Widn quau giivanuusuaznunay

2.6.1.17 At 1dhunavdawriuaiasliBadaiuuin

2.6.1.18 vausaians M wiudeudemaIniiluraaslwiene g

262 i’aqﬁlﬂumsﬁmmej’muQunﬂu-‘r}uuuul-ﬁé'anﬂ'[-uﬁnﬁ'

2.6.2.1 eziaand

2,6.2.2 WHWUTW (Printed Circuit Borad)

2623 muln

2.6.2.4 muwumnuw

2.6.2.5 dmlsznausng ‘]'lum'sﬂ'::nauu:iuﬂ‘;ur&um'lﬁ wriuWAaRNTB LU
flaanunisaa (Short Circuit) Yigws wiarkan

2626 u.;iuwmaﬁnl-ﬁ'mﬂi‘uﬁﬂo?aqﬂmrﬁmuqumw%uuﬂ:qnmqﬁ e naaa W
S 8InE

2627 viaﬁwlﬁw%‘ulﬁqu‘lmmuaam:uanmuqugnaau

2.6.2.8 vis PCV 1wiadiigudnay 2 2 v 7 i Iiﬁﬂn%’umuqmzé'mfﬂ
ﬁ'lﬁﬁ':é’ﬂnﬂ'[mﬁnﬁua:mvéau-i‘éTﬂunuﬂ'rmi'auu'ngo-uu'm 15 fia

2.6.3 qunmf’?'l'l.'i‘lumsﬁmmgl:'muqum'm%uuuu'l'i'ﬁ'aﬂﬂhﬁnﬁ

2.6.3.1 nauwTEITaTULUIBaTIUAN(Hermetic) INANLY YuNa 1/8 usssi 1053m6
15usadiu 220 TamT a7l 50 Hz 1450 TausauH (R.P.M)

2.6.3.2 ADULAWLTET ULL Wire Type

2.6.3.3 dunonae? uuL Fin & Tube Type

2.6.3.4 MahAMaBuAls R134 A
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2.6.3.5 WARNTELILEINTIA UG 120x120x26 mm.NMTSTUNLAN 93 gnmﬂﬁv!mia
Fuf VisznaugauinTsuwauisu Lﬁa'ﬂmgmﬂ'nu'?aumu'lunguqumm%u

26.3.6 'qmﬁ'atﬁudwmﬂmﬂuq 3.7 83 Mawaadn 1usznaviuleduesdiie
muqmzﬁ'mfﬂnmiﬁmumﬁ'oé'ﬂnﬂ'[mﬁnétﬁamm'mi'ﬂom'm%umu'lum;'m‘mqumm"gu

2,637 Waaunszrommumeludaiuauainutu pin 120x120x26 mm.
1% 1500 saudeuIf wisdu 220 Tart Samnimnssauarain 93 anuwanvasaiuIf 15500
mu'l.ug?muqumm%u

2.6.3.8 Tofuauds 1Fusedusun 220 laar! 50 Hz 5 mA ﬁ'mﬁ'x?imuqm:ﬁ'u
Jn'luuﬁmf'\mumil'a'qnEamﬂmﬁnﬁLﬂ'ﬂgﬁmuqumw-ﬁu

2,6.3.9 gaunasirwinihnszuaasy 24 Taavl 30 uasudf wouEintFaimianse
n‘s:ua‘lﬂﬂﬂﬁ'ﬁnqﬂﬁ'\tﬁam'm%uuuué'anﬁ'[mﬁné'

2.6.3.10 dfea g 1dussduruia 220 Tan sllagnasuuuvdiesiniuite OLH3
LUUgNADY AB-9449 ﬁ'mﬁ'lﬁmuqmm:é‘an17ﬁ1awumaolm§uauﬂumsﬂ':iaud'\mnuﬁaxfﬁ

2.6.3.11 G'f':umuqnqnm.qﬁuﬂ:nﬂu-ﬁuuuué'uﬁwnmﬂauné’u(PlD CONTROL)
15usadu 220 Taan 4~20 mA 2 1 ﬁ‘m»‘hﬁmuaumqmwgﬁua:mw%umu'lug"muqumw%u
Tannsufumsussiusyytendau asd ARk ndy o usswms "
Arnnuiiu !

2.6.3.12 dndwaefnnadu 1 79 2 OUTPUT 15dtyqm 4~20mA v
a’aﬁ'ry:y'lmfhqmnqﬁna:m*m%umu'luq?muqun’nu%um:Tao‘ﬁuﬂmﬁ'tgnpmtﬁazhuﬁ'lqmnqﬁua:
ATNTN THA NTIUN ﬁmﬁ’i'ﬂqmnqﬁ'lﬁ 0-100 ° C uszSaanudnld 0-100 % RH ,

2.6.3.13 gRN:MAROUR YUIA 535x460x730 mm.MoluIUIn 455x316x447 mm.i)
a7 60 §a lasldanaunuszwinmouaniuniolusila Cyclopentane Jamunuiuasaniu 40
mm.

2.6.3.14 Mmuquannniitnailuandn) Museaulvih 220 Traert sliemirdusds
ﬁmmﬁﬁmmquqmnn‘.ﬁmuﬁmuqumw%u

2.6.3.15 qmaﬁomm%ué’anﬂhﬁnﬁ' ViuseduiWinszuasdv 24 Tasnt vuna
ATaD1.2 MHz fiunwtu 70% dafud 4 gnmﬁﬁmm MODEL NO.AA-2024 20 W &anInNGa
m’m%u'lﬁgeqﬂ 100 Hsddasala ﬁwﬁwﬁai‘mn'ﬂu%mahajnwu'lu@'muqumm%ﬂmumﬁn
wanmIaaun et bihuandnduszaaslanionnutu

2.6.3.16 maeiiiaurs awa 200 W 2 uris ldlumsmuguanimpiimelu
nguqumw%u'lﬁqquﬁmﬁ

2.6.3.17 waaaIWurasfygrmnsiuvssadnsoludaz @ 3w nouwsmaad
aanTiloing Tnnad laduandnd vune 220 Taed $1u9u 4 waoa

2.6.3.18 lodmamnad 19vua 24~240 Taar! Bwa OMRON G3NA-210B 10 uauil
lilunmvgunmsiinusesanaed

2.6.3.19 #Ing wu1a 220 Tl 10 wauidl 1 dlFEwmIumugumna-Davesszuy
'I.Nﬁﬂ'luq:fﬂ'mqun'nu%u
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2.6.3.20 ®1& ue 220 1an 10 uwoutl 'l'Ezi'm%’umuqmzuu‘lﬂﬂwaag}'muqu
x ™ - o a - . o O e &
anumuiuulEeanmlaintnianinsug Wi st ivauintAn s s v ni g a1 snanue

b
3. fizeisardsuuuudarvaranatiwuylydansiladind

- > o - - Y - o -
WRINNDONUDUTHINDDIG 'mqua:qﬂnsni'tmmauumﬁﬂhﬂm‘fmmmmmﬁaaamwam
ﬁaunws‘aouaz'ﬁ'aLﬁuauu:'lumiﬂ%'uﬂ;aurﬂu (MaRwIn )

4. fwnaszaziaat anwi Rldahedaisaaanadweunlddansilnind

Tumsanwisuatail 1 uvidn 4. A.insled $1ia waed 17/148 ouudszndn BEEAEER
Wad Luandnd NIMAWUNIUAT 10210 Hisoufimsdnemasas szozasdldlumaiimmesas
ARINN 2546 - LUHIBU 2547

L ¥) L V) - s
5. m“sﬂ‘a"m(glla‘mQun‘nu%uuuu‘l'ﬁaanﬂfﬁﬁnﬁ'
- - X [ - a "~ - X [
msaingnuguamuruuulifanmlsfinfifeamsinmduainsoldudiumsaionas
[T S ' - x - oW [ -e w e
MFodmlznaundn g sasgauauamaunUnaudidniulasldeurudeit
" J b ] ﬂl [ 3 » k4
5.1 900 S8 aunTnimwildeanuuussdnalinauuy (marsan 1)
- ~ . - &
5.2 ﬂs:nauqﬂnmf ranauwImad nawauged Bunhomaed duduweaiannuiu
o - ) ' oy L) > - L - e J " [
sflasing gadanmlodiing wishh lefuasdind MIAUANIUADIT MINTLANANTUULLTAEIY
.~ - r 4 - o L o « £ a8
andounau TAWARUNTETWATINIU LTNUGAILANANMNTU SniaeT Wad #ind Da-1lla waan
™ - Ld
syauaain i oolni lsfaemsiad
d 1] A -y L) *
5.3 L'uamlafnumﬂmow‘lﬂﬂwmgmuqnmwmu
L 1 L » d Wt
54 mmaamfﬁ'mwaogmuf}ummmum'uaunwmmwaﬂmﬂ;ourﬂm

= Y - p
6. nagaulizdndnmeasgaivananaduusulzdannlsindarauiasgmn
ASTM E337 (Method B)
b W e > F 4 L - r! - -
winnfldeingnuguanuuuulddannlsfindunuda immesauuszuniy
o 0 -~ J s St -
Taunwiammimwasgruauareswuulsdanmlafing (maruan a)
\ F R - F [ . - o
6.1 MaauudiniEINIoUfuseuEwldamd 40-60 % RH figtwnil 1530 asmn
- . A A e wd w & " -
waidor dmnuTuduininanuulilem £5 % RH laogdauguaraiuuuul d8ansloing
o - . » A » ] - -l - -
hgniadasedluniy usrlignnplimovenwisuuadldlitin £ 0.3 asroados

- - i3 1) et x » J » J -~
6.2 Urzimimwuassamuulnmueniiuasdemusumotugmuaunusuiouls
danmleindlasnimasay

L") - - > J " -
6.3 mmuﬁnuammmaanﬂs:ammmaogmuqumw-uur.l.uu'l-naanﬂT‘nunﬁ
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7. M7ATILTDYA

7.1 mﬁmﬂ:ﬁﬁm&maaﬂ's:ﬁw‘ﬁmwmaaﬁndnqum'\u%mmuﬁé’anﬂhﬁnﬁaﬁmﬁ:vf
mm:e‘fumm%uﬁuﬁnﬁ (% RH) ﬁﬂi’usfemulug‘fmuqum‘m%u[mmﬂ%‘umﬁuuﬁ‘ummgﬂu ASTM
{American Society for Testing And Materials) E 337 (Method B)

7.2 myiwmnzidayaduuminzsnludunsismulasiuuulsaduesinduiiumg
"‘Jmﬂ:ﬁmwmm:awaoqﬂnmfmuqum’m%m‘hu’:‘ﬁmoaﬁﬁé’ai{

7.2.1 anufainzosizrarngludma iz sudumsidng

mnﬁqm 5 fAzuuu
N 4 fATuuUU
Yhunana 3 AXUUN
Woe 2 AZUUU
ﬁauﬁqﬂ 1 AsUUn

7.22 Wnzunudlddnon
7.22.1 widnadtiaundie
7222 mﬁne’nutﬁmmuu‘m‘spu
723 ﬁ'mumnmm"&un’rsuﬂaﬂ‘nwmuﬁaz“m-‘Fi'ld‘mﬂuei';ma‘uvho g dsialyil

-~ L s d .
T 10 inmilunsulanramanudeyad diliudnadusine g

ATUNMARLTIWIN wlananu
451500 Hanmlsziivatluszdaudiann
3514.50 uamIUsziinafiussdud
2.51-350 HanmUsuliuegtuszaudinely
1.51-2.50 namalszlinagluszdudan)iint
1.00-1.50 ramTlsziiuedinszdulalale

e - o o - g -~
ad@nlflunmessuruyigtuionidszinEnmwnuguaaBuussaumansaudums
g ol
lFruandidsng fe

) A ™ o d
1. fuadoldgas (§u uss St aLA.2538 : 73)

T x

n
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wa X o AR
- X x
2 x D HATINVDINUTUTINNG
a t 4
n fla uuaRINNaFaL
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uUnn 4

Y ¢ @
nam‘nm-rwwuaaga

miﬁnﬁ'mum’aLsaomswmm@muqun’nu'nuuuu'l-uaanﬂ'ftnuna' giduladuiiunis
- - L A - - '
ﬁnv'mua:taucﬂmsmuquqmuquua:m‘m-mnuag'luﬂaquu uasTIuTIdBYe aunsold1ag
- - & o “ - P -
ﬁwumaqqﬂmnf iIpanliiumaty AnuarzpzmBldlunsai e nesey uasutly
ar - - X s - -y - £
Yiudpmehouasdavquanumswuuldsanmloing ATITIAMZMUATUZAIIVTU NaFay
w“ e . o < ~ a - [ . . .
Javiedailay 1 Pl URILUUNNHAMMULUNUNIAITIN ASTM (American Scciety of Testing And
W v - - - . x
Materials) E 337 (Method B)ua:mmmmHammmaam‘lmnmnun'nmmqmnquua:n'rm-uu
~ F g s - o - [T 4
muluglzmuqumw-muuul-naanﬂhunﬁ ua:ﬂwamqmﬁzﬁwaga'lmmu

1. nan'ﬁﬁ'uﬁnfi'lqmw{}ﬁm:lﬂ"mﬂunua:m:tﬂ‘l:uﬁ'oﬁ 15 °C @ 40% RH,
15 °C @ 50 % RH ,15 °C @ 60 % RH,256 °C @ 40 % RH,25°C @ 50 % RH.,25 °C @ 60%RHuU8:
30 °C @ 40 % RH, 30 °C @ 50 % RH,30 °C @ 60 % RH mumuazduadsuaastiuasaaalalil

e " - =t L 3 J
a7 11 nammuﬁnmqnmqun‘s:tUﬂ:Lﬂunuazn‘::Lﬂ'x:umn 15 °C @ 40% RH

gounnl Td \adn ' AT
uft 1o (W) 8 3@ Td9 Twio T-Ambient (%RH)
14 e 2547 13.14 15.93 15.88 8.08 26.56 3
14 W uu 2547 13.15 16.00 15.94 8.19 26.55 32
14 WU 2547 13.16 16.11 16.04 B.26 26.45 H
14 WwHU 2547 13.17 16.20 16.15 8.37 26.40 K3
14 Lt 2547 13.18 16.28 16.27 8.49 26.44 31
14 tuwpau 2547 13.19 16.37 16.32 8.59 26.44 32
14 Lispu 2547 13.20 16.45 16.39 8.68 26.45 32
14 \Wwwpu 2547 13.21 16.52 16.53 8.76 26.50 32
14 wwwau 2547 1322 16.61 16.60 8.84 26.51 34
14 \Wsnau 2547 13.23 16.68 16.62 8.92 26.41 34
14 v 2547 13.24 16.76 16.71 8.99 26.20 34
14 W pu 2547 13.25 16.82 16.80 9.07 26.45 34
14 U 2547 13.26 16.86 16.85 9.18 28.23 34
14 wisnu 2547 13.27 16.92 16.90 9.19 26.45 34
14 tuw8U 2547 13.28 16.95 16.92 9.24 26.15 34
14 WwwUu 2547 13.29 16.97 16.96 9.27 26.50 34
14 LWEBU 2547 13.30 17.00 17.01 9.29 26.45 34
14 wEpu 2547 13.31 -17.02 16.94 9.26 26.45 34




M8 11 (da)

77

gunAll Td 1a&y _ AR

Fufl 71381 (4] 83m Tds Tw10 | T-Ambient (%RH)
14 \WBNHU 2547 13.32 17.03 16.92 9.26 26.40 34
14 WBNUU 2547 13.33 17.03 16.95 9.23 26.31

14 \BNBUU 2547 13.34 16.99 16.91 9.20 26.47 34
14 WBNUR 2547 13.35 17.00 16.93 9.23 26.54 34
14 WBEN 2547 13.36 16.98 16.86 9.13 26.60 34
14 WWWpu 2547 13.37 16.94 16.84 9.09 2647 34
14 \uWIEW 2547 13.38 16.90 16.80 9.06 26.48 34
14 \uEIEW 2547 13.39 16.87 16.74 8.8 26.28 34
14 tuwIEU 2547 13.40 16.83 16.76 8.93 26.45 33
14 Wwiwneu 2547 13.41 16.77 16.67 8.85 26.48 33
14 \wnty 2547 13.42 16.72 16.57 8.78 26.51 33
14 st 2547 1343 16.68 16.52 8.71 26.53 33
14 WBnLw 2547 13.44 16.59 16.45 8.66 26.37 31
14 Lo 2547 1345 16.51 16.35 8.60 26.64 32
14 LUWIU 2547 13.46 16.46 16.29 8.56 26.62 32
14 LWDW 2547 13.47 16.41 16.26 8.49 26.45 32
14 WIWBU 2547 13.48 16.32 16.21 8.45 26.54 32
14 (UwIEWN 2547 13.49 16.25 16.10 8.38 26.23 32
14 wB1pw 2547 13,50 16.19 16.04 8.32 26.36 32
14 LUB8U 2547 13.51 16.12 15.97 8.26 26.32 32
14 LJBU 2547 13.52 16.04 15.87 8.18 26.41 32
14 \Wwpu 2547 13.53 15.96 15.86 8.13 26.21 32
14 WU 2547 13.54 15.89 15.73 8.06 26.26 32
14 WWDU 2547 13.55 15.83 15.73 8.01 26.29 32
14 Wwwpy 2547 13.56 15.73 15.62 7.93 26.34 32
14 WE1EY 2547 13,57 15.68 15.55 7.88 26.37 32
14 WU 2547 13.58 15.62 15.52 7.81 26.39 29
14 LUBIUW 2547 13.59 15.56 15.48 7.76 26.59 29
14 \wwioM 2547 14.00 15.49 15.39 7.70 26.76 30
14 WIBDU 2547 14,01 15.44 15.30 7.64 26.74 30
14 \WWBU 2547 14.02 15.39 15.26 7.59 26.65 30
14 B 2547 14.03 15.36 15.27 7.57 26.81 29
14 WBNUU 2547 14.04 1530 15.19 7.50 26.78 29




AT 11 (99)

78

gonnil Td \adt _ FInNTU
Sudt 11987 (8) 899 749 | Twi0 | T-Ambient (%RH)
14 LIWUN 2547 14.05 15.30 15.19 7.49 26.74 29
14 L¥UU 2547 14.06 15.33 15.19 7.44 26.75 29
14 Wsuu 2547 14.07 15.34 15.20 7.47 26.80 29
14 LUNWILW 2547 14.08 15.32 15.20 7.45 2647 29
14 LUEBU 2547 14.09 15.34 15.26 7.46 26.35 29
14 v 2547 1410 15.37 15.26 7.44 26.45 29
14 Wwwpu 2547 14.11 15.40 15.35 7.51 26.22 29
14 e bW 2547 1412 15.44 15.33 7.51 26.24 29
14 wwgu 2547 14.13 15.48 15.35 1.55 26.25 29
Anaio 16.23 16.13 8.40 26.46 32
WINUIAG Td 9 wnphia qm ninszu iz
Tw10 vl amnplinzuhzdun
T-Ambient wunpile qm niimuwan
TN 12 ﬂ-gﬂuamﬁmmmw%uﬁqmnqﬁ 15 °C@ 40 %RH
ﬁﬁtaﬁuwaoqmnqﬁ ﬁﬁm‘é‘umaqqmnqﬁ HRF frnuu ule gt ANy
nizihzudy nszuhzdlan fnady ( % RH) wdsusiu HAWAR
(@ieaFoR) (DIFNTALTLA)
16.13 8.40 7.73 32% RH +250 %RH | +8 %RH

a | - X -
IMINTW 12 FlusmmasauIngunniin 15 ssrusaidos AUTU 40 % RH 1dnamu
maoqmnqﬁns:tﬂn:uﬁ'uﬁﬁu 16.13 IR NTALTUE uasImasgunpiinszuhadun wiviy 8.40

-~ ' LA L . 4
BIFUTATUE HAMIN ALY 7.73 mansmbinasfildmamsedianuaumenamym
. X oo
ASTM (The American Society for Testing And Materials) E337 Table X3.1 ddnumuyiany

32 %

RH fidanundsusiu + 2.50 % RH danuiianaa + 8 % RH
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TN 13 Namsﬁ'uﬁnmqmnqﬁnmﬂ'm‘ﬂunua:m:tﬂﬂ:tl.ﬁ'oﬁ 15 °C @ 50% RH

80

grnail Td 1o _ ANPTINT
Fuft 7 1an () 8 90 Tde | Tw10 | T-Ambient (%RH)
14 tWLU 2547 17.17 16.09 16.49 8.55 26.30 30
14 LU¥UU 2547 17.18 16.13 16.58 8.57 26.34 31
14 WwBU 2547 17.19 16.19 16.64 8.58 26.35 31
14 LU¥NUU 2547 17.20 16.25 16.68 8.58 26.41 31
14 Wwou 2547 17.21 16.33 16.75 8.57 26.31 31
14 Wwpu 2547 17.22 16.41 16.84 8.60 26.21 30
14 LBEw 2547 17.23 16.50 16.88 8.64 26.19 30
14 LwEU 2547 17.24 16.58 16.97 8.67 26.20 29
14 LW pu 2547 17.25 16.65 17.02 8.69 26.31 29
14 Lyw1oU 2547 17.26 16.74 17.13 8.76 26.34 28
14 Wy pu 2547 17.27 16.80 1717 8.80 26.25 29
14 WL 2547 17.28 16.88 17.17 8.79 26.36 28
14 B 2647 17.29 16.97 17.31 8.87 26.23 28
14 \WENBW 2547 17.30 17.06 17.31 8.88 26.35 28
14 LW BU 2547 17.31 17.10 17.36 8.93 26.34 28
14 W¥HW 2547 17.32 17.18 17.46 9.00 26.21 28
14 LUMBU 2547 17.33 17.22 17.53 9.01 26.31 28
14 \WBw 2547 17.34 17.26 17.55 9.04 26.34 30
14 WBHU 2547 17.35 17.33 17.60 9.12 26.31 30
14 tu¥Bu 2547 17.36 17.35 17.61 9.14 26.35 30
14 LELU 2547 17.37 17.37 17.66 9.20 26.36 30
14 \WwbY 2547 17.38 17.39 17.65 9.26 26.28 30
14 WIWNEW 2547 17.39 17.40 17.60 9.27 26.29 31
14 WY 2547 17.40 17.42 17.60 9.27 26.31 31
14 BB 2547 17.41 17.41 17.66 9.27 26.24 30
14 WEBYU 2547 17.42 17.37 17.58 9.32 26.26 31
14 LWNEU 2547 17.43 17.37 17.60 8.39 26.27 32
14 LUBEU 2547 17.44 17.34 17.55 9.40 26.21 32
14 LB"UW 2547 17.45 17.30 17.57 9.41 26.20 32
14 LWwpu 2547 17.46 17.26 17.48 9.44 26.31 31
14 WK 2547 17.47 17.23 17.46 9.46 26.35 31
14 WBuYu 2547 17.48 17.20 17.47 9.44 26.30 31




AT 13 (F)

81

gnnil Td \adp _ Fnuiu

i 1 1980 () 8 99 Td9 1 Twio | T-Ambient (%RH)
14 WU 2547 17.49 17.13 17.36 9.39 26.38 31
14 LWwIDU 2547 1750 17.07 17.30 9.42 26.34 32
14 \WWEHU 2547 17 .51 17.05 17.29 9.44 26.24 a3
14 ety 2547 17.52 17.00 17.30 9.39 26.39 32
14 wwau 2547 17.53 16.89 17147 9.35 26.31 33
14 WU 2547 17.54 16.85 17.09 9.40 26.45 34
14 \WWwHu 2547 17.55 16.82 17.10 9.36 26.28 34
14 WU 2547 17.56 16.79 17.08 9.35 26.24 34
14 WU 2547 17.57 16.76 16.99 927 26.26 34
14 W¥uU 2547 17.58 16.71 16.92 9.23 26.28 34
14 WWEpU 2547 17.59 16.67 16.94 9.21 26.23 34
14 tN¥HW 2547 18.00 16.64 16.90 9.15 26.28 34
14 (UMY 2547 18.01 16.63 16.85 9.12 26.24 3
14 (WY 2547 18.02 16.56 16.74 9.10 26.21 34
14 LW 2547 18.03 16.55 16.81 9.14 28.30 34
14 LBWHU 2547 18.04 16.55 16.81 9.13 26.31 34
14 wEgu 2547 18.05 16.56 16.78 9.09 26.35 34
14 WwWwaW 2547 18.06 16.55 16.78 9.08 26.34 3
14 W uUu 2547 18.07 16.55 16.80 9.08 26.27 34
14 WU 2547 18.08 16.55 16.79 9.03 26.26 33
14 WEBU 2547 18.09 16.57 16.75 9.03 26.24 34
14 WUsEU 2547 18.10 16.60 16.82 9.01 26.35 33
14 (uBItU 2547 18.11 16.61 16.84 8.99 26.21 a3
14 \yUU 2547 18.12 16.62 16.80 8.95 26.20 33
14 LUBUU 2547 18.13 16.65 16.80 8.94 26.14 33
14 lWw¥HU 2547 18.14 16.69 16.91 8.96 26.15 32
14 \WWBIHU 2547 18.15 16.68 16.89 8.93 26.21 31
14 WU 2547 18.16 16.73 16.90 8.93 26.12 H

Anaip 16.85 17.12 9.07 26.28 31
WINYING Td9 winedy  gonpiinTzihzuits

Tw10  wnsty amwplinszuhadun

T-Ambient Wag0a

qmngﬁmuuan
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_ x4 a
a9 14 aqunamIiadmnuiuianngl 15 °C@ 50 %RH

83

ﬁﬁtaﬁuwaoqmnqﬁ dﬁm‘é'ummqmﬁgﬂ HAAY AR AN AANNHEA
nysidzuda nszuhzton flady { % RH) wysism Waa
(B9FnTRTL®) (DIFNTRTDR)
17.12 9.07 8.05 31 % RH + 3 %RH +19 %RH

-~ -~ - A& Y
IINAITII 14 R‘{ﬂ“ﬂn"l‘fﬂﬂﬁaﬂjﬂqmﬂquﬂ 15 SIAILTAVTER AMNTU 50 % RH ‘lmNﬂT'lu

mmqmmgﬁnmm:uﬁmmﬁu 17.12 saraalgen NatvesguninTzzdon winiy 9.07

o . o e . g ¢

DAL TRLTUE Hﬂmaﬁ'lmm'mu 8.05 ﬂ"’l:.l"l‘m‘»hNﬁﬂ'\ﬂ‘lﬂ.ﬂu‘]Lﬂﬂ@lﬂﬂﬂﬂ'\ﬂ'l'lu'ﬂuﬂ']uu’\ﬂﬂg’lu
" ;g

ASTM (The American Society for Testing And Materials) E337 Table X3.1 ladausurinnu

31 %RH dimaaudsdTu T 3 % RH dnnufanana + 19 %RH

L [ [l - J
T 15 Hamstunndgumpiinszuhadlonussnszhzwiah 15 °C @ 60% RH

amngl Td (93U AANTu
S v @) 890 Td9 | Twi0 | T-Ambient (%RH)
14 wwnpw 2547 21.25 16.72 16.86 10.18 26.14 41
14 WWw1BU 2547 21.26 16.71 16.85 10.19 26.10 41
14 Wweau 2547 21.27 16.71 16.83 10.19 26.00 42
14 LUwHU 2547 21.28 16.70 16.81 10.17 26.15 42
14 Lvney 2547 21.29 16.73 16.86 10.19 26.18 41
14 Luwug 2547 21.30 16.75 16.87 10.19 26.10 41
14 WwIuU 2547 21.31 16.71 16.82 10.19 26.20 42
14 WM 2547 21.32 16.72 16.83 10.20 26.21 42
14 wyv¥uU 2547 2133 16.73 16.80 10.22 26.24 41
14 LUNUU 2547 21.34 16.73 16.86 10.19 26.27 41
14 WML 2547 21.35 16.68 16.79 10.21 26.16 42
14 (U 2547 21.36 16.71 16.85 1023 26.15 42
14 Wt 2547 21.37 16.74 16.90 10.23 26.21 41
14 (uBUU 2547 21.38 16.72 16.88 1021 26.24 41
14 tuwEU 2547 21.39 16.71 16.85 10.23 26.26 42
14 LHBU 2547 21.40 16,73 16.90 10.22 26.21 41
14 WU 2547 21.41 16.72 16.90 10.18 26.20 41
14 WWHU 2547 21.42 16.71 16.85 10.20 26.19 41
14 WMDY 2547 2143 16.69 16.84 10.19 26.14 41
14 WwHU 2547 21.44 S 16.71 16.83 10.17 26.18 41




a1719 15 (da)

84

gonndl Td 108y AAMUTY
Suf 1 v (w) 8 3@ Ta9 | Twi0 | T-Ambient (%RH)
14 w2547 21.45 16.74 16.89 10.17 26.15 41
14 Wynau 2547 21.46 16.72 16.88 10.17 26.13 41
14 Luwnau 2547 21.47 16.73 16.92 1015 26.09 40
14 Lu¥u 2547 21.48 16.74 16.89 10.13 26.14 40
14 L¥EU 2547 2149 16.68 16.83 10.16 26.20 41
14 LU 2547 21.50 16.64 16.77 10.19 26.13 42
14 LIWBY 2547 21.51 16.68 16.83 10.20 26.10 42
14 WBBU 2547 21.52 16.70 16.83 10.20 26.17 42
14 Wwpu 2547 21.53 16.65 16.79 10.20 26.24 42
14 Lwou 2547 21.54 16.67 16.81 10.23 26.13 42
14 LUwUU 2547 2155 16.68 16.85 10.23 26.24 42
14 tuwIBU 2547 21.56 16.70 16.90 10.20 26.28 41
14 \NLw 2547 21.57 16.69 16.82 10.18 26.21 42
14 BB 2547 21.58 16.69 16.80 10.18 26.15 42
14 WBNHU 2547 21.59 16.70 16.86 10.17 26.20 41
14 WWBU 2547 22.00 16.72 16.86 10.16 26.19 41
14 WENBU 2547 22.04 16.69 16.81 10.17 26.14 42
14 Wwrou 2547 22.02 16.71 16.85 10.17 26.12 41
14 WIw B 2547 22.03 16.73 16.88 10.18 26.24 41
14 LwnEu 2547 22.04 16.72 16.86 10.16 26.24 41
14 LuBHU 2547 22,05 16.73 16.88 10.18 26.26 41
14 LIBUU 2547 22.06 16.75 16.91 10.15 26.17 40
14 (BN 2547 22.07 16.77 16.90 10.15 26.11 41
14 \WDU 2547 22.08 16.77 16.88 10.14 26.13 41
14 LBy 2547 22.09 16.75 16.88 10.17 26.19 41
14 W8 2547 22.10 16.78 16.90 10.13 26.15 40
14 1o 2547 2211 16,79 16.96 10.18 26.11 40
14 \Wws"py 2547 22.12 16.78 16.92 10.16 26.10 40
14 WwoYu 2547 22.13 16.78 16.93 10.14 26.19 40
14 LU 2547 22.14 16.79 16.92 10.12 26.09 40
14 WU 2547 22.15 16.80 16.95 10.16 26.23 40
14 WU 2547 22.16 16.78 16.91 10.13 26.24 40
14 WU 2547 22.17 - 16.79 16.95 10.12 26.15 40




AT 15 (WD)

85

—

aounil Td ta3p . frn T
Fuft £ 980 (%) 8@ Ta9 Tw 10 T-Amblent (%RH)
14 \WBuw 2547 22.18 16.78 16.97 10.12 26.20 40
14 WWBWHU 2547 22.19 16.77 16.93 10.14 26.26 40
14 \Wwwuu 2547 22.20 16.77 16.90 10.13 26.18 40
14 LwHu 2547 2221 16.75 16.90 10.11 26.16 40
14 \NENtu 2547 22,22 16.75 16.91 10.13 26.15 40
14 L0weu 2547 2223 16.74 16.92 10.16 2617 40
14 LUBUW 2547 22.24 16.74 16.89 10.14 26.14 40
fuady 16.73 16.87 10.47 26.17 4
VLIV Td9 wanofis  aumpinszuhuk
Tw10  winety  amwniniuhaden
T-Ambient winwfiy  gunpiinmiuuan
AT 16 a;ﬂuamﬁammm"ﬁ'uﬁqmugﬁ 15 °C@ 60 %RH
fi'uaﬁumaqqmﬁgﬁ dwtnﬂumaaqmnnuﬁ Haw fhm'm";u a0l gtV MAMUHR
niztizuie nyzheton flady ( % RH) wsltu WA
(2 Tardos) (9IPNLTATLR)
16.87 10.17 6.70 41 % RH + 9 %RH +19 %RH

- -l - & o
INMTN 16 ﬂ?ﬂ”an’lmﬂﬂauqmqmﬁqun 15 A NTITUT HUTU 60 % RH 1ﬂ“aﬂu

waoqmuqﬂm:nﬂn:uﬁuﬁwﬁ'u 16.87 23FLTALTUR uaﬂwaoqmagﬁn-::tm:tﬂun WinY 10.17

al L L L .. . A
DIFANTUFHY HAGHN IALAD 6.70 mmmﬂ‘mamm‘lﬁlmL'ilﬂmﬂomm‘lwﬁumummﬂg‘m
> P
ASTM (The American Society for Testing And Materials) E337 Table X3.1 1ssanuaurnny

41 %RH fimamuuysusu £ 1 % RH uaslisanuiewaia + 19 % RH
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w A . - = w =l
a1 17 Wamsiuhndgamaiinszuhaitinnuaznazihzudsn 25 °C @ 40 % RH

87

gonnil Td s _ Aan
A 71 (1) 8 99 Tds9 Tw 10 T-Ambient (%RH)
13 weuvu 2547 14.05 25.84 2569 16.55 26.26 39
13 wwIowu 2547 14.06 25.80 2563 16.52 26.24 39
13 Wweaw 2547 14.07 25.79 25.61 16.55 26.21 39
13 WBIUW 2547 14.08 25.76 25.59 16.53 26.30 39
13 LUB18U 2547 14.09 2574 2555 16.52 26.31 38
13 wpw 2547 14.10 2572 2551 16.43 26.34 37
13 1umaw 2547 14,1 25.69 2549 16.39 26.35 37
13 wwnuw 2547 14.12 25.64 25.37 16.33 26.37 38
13 WwUU 2547 14.13 2560 2538 16.40 26.33 38
13 Wwwau 2547 14.14 25.59 25.38 16.38 26.31 38
13 wsnau 2547 14.15 25.55 25.31 16.32 26.31 38
13 wwpu 2547 14.16 25.51 25.25 16.29 26.32 38
13 Wesu 2547 14.17 25.50 25.22 16.28 26.37 39
13 WeHU 2547 14.18 2547 25.16 16.23 26.25 39
13 Wy 2547 1419 2545 25.22 16.24 26.28 38
13 WU 2547 1420 25.42 25.15 16.18 26.24 38
13 WD 2547 1421 25.38 25.08 16.14 26.34 39
13 WU 2547 14,22 25.37 25.09 16.09 26.33 38
13 Wwwpu 2547 14.23 2534 2512 16.09 26.37 38
13 tWU 2547 14.24 25.30 25.02 16.05 26.31 38
13 Wwwuu 2547 14.25 2529 24.97 16.02 26.38 39
13 Wwau 2547 14.26 25.30 25.06 16.04 26.35 38
13 WU 2547 1427 25.30 25.05 16.04 26.30 38
13 LWEBU 2547 14.28 2527 25.01 15.99 26.28 38
13 WBnEU 2547 14.29 25.27 25.01 15.96 26.29 38
13 LUWBU 2547 14.30 25.26 25.06 16.00 26.27 37
13 WwpU 2547 14.31 25.27 25.04 16.01 26.25 38
13 WEBM 2547 14.32 2527 25.02 16.01 26.34 38
13 Wwwuu 2547 14.33 25.30 25.07 16.00 26.34 37
13 wEnpu 2547 1434 25.29 25.13 16.03 26.37 a7
13 Wweou 2547 14.35 25.32 25.14 16.07 26.35 37
13 WU 2547 1436 . 2533 25.14 16.05 26.24 37




T8 17 (#0)

amwnpl Td 188 _ —

S/ i) - Td9 | Tw10 | T-Ambient R
13 WM 2547 14.37 2537 25.29 16.07 26.21 37
13 LI¥EW 2547 14.38 25.38 25.25 16.09 26.23 37
13 WM 2547 14.39 25.41 25.24 16.09 26.22 37
13 e 25647 14.40 2543 25.26 16.09 26.25 37
13 wwion 2547 14.41 25.48 25.35 16.11 26.24 37
13 Wz 2547 14.42 25.50 25.39 16.12 2624 37
13 1wEau 2547 14.43 25.53 25.40 16.14 26.29 37
13 WHEIBU 2547 14.44 25.56 25.42 16.15 26.27 37
13 1 B8N 2547 14.45 2559 25.46 16.19 26.26 37
13 LWWEUW 2547 14.46 2562 2554 168.22 26.24 36
13 LWENUW 2547 14.47 25.65 25.54 16.25 26.23 36
13 WEIBU 2547 14.48 25.66 25.57 16.27 26.21 38
13 WEEU 2547 14.49 25.70 25.59 16.28 26.20 38
13 \WEINW 2547 14.50 2571 25.62 16.36 26.31 38
13 LIEIEW 2547 14.51 25.74 25.60 16.37 26.29 38
13 LUWEW 2547 14.52 25.76 25.71 16.44 26.28 38
13 WU 2547 14.53 2577 2568 16.42 26.31 38
13 WIwIHW 2547 14.54 2578 25.65 16.39 26.29 as
13 WU 2547 14.55 25.81 2567 18.43 26.20 38
13 WWWIEU 2547 14.56 2582 25.72 16.42 26.11 38
13 W¥EU 2547 14.57 25.78 25.63 16.44 26.10 38
13 WwWBU 2547 14.58 25.62 25.85 16.49 26.09 37
13 WWBU 2547 14.59 25.80 25.61 16.52 26.27 39
13 lUEILU 2547 15.00 25.80 25.63 16.51 26.28 39
13 WWIDU 2547 15.01 25.78 2560 16.5% 26.22 39
13 WEEK 2547 15.02 256,79 26,55 16.49 26.23 39
13 WBHW 2547 15.03 25.78 25.55 16.46 26.21 39
13 WU 2547 15.04 25.77 25.55 16.45 26.24 39

fiadp 25.56 2637 | 16.26 26.32 37
WNUIAA Td 9 winuta  amuniinszithzuis

Tw10  wnefis gumpdnssuhesdlon

T-Ambient WuuDa

qmﬂg?ﬁmuuan
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90

- & 4 -
T 18 apusmyiaanuduiigunnl 25 °C@ 40 %RH

fi’\m‘z’i'umaoqmnqﬁ ci'na‘é’wa-:qmﬂn“ﬁ HRAN AR s egtY AN
IE 401 FAIRLE] naztzidon duain (% RH) wysdsu HAWAN®

(Bsenoaldiug) (BAFWTINTUR)
25.37 16.26 9.11 37% RH +1.00 %RH | +3 %RH

INGITN 18 a;ﬂuammmaaufﬂqmﬂqﬁﬁ 25 asrnmaidua AuTu 40 % RH TéHaTm
wasgumniinizsuhzudarindy 25.37 asengaidus wamuwssgungiinszuhzdon vindy 16.26
2IMNENT WadR IAYAD 9.11 mansmbueduiidndesmeiauueruanangm
ASTM (The American Society for Testing And Materials) E337 Table X3.1 léfnanudwyinfiy

37 %RH Tfauudsimu £ 1 % RH Jsanuianana + 3 %RH

AT 19 nam‘rﬁuﬁnmqmnqﬁm:m'\:tﬂunua:ns:tﬂ"l:uﬁaﬁ 25 °C @ 50 % RH

gmannd Td 1adp _ P
af 1 (0) 839 Td8 4 w10 T-Ambient (%RH)
13 o 2547 18.11 2476 24.69 18.23 26.30 54
13 LU¥BU 2547 18.12 24.84 24.74 18.19 26.24 53
13 WHNOU 2547 18.13 24.80 24.67 18.10 26.28 53
13 WMDY 2547 18.14 24.77 24.67 18.18 26.26 53
13 Wow 2547 18.15 24.86 24.82 18.17 26.27 53
13 WMoU 2547 18.16 24.90 2478 18.10 26.28 53
13 WEEY 2547 18.17 24.79 24.60 18.15 26.24 54
13 WU 2547 18.18 24.92 2492 | 1817 26.30 52
13 WO 2547 18.19 25.03 24.98 18.11 26.34 51
13 WMow 2547 18.20 24.93 24.74 18.12 26.36 53
13 WENUU 2547 18.21 25,05 24.91 18.23 26.21 52
13 WU 2547 18.22 25.14 25.08 18.25 26.24 51
13 WHBU 2547 18.23 25.11 24.99 18.34 26.35 52
13 WMIHU 2547 18.24 25.15 24.98 18.32 26.26 53
13 WB1BU 2547 18.25 25.25 25.14 18.26 26.31 51
13 WU 2547 18.26 25.24 25.06 18.25 26.25 51
13 tuwIw 2547 1827 25.25 24.97 18.24 26.28 52
13 WU 2547 18.28 25.32 2513 18.26 26.29 51
13 WU 2547 18.29 25.32 25.17 18.22 26.24 51
13 Www1bw 2547 18.30 2527 25.09 18.30 26.21 52




AT 19 (69)

91

aunni Td 1a8n FAMAUTH
uft 7 e (w) — 8 1@ Td9 Tw10 | T-Ambient (%RH)
13 Lwu 2547 18.31 25,36 25.33 18.31 26.31 50
13 LWwNBDU 2547 18.32 25.38 25.28 18.24 26.25 50
13 Wwwnu 2547 18.33 25.26 25.07 18.28 26.28 51
13 LUU 2547 18.34 25.34 25.21 18.30 26.33 51
13 LYY 2547 18.35 25.42 25.25 18.27 26.31 51
13 (BBU 2547 18.36 25.31 2517 18.28 26.39 51
13 WD 2547 18.37 25.34 25.22 18.34 26.32 51
13 WIpwW 2547 18.38 25.41 25.34 18.35 26.34 51
13 wnnpw 2547 18.39 25.40 2523 18.29 26.37 51
13 Wwr1ou 2547 18.40 25.35 25.20 18.35 26.35 51
13 LIaU 2547 18.41 25.40 25.32 18.38 26.34 51
13 WU 2547 18.42 25.42 25.31 18.30 26.31 50
13 WU 2547 18.43 25.28 25.05 18.31 26.30 52
13 WwnU 2547 18.44 25.35 25.18 18.35 26.31 51
13 LIwNpu 2547 1845 25.41 25.29 18.37 26.35 51
13 WwEY 2547 18.46 25.27 25.03 18.29 26.38 52
13 W 2547 18.47 25.31 25,09 18.21 26.34 51
13 wrou 2547 18.48 25.37 25.32 18.31 26.29 50
13 Wwpu 2547 18.49 25.31 25.25 18.25 26.31 50
13 WU 2547 18,50 26.26 25.11 18.31 26.38 51
13 WIWDU 2547 18,51 25.34 25.28 18.30 26.37 50
13 LMDU 2547 18,52 25.34 25.23 18.22 26.31 50
13 Wwyu 2547 18.53 25.26 25.06 18.25 26.34 51
13 NEY 2547 18.54 25.35 25.11 18.28 26.26 51
13 wwnewu 2547 18.55 25.36 25.20 18.22 26.24 50
13 Wwowu 2547 18.56 25.26 25.09 18.23 26.27 51
13 wenuu 2547 18.57 25.34 25.20 18.26 26.26 51
13 wwou 2547 18.58 25.36 25.23 18.23 26.21 50
13 Wwgu 2547 18.59 25.25 2496 18.22 26.23 52
13 WIDU 2547 19.00 25.32 25.15 18.26 26.27 51
13 W 25647 19.04 25.36 25.19 18.19 26.21 50
13 Wivou 2547 19.02 25.25 24.97 18.18 26.23 51
13 W 2547 19.03 $25.32 25.23 18.25 26.19 50




719 19 (6ia)

92

amwnd Td il AN
Sufh £ 2m ) 839 Td9 | Twi0 | T-Ambient (%RH)
13 WwEau 2547 19.04 25.39 25.28 18.18 26.24 49
13 WEuu 2547 19.05 25.28 25.10 18.17 26.23 51
13 WU 2547 189.06 25.33 25.16 18.20 26.21 S0
13 WU 2547 19.07 25.36 2523 18.16 26.20 49
13 MU 2547 19.08 2527 25.05 18.19 26.16 51
13 LUWUU 2547 19.09 25.35 25.16 18.16 26.28 50
13 Wwau 2547 19.10 25.32 2517 18.20 26.21 50
Amady 2524 2500 | 1824 26.28 51
WA Td 9 winslly  gunglinazihzeis
Twi10  wnohy gunplinsmuhailon
T-Ambient Wupfie  amwpilmouan
@13 20 a;ﬂuamﬁﬂfhmm%uﬁqmnnuﬂ 25 °c@ 50 %RH
d11n§umaaqquﬂ fitad puaIgungll [ Wad1 Arnauiu A7 AN
nyzithzuny nszuhnton finady { % RH) wusdsu AaNaa
(29I TatToR) (AL )
25.09 18.24 6.85 51% RH +250 %RH | —1 %RH

9 P - P s >
FIINIITW 20 ﬁzﬂﬂﬂanﬂﬂﬂﬂu’)ﬂqm“{}”ﬂ 25 2IPNRLYUE AN TU 50 % RH 1ﬂﬂa1’1u

maaqmnqﬁmnm:uﬁawhﬁ'u 25.09 ssrmnsaldua Nanwaoqmnn“ﬁmzlﬂ'):t'i’lun winu 18.24

o ) O e L . &
IR THE unmm‘lmmnu 6.85 mmmﬁwamm’lﬂmlﬁmmﬂamn'nu'numummﬂg’m
. ., X,
ASTM (The American Society for Testing And Materials) E337 Table X3.1 adanuBuvinny

51 %RH ffnuudsusu £ 1 % RH fidanufiawata —1 % RH
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A ’ - - v o
a7 21 uam‘muﬁnmqmuqum:tﬂ’u:tﬂunua:m:uh:umn 25 °C @ 60 % RH

94

——

gonnll Td @iy . FNNTR
Tuft 7 1930 (W) 8 9@ 799 w10 T-Ambient (%RH)
13 WwaU 2547 22.24 2560 2529 19.50 26.13 58
13 WwaY 2547 22,25 25.54 25.20 19.51 26.14 58
13 WU 2647 22.26 2559 2540 19.50 26.24 57
13 WL 2547 22.27 25.40 2513 19.52 26.15 59
13 LWIBU 2547 22.28 2536 25.08 19.53 26.20 60
13 WEBU 2547 2229 2541 25.24 19.51 26.23 58
13 WwEU 2547 22,30 25.19 2482 19.54 26.09 62
13 0w EU 2547 22.31 25.19 2494 19.54 26.20 60
13 wsnw 2547 22.32 25.26 25.09 19.64 26.23 60
13 WHNW 2547 22,33 25.11 2478 19.56 26.21 62
13 WUHIBW 2547 22.34 2512 24.85 19.54 2624 61
13 WHIBU 2547 2235 2519 25.06 19.52 26.20 60
13 WEBW 2547 22.36 2507 2476 . 19.55 2623 62
13 tunem 2547 22.37 2512 2483 19.47 26.25 61
13 s 2547 22.38 2523 25.06 19.43 26.26 59
13 \Wepu 2547 22.39 25.13 2491 19.52 26.29 61
13 WU 2547 2240 2512 2490 19.53 26.24 61
13 LB 2547 22.41 2517 25.00 19.51 26.23 60
13 WU 2547 2242 25.00 24 66 19.50 26.21 62
13 Luspu 2547 2243 25.09 24.87 18.51 26.31 61
13 WWBU 2547 22.44 25.16 2500 19.53 26.30 60
13 WD 2547 22.45 25.03 2470 19.52 26.28 62
13 WBUWU 2547 2246 25.14 2494 19.54 26.24 60
13 LB eU 2547 2247 25.22 25.06 19.54 26.21 60
13 WHNHW 2547 2248 25.13 24.80 19.50 26.22 61
13 WwIpU 2547 22.49 25.28 2510 19.52 26.23 59
13 LWBLU 2547 2250 25.40 25.25 19.50 26.27 58
13 Wsnuw 2547 22.51 25.37 25.09 19.51 26.30 60
13 Weuw 2547 22.52 25.49 2527 19.53 26.24 58
13 WBBU 2547 2253 25.63 2548 19.54 26.28 57
13 WU 2547 2254 25.63 25.41 19.50 26.25 57
13 WeNBU 2547 2255 . 25.77 25.63 19.52 26.21 57




T 21 (si|)

T-Amblent waNBTI

gomall Td 108n . ﬂ"m'nu%u
m 899 Td9 Tw10 | T-Ambient %RH)

13 WU 2547 22.56 25.86 25.74 19.51 26.00 56
13 Wwwnow 2547 22,57 25.86 25.69 19.53 26.14 57
13 W 2547 22.58 26.98 25.86 19.60 26.24 56
13 WU 2547 22.59 26.03 25.91 19.63 26.18 56
13 Wwuw 2547 23.00 26.05 25.87 19.70 26.29 57
13 wwnpw 2547 23.01 26.18 26.02 19.76 26.27 56
13 Wiew 2547 23.02 26.17 26.05 19.78 26.24
13 Wwiyw 2547 23.03 26.14 25.90 19.89 26.26
13 Wwnaw 2547 23.04 26.25 26.11 19.91 26.19 57
13 e 2547 23.05 26.25 26.11 19.90 26.24 56
13 WwNEw 2547 23.06 26.19 25.96 19.99 26.25 57
13 WwEnew 2547 23.07 26.27 26.12 19.89 26.27 56
13 BN 2547 23.08 26.26 26.10 19.76 26.25 55
13 W 2547 23.09 26.16 25.94 19.56 26.28 55
13 oW 2547 23.10 26.19 26.07 19.75 26.29 565
13 WL 2547 23.11 26.12 25.92 19.54 26.24 55
13 WHNtU 2547 23.12 26.07 25.86 19.64 26.21 56
13 W 2547 23.13 26.10 26.00 19.56 26.20 55
13 Wwsnow 2547 23.14 25.03 26574 19.54 26.16 56
13 winow 2547 23.15 25.90 25.66 19,56 26.20 57
13 Wb 2547 23.16 25.95 25.79 19.50 26.09 56
13 o 2547 23.17 25.77 25.48 1952 26.14 57
13 B 2547 23.18 25.69 25.45 19.55 26.15 57
13 UK 2547 23.19 25.76 25.58 19.54 26.12 57
13 LN 2547 23.20 25.68 25.51 19.52 26.14 56
13 LM% 2547 23,24 25.52 25.26 19.54 26.15 58
13 1WIBNLW 2547 23.22 25.60 25.42 19.55 26.16 58
13 WwwNpw 2547 23.23 25.64 25.37 19.57 26.18 58

BRY 25.61 25.40 19.58 26.26 58
“mUWW‘I Td 9 ﬁmnﬁo qmﬁgﬁmnﬂﬁ:uﬁq

Tw 10 winuty  aampiineuhzilen
nil
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-, o A -
a1y 22 mﬂﬂmﬂmﬂﬂﬂmﬂqmﬂﬂﬁ 25 OC@ 680 %RH

97

e 83NNl si'nm‘é\'ﬂ-nmqmﬂqﬁ NRSN —— LAl gt e
nsuthzuds nutheitlon fruaie ( % RH) uwdshu | Rewana

AL LI 6 (BIFNIRLTEN)
25.40 19.58 5.82 58 % RH +350 %RH | +2 %RH

- ol a A -
INNTN 22 ﬂﬂﬂﬂnqmﬂaﬂmﬂqmﬁ{}ﬂﬂ 25 SHMTRLTLR A73TW 60 % RH 1@]“37}“

maoqmngﬁnntﬂﬂzuﬁatmﬁu 25.4009MIBRITHA nanwaoqmﬂgﬁn‘mm:mﬂn winfy 19.52

) , o o W M y v A ’ A
BIFMLERLBE N mmaﬁ‘lmmnu 582 mmmmuamamﬂmLﬂﬂmomm'lmmummﬂg’m
v, & ..
ASTM (The American Sodiety for Testing And Materials) E337 Table X3.1 1éfmarumuyini

58 %RH snemsuislm £ 3.50 % RH uaziisnenufians1a + 2 % RH

o s N =l w ol
a1 23 memIbuinfmammpinazhatunuesnziheunsh 30 °Cc @ 40% RH

DR Td WA _ d-uﬂ'r:u%:\:
A 1 e () 834 Td9 w10 T-Ambient (%RH)
15 (uBNYW 2547 15.10 30.02 30.25 20.24 26.15 39
15 wWwenpy 2547 15.11 30.04 30.21 20.24 26.10 39
15 LWEW 2547 15.12 30.07 30.24 20.26 26.25 39
15 WEN8U 2547 15.13 30.09 20.28 20.26 26.24 39
15 WL 2547 15.14 30.11 30.29 20.29 26.24 39
15 WwwEu 2547 15.15 30.12 30.26 20.30 26.00 39
15 1WELU 2547 15.16 30.14 30.33 20.37 26.18 39
15 LWBLU 2547 15.17 30.14 30.33 20.33 26.20 39
15 LW 2547 15.18 30.16 30.34 20.38 26.15 39
15 LIwEU 2547 15,19 30.15 30.31 20.37 26.26 39
15 w2547 1520 30.16 30.31 20.38 28.27 39
15 WEgU 25647 15.21 30.17 30.33 20.36 28.29 39
15 WEHW 2547 15.22 30.15 30.26 20.34 26.30 39
15 1WwBwW 2547 15.23 30.18 30.22 20.32 26.41 39
15 LB 2547 15.24 30.17 30.31 20.34 26.39 39
15 Lwnau 2547 15.25 30.12 30.23 20.34 26.35 39
15 WWUU 2547 15.26 30.14 30.17 20.33 26.37 40
15 IWNau 2547 1527 30.14 30.20 20.38 26.25 40
15 WIENEW 2547 15.28 30.15 30.27 20.44 28.24 40
15 \wwneu 2547 1529 30.14 30.24 20.39 26.39 40




AT 23 (diB)

98

atnnil Td \afp AR
Tufl £ 128 (W) —~ 830 Td9 w10 T-Amblent (%RH)
15 WU 2547 15.30 30.08 30.08 20.31 26.35 40
15 LWL 2547 15.31 30.06 30.09 20.34 26.34 40
15 LW 2547 15.32 30.05 30.10 20.34 26.21 40
156 Wwwpu 2547 15.33 30.02 30.02 20.31 26.29 40
15 WwBu 2547 15.34 30.02 30.00 20.29 26.34 40
15 W¥BU 2547 15.35 30.01 29.99 20.24 26.40 40
15 WU 2547 15.36 29.99 29.99 20.23 26.41 40
15 Wwpu 2547 1537 2993 2993 20.21 26.51 40
15 WU 2547 15.38 29.94 29.95 20.23 26.45 40
15 WBEY 2547 15.39 2993 29.94 20.20 26.45 40
15 WU 2547 15.40 29.90 29.91 20.17 26.43 40
15 WEILW 2547 15.41 29.86 2984 20.17 2640 40
15 WwtwW 2547 15.42 29.88 2982 20.17 26.39 41
15 (U 2547 1543 29.87 2986 20.15 268.35 40
15 WyeW 2547 15.44 29.83 2983 2014 26.30 40
15 W 2547 1545 29.81 2981 20.14 26.24 40
15 \WWIBU 2547 1546 2983 2980 20.12 26.25 40
15 WWgU 2547 1547 29.83 29.81 20.06 26.23 40
15 LIweu 2547 1548 - 29.81 29.80 20.08 26.28 40
15 LU 2547 1549 2982 29.80 20.10 26.26 40
156 Wwsau 2547 1550 29.84 29.86 20.10 26.24 40
15 LBIHU 2547 15.51 29.82 29.84 20.09 26.21 40
15 \wtU 2547 15.52 29.84 29.90 20.14 26.20 40
15 \BHU 2547 15.53 29.84 29.84 20.11 26.32 40
15 WwaU 2547 1554 29.86 299 20.11 26.31 40
16 Wweawu 2547 1555 29.88 29.93 20.10 26.24 40
15 1IW8W 2547 15.56 29.88 2993 2012 26.38 40
15 e 2547 1557 29.88 2993 2013 26.40 40
15 wwaw 2547 1558 29.90 29.96 20.09 26.24 40
15 Wwpu 2547 1559 29.93 29.98 2012 26.21 40
15 Lwpu 2547 16.00 2994 30.00 20.12 26.28 40
15 WBsU 2547 16.01 2995 30.01 20.15 26.27 40
15 18U 2547 16.02 '29.96 30.05 20.14 26.27 39




TN 23 (D)

99

gmngdl Td 1adn _ fi'm'nu%u
uh 7 1380 (0) 813@ Tas _Tw 10| T-Ambient (%RH)
15 WWWLU 2547 16.03 29.98 30.06 20.1% 26.24 39
15 Wwaw 2547 16.04 30.00 30.07 20.18 26.18 39
15 Ww U 2547 16.05 30.01 30.07 20.16 26.20 39
15 wwow 2547 16.06 30.03 30.13 20.18 26.21 39
15 WBHU 2547 16.07 30.05 3a0.16 20.19 26.24 39
15 Wypu 2547 16.08 30.05 30.15 20.17 26.28 3g
15 Wwusu 2547 16.08 30.03 30.09 2017 26.26 39
fnadu 29.99 30.06 20.22 26.29 40
ARG Td 9 wingiy  anmniinszuhzudy
Tw10  wetiv  gunpinrzuhadon
T-Ambient oty guwpiimauan
TN 24 a‘gﬂuamﬁadnmm%uﬁqmmqﬁ 30 °c@ 40 %RH
mm‘é‘umaeqmmﬁ mmﬁwaoqquﬂ WA ArnauEn sy RN
nIzuhzuny nzuhadien finady { % RH) udrdsau Hawa e
(DI NTALTER) {(DIMLTALTHR)
30.06 20.22 9.84 40% RH + 1 %RH 0 %RH

“~ - o & >
JINAITI 24 ﬂ?ﬂﬂﬁn'lmﬂﬂau‘lﬂqm“qu’n 30 9IALTALTUR ANTW 40 % RH 1@“31’3”

maaqmnqﬁm:tﬂ'\:uﬁotﬁﬂﬁu 30.06 BIFLTINTOT uanwaoqmanﬂﬁnﬁtﬂﬁnﬂnn Iy 20.22

- L L . A
ISR Hashaf laiiiu 9.84 mansobhuadmeh isandamswianuuamsnanim
L ] J » L
ASTM (The American Society for Testing And Materials) E337 Table X3.1 adamururinny

40 %RH Jfranuntndmu £ 1 % RA hillanutiawara
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AT 25 namsﬁuﬁnmqnm:aﬁn'sztﬂ'l:l.?.lnnuﬂ:m:Lﬂﬁ:uﬁaﬁ 30 °C @ 50 % RH

10¢

A

aunnil Td 12 fAMUTH
Fuf £ 1981 (W) 810 Td9 Tw10 | T-Ambient (%RH)
15 WU 2547 19.20 29.64 29.21 21.39 26.34 49
15 LuuU 2547 1921 29.73 29.35 21.36 26.32 49
15 WwBu 2547 19.22 29.63 2924 21.34 26.21 49
15 Wsou 2547 19.23 29.69 29.34 21.43 26.30 49
15 LUN"EW 2547 19.24 29.78 29.45 21.39 26.33 48
15 WRLU 2547 19.25 29.72 29.35 21.37 26.24 49
15 LuBItu 2547 19.26 29.82 29.54 21.43 26.20 49
15 WWwou 2547 19.27 29.85 29.47 21.38 26.25 48
15 L¥IUU 2547 19.28 29.78 29.32 21.41 26.24 49
15 LUNBW 2547 19.29 29.89 29.56 21.43 26.26 49
15 LMo 2547 19.30 29.90 29.61 21.38 26.27 48
15 Lwou 2547 19.31 29.88 29.60 21.45 26.28 49
15 wow 2547 19.32 29.95 29.60 21.46 26.21 49
15 WwDU 2547 19.33 29.94 29.63 21.42 26.35 48
15 LIWIUU 2547 19.34 29.91 29.54 21.49 26.29 49
15 LU 2547 19.35 30.01 29.68 21.49 26.34 49
15 Ww"UU 2547 19.36 29.86 29.46 21.46 26.25 48
15 WwIUU 2547 19.37 29.94 29.65 21.56 26.31 49
15 LUBILU 2547 19.38 30.01 29.78 21.52 26.30 48
15 Luwpu 2547 19.39 29.89 29.46 21.50 26.28 49
15 LB 2547 19.40 29.97 29.61 2157 26.34 49
15 LUBDU 2547 19.41 30.01 29.69 21.51 26.30 49
15 www 2547 19.42 29.82 29.33 21.54 26.27 51
15 WIWYU 2547 19.43 29.88 29.49 21.56 26.21 49
15 LB"DW 2547 19.44 29.92 29.55 21.50 26.20 49
15 LWmDW 2547 19.45 29.78 2922 2151 26.16 50
15 LMDU 2547 19.46 29.88 29.42 21.49 26.10 49
15 WwHw 2547 19.47 29.81 29.40 21.47 26.24 49
15 Wwwnu 2547 19.48 29.76 29.32 2151 26.21 49
15 WIvuY 2547 19.49 29.84 29.49 21.49 26.30 48
15 Wiwpu 2547 19.50 29.68 29.11 21.41 26.28 50
15 LUM¥ILU 2547 19.51 29.74 29.33 21.51 26.27 49
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A71519 25 (@D)
goanndl | Td Wiy _ Fi"lﬂ')’l&l'{“

L3 P ™ 890 Td9 Tw 10 T-Ambient (%RH)
15 WU 2547 19.52 2082 29.51 21.46 2631 48
15 WwWwnu 2547 19.53 29.69 29.27 21.42 26.29 49
15 WEBY 2547 19.54 29.78 20.46 2t.46 26.34 48
15 WU 2547 19.55 29.85 29.53 21.39 26.21 48
15 w0U 2547 19.58 29.66 29.20 21.42 26.23 50
15 WWILW 2547 19.57 29.75 29.40 21.48 2625 49
15 Ww"aw 2547 19.58 29.82 20.50 21.40 26.28 48
15 13IWNLU 2547 19.59 29.68 29.28 21.41 26.24 49
15 WBLW 2547 20.00 29.77 29.45 2143 268.23 48
15 WWLY 2547 20.01 29.73 29.33 21.33 26.20 48
15 Wiwpw 2547 20.02 2967 29.25 21.41 26.24 49
15 lwEU 2547 20.03 29.77 29.47 21.39 26.26 48
15 w1 2547 20.04 20.65 29.16 21.36 26.28 49
15 1wBU 2547 20.05 29.71 29.31 21.46 26.20 49
15 13WEU 2547 20.08 29.80 2042 21.39 26.18
15 WwLw 2547 20.07 29.68 29.24 21.35 28.21 49
15 WU 2547 20.08 20.74 29.34 21.41 26.13 49
15 1wpu 2547 20.09 29,82 29.47 21.35 26.15 48
15 lwEW 2547 20.10 2968 20.16 21.36 26.20 49
15 \WIWNEU 2547 20.11 2077 29.49 21.44 28.23 48
15 WWILU 2547 20.12 29.82 29.52 21.38 26.24 48
15 Wwwau 2547 20.13 29.69 29.20 21.38 26.17 49
15 e 2547 20.14 29.80 29.45 21.41 26.15 48
15 WM 2547 20.15 20.72 2927 21.34 26.27 49
15 WEHU 2547 20.16 29.71 29,29 21.46 26.23 49
15 WwNuU 2547 20.17 29.83 29.47 21.41 26.20 43
15 WWHNEU 2547 20.18 29.72 29.31 21.39 26.21 49
15 LIBIEW 2547 20.19 2972 29.34 21.44 26.25 49

fLaRY 29.80 2041 | 2143 26.30 48
MANELNS Td9 winotis  gunpiinihzuiy

Tw1o  winedy swpiinenhailn

T-Ambient Wanufa pounpilmeuen
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~_ X 4 a
AT 26 anluamTiaanusungunnil 30 °C@ 50%RH

104

mmﬁ'waaqmnqﬁ ﬁntaﬁumaaqmuqﬁ HARAN fATINTN AN fnu
n3zizudy nszihzilon fad ( % RH) wisdTiu HOWAS
(@9 TaTDe) (DI WTALTO)
29.41 2143 7.98 48% RH +150 %RH | + 2 %RH

w oo = & -
IMNGITN 26 a‘!ﬂ“an'\mﬂﬂau’)ﬂqm“quﬂ 30 ayrTalTeR ATUTU 50 % RH 'lﬂNﬂT]U

maoqmuqﬁm:mﬁ:uﬁotmﬁu 29.41 DIFNTANTUH Na'rmmaaqquﬁninmztﬂun winnu 24.43

= L \ e W ' Fy
aertTaldna nad N laiviiy 7.98 mmmﬂ’maGm'n'lmmtﬁﬂﬂ'lﬂm‘\n'rlu'dumuu’lmﬂpu
- J . e
ASTM (The American Society for Testing And Matenals) E337 Table X3.1 adanudurini

48 %RH HfanuuwdTuTiu I 1.50 % RH uazlisianufianaia + 2 % RH

- . - v o
M9 27 wamstufindraamadnszuhafunuasnssuhiuian 30 °C @ 60 % RH

gnnil Td 188y ARty
a7 1381 (W) 8 9@ T Twio T-Amblent (%RH)
15 WwwIsu 2547 11.49 30.01 2980 22.84 26.54 55
15 WU 2547 11.50 29.42 2877 22.85 26.52 60
15 Wy 2547 11.51 29.46 29.12 2276 26.57 58
15 WU 2547 11.52 29.21 28.686 2248 26.50 58
15 wwnpu 2547 11.53 28.71 28.05 22.50 26.53 62
15 w1y 2547 11.54 28.78 2845 22.31 2649 58
15 tuwau 2547 11.55 28.37 27.79 22.23 26.57 62
15 Weuu 2547 11.56 28.33 27.86 2222 26.56 61
15 wesu 2547 11.57 28.34 27.98 2210 26.54 60
15 Wwegu 2547 11.58 28.00 27.33 221 26.61 64
15 LY 2547 11.59 28.24 27.92 22.23 26.62 61
15 WEEu 2547 12.00 28.02 2742 22.24 26.64 64
15 Wy 2547 12.01 28.03 27.57 22.25 26.56 63
15 W 2547 12.02 28.23 28.04 2222 26.54 61
15 LuwIuu 2547 12.03 28.00 27.32 22.26 26.55 64
15 LB 2547 12.04 28.29 27.97 22.24 26.57 60
15 WU 2547 12.05 28.27 27.86 22.214 26.56 61
15 LWwgu 2547 12.06 28.25 27.75 22.19 26.58 62
15 LW 2547 12.07 28.56 28.31 22.10 26.60 58
16 LW Eu 2547 12.08 28.45 28.07 22.08 26.59 60




a1 27 (@8)

105

gl Td 188D _ fnnniu
Fud 1 18 (4) 8 99 Tds | Twi0 | T-Ambient (%RH)
15 WWUU 2547 12.09 28.58 2826 21.56 26.57 55
15 WU 2547 12,10 28.88 28.61 2171 26.53 54
15 LU 2547 1211 28.72 2813 21.51 26.51 55
15 WU 2547 1212 28,98 2867 2165 26.61 54
15 WIEEU 2547 12.13 29.10 28.82 2192 26.64 54
15 WEgu 2547 12.14 28.98 2849 21.73 26.65 55
15 (N¥UU 2547 12.15 29.27 29.06 22.16 26.64 54
15 WEBU 2547 12,16 2929 2903 2210 26.68 55
15 WIWIHU 2547 1217 29.25 28.83 22.09 26.69 56
15 Wway 2547 12.18 29.54 29.31 22.41 26.70 54
15 Wepu 2547 1219 29.38 29.02 22.00 26.78 54
15 NEUY 2547 1220 29.46 29.09 2209 26.75 54
15 WEpu 2547 12.21 29.57 29.20 2230 26.73 54
15 Wwuw 2547 1222 29.35 28.75 2209 26.74 56
15 WU 2547 12.23 2959 29.23 22.33 26.71 54
15 Wwwau 2547 12.24 29.49 2895 2212 26.64 55
15 WWUU 2547 12.25 29.43 2892 2225 26.61 56
15 Weuw 2547 12.26 29.63 29.29 2221 26.68 54
15 Wwuy 2547 12.27 29.34 2867 2224 26.74 57
15 wweu 2547 12.28 29.51 2911 22.36 25.58 56
15 U 2547 12,28 29.54 29.19 2220 2664 55
15 W pu 2547 12.30 29.40 28.86 22.33 26.54 57
15 LuWBU 2547 12.31 2962 29.29 22.32 26.57 53
15 10¥UU 2547 12.32 29.38 28.72 2225 26.63 57
15 LU 2547 12.33 2953 29.19 2240 26.54 56
15 Weou 2547 12.34 29.57 2917 22.29 26.59 55
15 LWWDU 2547 12.35 29.35 28.73 22.40 26,63 58
15 tuwpY 2547 12.36 29.60 29.24 2238 26.61 55
15 i 2547 12.37 2943 28.80 22.36 26.68 57
15 wuwntw 2547 1238 2953 29.05 22.45 26.74 56
15 WwBItw 2547 1239 2963 29.16 22.39 26.71 56
15 WBuw 2547 1240 2948 28.81 22.56 26.69 59
15 LBy 2547 12.41 2973 29.30 22.56 26.66 56




MM 27 (§9)
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goungll Td 198 _ ARt
A/ 1 (W) 834 Tae w10 T-Ambient (%RH)
15 WBnpUd 2647 1242 29.57 29.01 22.51 26.67 57
15 w¥aU 2547 1243 29.62 29.07 22.67 26.64 57
15 WENUU 2547 12.44 29.82 29.42 2258 26.63 55
1510WHW 2547 1245 29.56 28.90 22.65 26.61 59
15 WB¥UU 2547 12.46 2981 29.35 22.71 26.66 56
15 WL 2547 1247 29.76 29.12 2266 26.64 87
15 138U 2547 12.48 29.69 29.09 22.81 26.56 59
fnain 29.13 2869 | 2225 26.62 57.22
WY Td9 wingtis  gunniinazuhzuds
Tw10  wanpfis  anwpinszhnton
T-Ambient winpta  amnpimuuan
@19 28 a‘;ﬂuamﬁﬂmnﬂu-ﬁuﬁa‘quﬁ 30 °c@ 60 %RH
fi'ua'é'f_maoqmﬂqﬁ fi'lmﬁwaaqmﬂgﬂ MR fnutu L e at] Mau
nizithzuds nsuhanilen flafy (% RH) wsdruw | Aewana
(I NTITUR) (S NTALT )
28.69 22.25 6.4 57% RH +5 %RH | + 3 %RH

[y -l - & -
AMATTN 28 RT‘IJNEm'ImﬂﬂaU']G]qmﬂqun 30 MM WTALTHE AUTH 60 % RH 16\”37’]”

waoqmnqﬁm:tﬂ'\:uﬁotﬁ'\ﬁ’u 28.69 IFNLTBLTUR naﬂwaaqmﬁqﬁnmmztﬂun iy 22.25

-t ] - v L . oW W » &
ITLTRENE HadIN AN 6.44 munTohnadef lWundamaedmmuTwane T
o) P y  w
ASTM (The American Society for Testing And Materials) E337 Table X3.1 \ddamutrinnu

57 %RH LifanuwdtUTu £ 5 % RH lidnmuianata + 3 % RH
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15 °C @ 40%RH 16.13 8.40 7.73 32% RH | + 250%RH | +8 %RH
15 °C @ 50%RH 17.12 9.07 805 | 31%RH |+3%RH |+19%RH
15 °C @ 60%RH 16.87 10.47 6.70 41% RH [ + 1 %RH +19% RH
25 °C @ 40%RH 25.37 16.26 8.1 37% RH | + 1 %RH +3% RH
25 °C @ 50%RH 25.09 18.24 6.85 51% RH [ +250%RH | —1% RH
25 °C @ 60%RH 25.40 19.58 5.82 58% RH | +3.50%RH | +2% RH
30 °c @ 40%RH 30.06 20.22 9.84 40% RH + 1 %RH 0% RH
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30 °C @ 60%RH 28.69 2225 6.44 57% RH | +5 %RH +3% RH
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- X v = ™ - - , A -~ -
g\muqum‘uwmﬂmuunmagnf:nﬂﬁ:uﬂoua:nizlﬂﬂnﬂummnu 25.37-16.26 °C snudravldua
[] - 1] Lo - [] ; ki ] B d
FNVBIGUNNUNINND 9.77 AWUIATIIU ASTM E337 fMurmarnutuldtiany 37 % RH %9

J’ L " A L W« oy » - [}
mmmmuqum'mwauwuﬁnnnu 40 % RA ¢ Gudsurawrinny £ 1 %RH uaziidininw

RewaIainny + 3 %RH

a

P ~ & & o e . A dowo
2.5 fAmidiuasounnil 25 °C anuTUENANT 50 %RH mm'm'mmﬂ'lmmulu

L] L'
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q"muqumm%wi’mﬁuunmoﬁnmﬂ’u:uﬁmazmztﬂﬂztﬂuntﬁﬂﬁ‘u 25.09-18.24 °C awdauldna
SN2 UNNAYINY 6.85 MNAATIU ASTM E337 furmanradwldiriiy 51 % RH &4
mm‘mmuqumm%ué’uﬁ'uﬁﬁs:ﬁu 50 % RH 14 érudsusrwrindy + 2.50 %RH uazfidiany
Hawaawinu - 1 %RH

= - - o A e ' &5 ~
2.6 AmMTUSuaIamnnil 25 °C ATUTUAUWNS 60 %RH ArAnuEunIa leniolun

N
g}'muqum‘m%ui’mﬁuunsmm:m:tﬂ'\:uﬁ’ou.a:nmﬂ'l:t‘ﬂum'rhﬁu 25.40-19.58 °C anudeuldna
#197999 NN 5.82 AUINATTIM ASTM E337 fwanauiuldiriiiy 58 % RH
"fmmmmmuQumw%ué’uﬁ'uﬁ'ﬁi:ﬁ‘u 60 % RH ¢ TauUvuUsauvindy £ 3.50 %RH waziimaru
Aawanayiinu + 2 %RH

2.7 ﬁmsﬁ%’m‘?’aqmﬂqﬁ 30 °C MUTUENWNS 40 %RH drauduiielamulu
gfmuqun’nu%wi’mﬁuunmaojnmm:uﬁ’aua:m:tmztﬂunwhﬁ'u 30.06-20.22 °C swdauldaua
A28 YinAL 9.84 GININAITIU ASTM E337 furmianuwldiiniy 40 % RH 4
mm‘mmuqun‘ﬂu%ué’uﬁ'uﬁﬁwd’u 40 % RH ¢ aulsrwrinny & 1 %RH uasfidnanu
HANTISLHINY 0 %RH

2.8 ﬁ'msﬂ%’mﬁqmv\gﬁ 30 °C Amaifuduing 50 %RH fruduiialdmelu
ﬁmuqumﬂu%u"z’mﬁuunmwj’nmﬂﬁ:uﬁ'oua:m:v.ﬂ'u:tﬂunwi'lﬁ'u 29.41-21.43 °C awinavldna
dnavasnamnTinny 7.98 aaanasgiu ASTM E337 dmwamiiaandulddingy 48 % RH
%ammmmuqun‘nu%uﬁ'uﬁ'uﬁﬁizﬁu 50 % RH ¢ fewdssirinny £ 1.50 %RH uazfisnanu
HaWaaLviInLy + 2 %RH

29 ﬁmiﬂ%'mfoqmngﬁ 30 °C AMUIUSURNT 60 %RH fnauwidaldmetn
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AN VBIgNATIANAL 6.44 MUAITIU ASTM E337 fuwrmearudwldiviniy 57 % RH
-'ﬁommsnmuqumm%uﬁ'uﬁuﬁﬁs:é’u 60 % RH ¢ fifuunlsmininy & 5 %RH uaziidnay
HAaWaainAu + 3 %RH

3. uamnmiﬂmﬁumamumwr'i"ﬂﬂﬂmQ’L"B‘m'mn,;moﬁ"nuqm%qﬁua:mm%u
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o J
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& Y - r o o [ e , e
mnwmmuhmanﬂhunéaglul.nm'ﬁﬂ Hsrduazumasuyinny 3.60
3.3 dwnaldiu dimmgmeduganpiiuazanuiuldusaiiunavasgagu
x [ r- « » A o [ o b
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- -~ w o o Y & v o
3.4 dunminim fidmmymeduasmniuazanumldlsfiueava
- g "R - o« I [ W  at L] = . fd
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. . - . - . X oo .
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0 a o . & - [V - 4
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- L N rY z A L [ -
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=] = A ! A o e - L 1 d
mu'lummﬁmmaumuugmuqumww 30 19 (Jumsingunpiinszuhzuisdim af 10
P -~ ~ = P P - [ o~ - A
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. P v A W . e , dEnud X duoa, o o+ AW 14 .A‘v‘..
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e u w A A N eam o - & ' ~ '
gsonazd WlFnuldifiasnn anudunldtiunaudidmvualing 3 mmﬂﬂfmummmmuqu
x 4 4 add I . X o X .
m'm-ﬁu'lﬁ'fmmqmaommnnqnmqammmmw’numu'luﬂmuqumﬁu'ma:ummw'nuuauuaz
¢ a - P g X a5, Y w . > & w
szgnaaadidwmulugaiupuanniugaenuiulhiduhudshldenursmeluganas
- fd 1 :‘ n' - (-4 a [ et A‘
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REANADINUNOBIvaIauss dulan (2528 : 360) Gasmmnanutiuuszfuaime tdpanise:
- = ~ o > YRR | .~ -~ Py [ .
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s [ [ P | o J’ A ) ol ) r"
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Wunuan mamuﬂ’nu-numu'lu'[smamﬂuua'luqm“qumm HANTINARBLIIBAILANATAAN]
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a - - o X a X A
N 53.5 2IAUTRLTUFMRAADY 27.5 asrnaraidad laulaanuTuwiAnaw 13 % Wadatnns
3
TTUN88 A 1.125 m /s

2. ﬂs:ﬁ*n‘ﬁmwmsﬁﬁmm%maac;j’muqum‘nwfuuuu‘l’ﬁé‘anﬁhﬁnﬁ 25 °C @ 40%
25 °C @ 50% RH, 25 °C @ 60% RH uaz 30 °C @ 40 %RH, 30 °C 50% RH,30 °C @ 60% RH
Tafnaumail vawua 11 W qﬂﬁmo ’S'Wi'lqruvsqﬁmulumuﬁ%mmamﬁng:fmuqumw%u
q@ﬁ 1 9 lunriegamgiinssizuisdm '\Iﬂﬁ 10 Wlumsiaamnnlinazuhailon qmﬁ 11 1ilu
n’mnﬁvuL'?'lr.luﬁ"uqquﬁmuuanﬁmuqumw‘ﬁ’u dﬂa‘mﬂqﬁmﬁuﬁfﬂﬁaghmm‘rf VAN
sy Sadwllanuunasgiu ASTM E337 (Method B) smansalfawle w16 1 miaild
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Lﬁaomnﬁ’la‘mnqﬁﬁmﬂﬂ’é‘uuuﬂaoeioua'lﬁ'm’m%uma TACIER) %«i’]u‘lﬂmunnvﬁﬁﬁd‘mﬁ'm
suumsTagunpiivenan lroaiad. (2542 - 128) tdnddmnaduirlwaimenin anuau
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hidarmeawn mnmaﬁé’méﬂmlﬁ'nammmaei’mmqquﬁuazmﬁu%uﬁu'a 6 findiLlstEmBnw
aunan sasor gl LWﬂ:‘ﬂ'u'uaaqm%qﬁﬁi’mag‘lwﬂwa‘mﬂqﬁgoﬁa 25 °C war 30 °C
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nszua Wi Inanagan uanidwllmuanaspunfaimsigaemnysy (uan. 455-2537 dninsu
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VIR (W) T4 T2 T3 T4 TS T6 T7 T8 T9 T10 T11
13.14 15.48 1547 1567 1649 1597 1630 154 1623 1588 8.08 26.56
13.15 15.61 1558 1573 1654 1605 1633 1598 1625 1594 819 26.55
13.16 1586 1569 1581 4661 1617 1641 16.07 1631 16.04 826 2645
13.17 16.1 1581 1593 1665 1632 1648 1613 16356 16.15 837 2640
13.18 16,17 1594 1601 1668 1636 1653 1619 1640 1627 849 2644
13.19 16.31 16.05 1606 16,73 1645 1659 16.31 16.48 16.32 8.59 26.44
13.20 16.45 16.15 1619 1680 1653 16.62 1638 1653 1639 8.68 2645
13.21 16.57 1622 1626 1685 1661 1672 1640 1653 1653 876 26.50
13.22 16,73 1635 1835 1692 1664 16.77 1649 16.61 16.60 8.84 26.51
13.23 16.75  16.41 1638 17.01 1679 1686 1662 1668 1662 892 26.41
13.24 16.85 16.51 16.50 17.06 16.82 1693 1669 1678 1671 B899 26.20
13.25 1694 1656 1658 1713 1685 1697 1672 1680 1680 907 26.45
13.26 1695  16.61 16,60 17.16 1688 17.03 1678 16.87 1685 918 2623
13.27 1698 16.69 1667 1720 1696 17.07 1685 1693 1690 919 2645
13.28 17.01 1668 1673 17.27 1699 1713 1686 1697 1692 924 26.15
13.29 17.04 1675 1674 1730 17.01 1745 1684 1695 1696 927 26.50
13.30 16.97 16.77 1676 17.34 17.05 1718 1693 1702 1701 929 2645
13.31 16.97 16.80 1678 1738 17.07 1719 1695 17.07 1694 926 2645
13.32 16.92 1679 1682 1739 1712 17.24 1695 17.11 16.92 . 9.26 2640
13.33 1683 1678 1683 1742 1711 17.27 1693 17.11 16.95 923 26.31
13.34 16.68 1672 1680 t7.42 17.07 1726 1696 .17.10 1691 920 2647
13.35 16.66 1673 1680 1743 17.09 1727 1696 1714 1693 923 26.54
13.36 16.56 16.69 1679 1743 17.08 1728 1693 1716 1686 913 26.60
13.37 16.46 1668 1675 1743 17.02 1727 1689 1715 1684 9.09 2647
13.38 16.30 1655 1671 1743 17.03 1725 1690 17.16 1680 9.06 26.48
13.39 1622  16.51 16.70 17.43 1698 1723 1689 1717 1674 898 2628
13.40 16.14 1646 1667 1743 1691 17.20 1675 17.13 1676 893 2645
13.44 1597 1639 1661 1742 1686 17.20 16.71 17.13 1667 885 26.48
13.42 1585 1635 1658 17.39 1684 1716 16.69 1707 1657 878 2651
13.43 1573 1626 16,57 17.38 1679 17.18 16.65% 1706 1652 871 26.53
13.44 15.57 1617 1647 1733 1663 17.08 1658 1705 1645 866 26.37
13.45 1540 1603 1638 17.28 1654 17.06 16.52 17.00 16.35 860 26.64
13.46 1529 1598 1632 17.22 16.51 17.01 1651 16.98 1629 856 26.62
13.47 15.21 1594 1628 17.21 1645 1696 1644 1694 1626 849 26.45
13.48 15.05 1581 16.20 1715 1633 1691 1636 1688 16.21 845 26.54



a1719 35 (da)
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LI87 (u) T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
13.49 1493 1575 16.09 17.11 16.28 1688 16.31 1684 16,10 838 26,23
13.50 1477 1566 1604 1709 1624 1683 1623 1678 16.04 832 26.36
13.51% 1467 1556 1600 1702 1611 1679 1622 1676 1597 826 26.32
13.52 1467 1547 1593 1699 1602 1671 16.09 16.71 15.87 818 264
13.53 1440 1536 1582 1692 1593 1667 1603 1662 1586 813 2621
13.54 1429 1527 1577 1688 1580 1663 1598 16.60 1573 8.06 26.26
13.55 1420 1521 15.71 1683 1577 1657 1592 1653 1573 8.01 26.29
13.56 1407 1511 1561 1677 1560 1650 1586 1646 1562 793 2634
13.57 13.99 1502 1551 1671 1561 1650 15.81 1640 1555 7.88 26.37
13.58 133 1496 1551 1665 1551 1642 1574 1639 1552 7.81 26.39
13.59 13.87 1489 1542 1658 1540 1637 1568 1634 1548 7.76 2659
14,00 13.82 1484 1536 1654 1527 1632 1564 1625 1539 7.70 2661
14.01 13.78 1478 1529 1645 1528 1626 1560 1622 1530 764 26.64
14.02 13.76 1474 1527 1640 1520 1621 1547 1618 1526 759 2650
14.03 13.78 1470 1523 1637 1514 1620 154 16.12 1527 7.57 26.51
14.04 13.76 1466 1519 16.31 15.08 1611 1538 16.05 1518 7.50 26.49
14.05 13.80 1464 1515 1629 1519 1608 1537 1603 1519 749 26.51
14.06 13.84 1464 1514 1630 1529 1609 1541 16.05 1519 744 2653
14.07 1386 1465 1511 1627 1526 16.06 1537 16.00 1520 747 2645
14.08 13.95 1467 1511 1624 1528 1605 1539 1598 1520 . 745 26.50
14.09 14.04 1470 1516 1625 1528 1598 1541 1598 1525 746 2639
14.10 1412 1477 1517 1621 153 16.03 1544 .1598 1526 7.44 26.45
14.11 1425 1479 1519 1622 1536 1606 1544 1598 1535 751 2622
14.12 14.38 1488 1523 1623 1542 1601 1549 1599 1533 751 2624
14.13 1450 1490 1525 1626 1552 1607 1552 15985 15356 7.55 2625

ﬁ"ll.ilgu 1540 1578 1604 1690 1624 1671 1623 1662 16.13 8.40
i 1.19 0.77 0.60 0.42 0.69 0.43 0.556 0.41 063 064

iﬁ Il

fi"lﬂ\“}ﬂ 1704 1680 1683 1743 1712 1728 1696 17147 17.01 829

Fi'l@i'\t}ﬂ 13.76 1464 1511 1621 1508 1598 1537 1595 1519 7.44,

HATY 3.2 2.16 1.72 1.22 2.04 1.30 1.59 1.22 1.82 1.85
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@179 36 ﬁ;ﬂwamﬁﬂmm'\u%uﬁqmnqﬁ 15 °C@ 40%RH

e “ e n A | e
'mn'm‘l.m‘}mmen 10 Lﬂuqquum:l.ﬂﬂ:fﬂun

' = a ' i - . ' & d ' '
dnadurasgonndl | Aveforewguugll | wadn | danmusuads fany AN
v . ) a
nizthzuva ns=ihsSen faag ( % RH) wlsdsm | Hewae
(EN?I'“‘D'RL“D’UH) (ﬂ\’ﬂ'\'-'ﬁatfﬁﬂﬂ)
16.13 8.40 7.73 32% RH +2 50%RH +8%RH
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VI8 (W) T T2 T3 T4 T5 T6 T7 T8 T9 T10 T114
7.7 1470 1266 1742 1724 1554 1718 1614 1740 1649 B55 26.30
17.18 14.81 1289 17.39 17.22 1560 1726 16.06 17.34 1658 8.57 26.34
17.19 1480 13.09 17.35 1724 1671 1728 1610 1736 1664 858 26.35
17.20 15.00 1328 17.36 1727 1586 17.39 16.10 1733 1668 858 26.41
17.21 15.20 1353 17.37 1729 1592 1750 1612 1732 18.75 857 26.31
17.22 1534 1375 1742 17.38 16.05 17.51 16.09 1734 1684 B60 26.2%
17.23 1544 1400 1742 1742 1619 17569 1618 17.39 1688 864 26.19
17.24 1560 1418 1746 1751 1628 1762 16.22 1740 1697 867 26.20
17.25 15.72 1440 1746 1751 1637 1766 16.26 17.41 17.02 869 26.31
17.26 1584 1462 1748 1758 1647 1776 1629 1745 1713 876 26.34
17.27 15.96  14.81 17.46 1761 1658 1777 1640 1748 1717 880 26.25
17.28 1807 1495 1753 1770 1669 1785 1640 1754 1717 B79 26.36
17.29 16.20 1519 1756 17.75 1679 1793 1648 1757 1731 B.87 2623
17.30 16.27 1533 1761 1783 1694 1807 1655 1759 17.31 888 26.35
17.31 16.31 1547 1765 17.89 1696 18.08 16.57 1762 1736 893 26.34
17.32 16.45 1563 17.67 1791 1706 1820 1658 1767 1746 9.00 26.21
17.33 16.47 1572 17.67 1791 1713 1824 1664 17.71 17.53 9.01 2631
17.34 1655 1582 1765 1790 1718 1827 16.68 17.71 17.55 9.04 2634
17.35 16.65 1591 1771 1799 1727 1834 1676 1776 1760 - 912 26.31
17.36 1666 1598 17.71 18.00 1732 1833 1675 1775 1761 914 2635
17.37 16.67 16.01 1773 1803 1729 1838 1676 -17.76 1766 920 2636
17.38 1669 1608 1773 1804 1735 1839 1679 17.81 1765 926 26.28
17.39 16.73 1612 17.71 18.03 17.37 1841 16.83 17.81 17.60 927 26.29
17.40 1673 1614 17.76 1810 17.35 1844 1680 17.82 1760 927 2631
17.41 1666 1610 17.75 1812 1732 1849 1679 17.81 17.66 927 2624
17.42 1664 1607 1770 1809 17.28 1841 1679 17.77 1758 932 2626
17.43 16.60 1608 17.73 18.07 17.25 1838 16.81 17.80 1760 9.39 26.27
17.44 1654 1599 1772 1808 1720 1838 1678 17.81 17.56 940 2621
17.45 1648 1589 1766 1805 17.15 1835 1674 17.78 1757 941 26.20
17.46 1642 1585 1765 18.02 17141 1829 1676 1774 1748 944 26.31
17.47 16.38 1584 1763 1795 1704 1824 1675 1774 1746 946 26.35
17.48 16.33 1578 17.63 1796 17.01 18.26 16.66 17.71 17.47 944 2630
17.49 16.23 1561 17.57 1791 1693 1822 1664 1766 1736 939 26.38
17.50 1615 1555 1753 1789 1686 1813 1660 17.62 1730 942 2634




@TN 37 (da)
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IR (W) T T2 T3 T4 T5 T6 T7 T8 T9 T10 T1
17.51 16.13 1553 1751 1786 1682 1814 1657 17.61 17.28 944 2624
17.52 16.06 1547 1748 1781 1673 1810 18.51 17.57 1730 939 26.39
17.53 1692 1524 1741 17.71 1668 1796 1646 1750 1717 935 26.31
17.54 1586 1520 1733 1764 1663 1791 1647 1749 17.08 940 2645
17.55 15.81 1517 1735 1765 1658 1789 1640 1746 1710 936 26.28
17.56 1577 1516 1728 1765 1648 1784 1639 1742 17.08 935 26.24
17.57 15.74 1514 17.31 1764 1648 17.77 1637 1740 1699 927 26.28
17.58 1570  15.01 17.26 1756 1648 1774 1635 17.37 1692 923 26.28
17.59 15656 1499 1722 1752 1639 1768 1628 1733 1694 921 26.23
18.00 1563 15.01 1718 1750 1639 1763 1626 1730 1690 915 26.28
18.01 1558 1496 1717 1747 1637 1767 1628 1729 1685 9.12 2624
18.02 1558 1483 1714 1745 1628 1756 1622 1724 1674 910 26.21
18.03 1560 1492 17142 1742 1622 1753 1616 17.20 16.81 914 2630
18.04 1556 1494 17.09 1741 1625 1760 1615 1718 1681 913 26.31
18.05 1558 1499 1707 1733 1630 1762 1617 1718 1678 9.09 26.35
18.06 1563 1496 1706 1736 1626 1763 1614 1715 1678 908 26.34
18.07 15.61 15.02 17.02 17.32 1625 1762 1613 1716 1680 9.08 26.27
18.08 1566 1512 1698 1729 1628 1764 1611 1712 1679 903 26.26
18.09 1566 1518 17.02 1733 1632 1763 16815 1713 1675 903 26.24
18.10 1572 1524 17.07 1737 1628 1755 1615 1716 16.82 _ 901 26.35
18.11 1576 1532 17.02 1735 1633 1762 1612 1715 1684 B9 2621
18.12 15.78 1537 1700 1735 1643 1762 16.14 _17.11 16,80 8.95 26.20
18.13 1583 1545 1706 1738 1642 1764 1617 1714 1680 894 26.14
18.14 1588 15556 1707 1738 1645 1766 1615 1716 1691 8.96 26.15
18.16 1590 1559 1700 17.31 1646 1767 16.19 1715 1689 893 26.21
18.16 15.91 1565 17.03 17.37 1656 17.72 1624 1716 16980 893 26.12

Fhmﬁﬂ 1595 1516 1740 1765 16.63 1789 1641 1747 1712 9.07

1 0.50 0.82 0.25 0.29 0.47 0.35 0.26 0.24 0.34 027

L'ljﬂxll-'.l.lu

f'hg\'l?fﬂ 16,73 1614 1776 1812 1737 1849 1683 1782 1766 9.46

Fi‘!@"i'lqﬂ 1470 1266 1698 1722 1554 1718 16.06 1711 1649 855

HEE 203 3.48 0.78 0.90 1.83 1.31 0.77 0.71 1.17 0.91
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A (W) T4 T2 T3 T4 T5 T6 T7 T8 T9  TI0  TI1
2125 1597 1560 1705 47.39 1645 1760 1638 17.17 1686 1018 26.14
2126 1600 1567 17.06 17.37 1647 1754 1632 17.14 1685 1019 26.10
2127 1599 1570 17.05 17.39 1647 1752 1627 17.43 1683 1019 26.00
2128 1598 1563 1704 17.38 1645 1753 1632 17.14 1681 1017 26.15
2120 1601 1567 17.08 17.38 1649 1755 1633 17.16 1686 1019 26.18
2130 1603 1572 17.07 17.39 1651 1761 1633 1718 1687 1019 26.10
2131 1600 1565 1702 17.39 1649 1756 1629 17.16 16.82 1019 26.20
2132 1600 1569 17.08 17.38 1647 17.58 1632 1717 16.83 1020 26.21
2133 1602 1566 17.08 17.36 1649 1757 1632 1716 1690 1022 26.24
2134 1601 1570 1707 1740 1650 17.61 1628 1715 1686 1019 2627
21.35 1595 1562 17.02 17.35 1644 1757 1627 1742 1679 1021 26.16
2136 1600 1566 17.04 17.35 1646 17.57 16.33 1712 16585 1023 26.15
2137 1598 1565 17.07 1740 1654 17.63 1634 1716 1690 1023 26.21
2138 1596 1561 17.06 1743 1649 1763 1628 1713 1688 1021 2624
2139 1595 1565 17.07 17.40 1646 1760 1630 1713 1685 1023 26.26
2140 1599 1566 17.11 1742 1645 1759 1632 17.14 16.90 1022 26.21
2141 1594 1562 1709 1743 1646 1759 1627 1714 1690 1018 26.20
2142 1594 1563 17.08 1743 1644 1756 1628 17.14 16.85 1020 26.19
2143 1594 1563 1709 17.44 1639 17.52 1627 1713 1684 1019 26.14
2144 1594 1562 17.08 1742 1647 1760 1628 1714 1683 1017 2618
2145 1596 1568 17.07 1743 1651 1765 1630 1718 16.89 1017 26.15
2146 1593 1564 17.07 1745 1648 17.65 1626 17.15 16.88 10.17 26.13
2147 1594 15864 17.09 17.44 1646 1767 1629 1713 1692 1015 26.09
2148 1598 1567 1713 17.46 1646 1761 1633 1717 16.89 1013 26.14
2149 1589 1552 17.08 1745 1638 1756 1627 1715 1683 1016 2620
2150 1586 1550 17.05 17.40 1638 17.50 1624 17.08 1677 10.19 26.13
2151 1592 1557 17.09 17.43 1639 1754 1627 1709 16.83 1020 26.10
2152 1594 1560 17.09 1742 1644 1755 1631 1712 16583 1020 26.47
2153 1588 1551 17.06 1740 1635 17.51 1627 17.08 1679 1020 26.24
2154 1587 1554 17.07 1742 1641 17.61 1623 17.08 1681 1023 26.13
21.55 1593 1558 1710 17.41 1635 17.53 1626 17.08 1685 10.23 26.24
21.56 15.92 15.61 17.08 17.40 16.43 17.58 16.27 17.09 16.90 10.20 26.28
2157 1590 1557 17.08 1743 1642 1758 1624 1743 1682 1018 2621
2158 1592 1563 17.09 1742 1642 17.53 1625 17.11 1680 1018 26.15
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I8 (W) T1 T2 T3 T4 T5 TG T7 T8 T9 T10 T11
21.59 1595 1662 1710 1741 1645 1756 16.26 17.11 16.86 1017  26.20
22.00 1596 1668 1712 1744 1647 1755 1625 1713 1686 1016 26.19
220 1591 1560 1712 1742 1646 1759 1620 1709 16.81 10.17  26.14
22.02 1595 1568 1708 1740 1644 1759 1625 1713 1685 1047 26.12
22.03 1598 1568 17.09 1739 1645 1762 1629 1715 1688 1018 2624
22.04 1596 1569 1710 1743 1648 1760 1627 17.11 16.86 1016 26.24
22.05 1597 1570 1708 1739 1650 1763 1628 1713 16.83 1018 26.26
22.06 16.01 1573 1713 1746 1652 1762 1627 17.11 16.91 10.15 2617
22.07 16.07 1568 1714 1746 1657 1763 1633 1713 1690 1015 26.11
22.08 16.10 1569 1711 1745 1656 1763 1631 1717 1688 10.14 26,13
22,09 1606 1568 1711 1745 1655 1758 1627 1717 16.88 1017 26.19
22,10 16,10 1566 1715 1748 1654 17.63 1634 1718 1690 1013 26.15
2211 16.13 1667 1717 1748 1655 1763 1634 1719 1696 10.18 26.11
2212 16.09 1567 1712 1748 1659 1768 1632 17147 1692 10.16 26.10
22,13 16.07 1568 1712 1750 1656 1766 1632 1715 1693 1014 2619
2214 16.11 1568 1713 1745 1658 1768 1635 17,20 1692 1012 26.09
22.15 16.10 1568 1716 1750 1658 17.67 1635 1719 1695 1016 2623
22,16 16.04 1563 1717 1752 1658 1769 1632 17.18 169 1013 26.24
2217 16.08 15,64 1714 1747 18655 17.71 1636 17.21 16.95 1012 26.16
2218 16.09 1560 1718 1748 1652 1768 1635 1718 1697 . 10.12 2620
22.19 16.06 15.61 17.14 1747 1655 1763 1638 1718 1693 10.14 26.26
22,20 16.05 1563 1714 1749 1654 1763 1635 1719 1690 10.13 28.18
2.1 16.01 1554 1718 17.5¢ 18582 1760 18633 1717 1690 1011 26.16
2222 16.06 1557 1714 1747 1650 1756 1634 1717 1691 10.13 26.15
22.23 16.00 145655 1712 1749 1650 1757 1634 1719 16.92 1016 26.17
2224 16.00 1556 1711 1747 1654 1762 1633 1717 16.89 1014 26,14

fhmﬁ'u 1599 1564 17.10 1743 1648 1760 16.30 17.15 1687 1017

i 0.07 0.05 0.04 0.04 0.06 0.05 0.04 0.03 0.05 0.03

Lﬁuomu

'r'hij\'lffﬂ 16.13 1573 1718 1752 1668 1771 1638 17.21 1697 10.23

Fi’l@'i’lf!@i 1586 1550 1702 1735 1635 1750 1620 17.08 1677 10.11
HAF1 0.27 0.23 0.16 0.17 0.24 0.21 0.18 0.13 0.20 0.12
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AT 41 Namsﬁ'uﬁnfhqnmqﬁm‘:uh:l‘{lunua:niztﬂ‘l:uﬁoﬁ 25 °C @ 40% RH

R 13 Lwneu 2004
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1387 (U) T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
14.05 2543 2560 2584 2622 2577 2607 2574 2618 2569 1655 2626
14.06 2542 2554 2580 2618 2575 2602 2573 26.16 2563 1652 26.24
14.07 2541 2654 2583 2619 2566 2597 2571 2621 2561 1655 26.21
14.08 2534 2550 2576 26.15 2668 2598 2567 2617 2559 1653 26.30
14.09 2529 2547 2571 2615 2568 2595 2568 26.15 2555 1652 26.31
14.10 2530 2645 2572 2643 2567 2596 2564 2610 25.51 1643 26.34
14.11 2528 2541 2569 2610 2562 2591 2560 2607 2549 16.39 26.35
14.12 2522 2535 2559 26.08 26561 2588 2558 2605 2537 1633 26.37
14.13 2516 2533 2556 26.06 2558 2584 2555 2598 2538 1640 26.33
14.14 2515 2530 2559 26.06 2553 2579 2553 26.00 2538 1638 26.31
14.15 2512 2525 2549 26.00 2551 2877 2449 2597 2531 16.32 26.31
14.16 2505 2522 2544 2597 2552 2577 2544 2595 2525 1629 26.32
14.17 2503 2520 2545 2595 2551 2573 2545 2593 2522 1628 2637
14.18 25.03 2517 2643 2593 2547 2573 2539 2589 2516 1623 26.25
14.19 2498 2513 2538 2591 2543 2570 2538 2589 2522 1624 26.28
14.20 2492 25610 2531 2592 2545 2569 2539 2586 2515 16.18 2624
14.21 2491 2508 2533 2585 2541 2560 2536 2882 2508 1614 26.34
14.22 2490 2505 2531 2591 2536 2559 2531 2579 2509 1609 26.33
14.23 2486 2501 2525 2584 2531 2553 2531 2580 2512 T 16.09 26.37
14.24 2482 2497 2520 2579 2534 2552 2528 2574 2502 1605 26.31
14.25 2483 2497 2518 2577 2533 2552 2530 °2575 2497 1602 2638
14.26 2485 2498 2522 2576 2530 2550 2526 2573 2506 16.04 26.35
14.27 2485 2502 2520 2574 2530 2549 2526 2575 25.05 16.04 26.30
14.28 2482 2498 2519 2573 2533 2548 2526 2567 25.04 15.99 26.28
14.29 2485 2497 2519 2569 2530 2545 2526 2568 25.01 1596 26.29
14.30 2482 2497 2518 2572 2527 2544 2524 2564 2506 16.00 26.27
14.31 2483 2499 2518 2570 2529 2546 2526 2566 2504 16,01 2625
14.32 2483 25,00 2519 2572 2531 2545 2530 2565 25.02 16.01 26.34
14.33 2491 2503 26526 2574 2533 2551 2529 2560 2507 16.00 26.34
14.34 2488 2505 2522 2573 2530 2546 2525 2562 2513 16.03 26,37
14.35 2492 2509 2521 2573 2534 2549 2532 2565 2514 16.07 26.35
14.36 2498 25,09 2527 2571 2536 2547 2535 2562 2514 16.05 26.24
14.37 2503 2512 2632 2574 2539 2552 2535 2565 2521 16.07  26.21
14.38 2504 2517 2529 2572 2539 2554 2537 2568 2525 16.09 26.23




AT 41 (da)
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LA (W) T1 T2 T3 T4 TS T6 T7 T8 T9 T10 T11
14.39 2506 2521 2531 2578 2542 2556 2542 2568 2524 1609 2622
14,40 2510 2524 2535 2576 2547 2558 2643 2571 2526 16.09 26.25
14.41 2517 2529 2539 2580 2547 2561 2545 2678 2535 1611  26.24
14.42 2518 2532 2538 2580 2548 2565 2547 2579 2539 1612 2624
14.43 2521 2537 2544 2584 2554 2564 2553 2579 2540 1614 26,29
14,44 2526 2541 25,50 2584 2558 2568 2554 2579 2542 16.15 26.27
14.45 25.29 2646 2555 2589 2557 2570 2554 2581 2546 1619 26.26
14.46 2533 2550 2652 25690 2561 2572 2561 2583 2554 1622 26.24
14.47 2537 2554 2556 2593 2566 2573 2667 2583 2554 1625 26.23
14.48 2542 2656 2557 2693 2566 2574 2565 2587 2557 1627 26.21
14.49 2548 2560 25658 2598 2570 2578 2568 2591 2559 1628 26.20
14.50 2544 2561 2562 2599 2573 2581 2570 2589 2562 1636 26.31
14.51 2549 2564 2565 2598 2577 2583 2576 2594 2560 16.37 26,29
14.52 25,51 2666 2569 26.02 2577 25B6 2573 2592 2571 16.44 26.28
14.53 2553 2569 2568 26.01 2577 2586 2575 2585 2568 1642 2631
14.54 2551 2572 26,67 26,03 2580 2588 2580 2599 2565 16.3% 26.29
14.55 2559 2571 2573 2607 2583 2589 2579 2597 2567 1643 26.20
14.56 2561 2575 2572 2607 2581 2591 2579 2599 2572 1642 2611
14.57 2555 25,69 25,65 26.08 2578 2590 2577 2600 2563 1644 26,10
14.58 2553 2570 2567 2610 2581 2594 2581 2598 2585 | 1649 26.09
14.59 2552 2568 2569 2611 2583 2591 2583 26.02 25.61 16.52  26.27
15.00 2554 2569 2569 2608 2581 2590 2580 2602 25.63 1651 26.28
15.01 2549 2568 2566 2609 2580 2589 2579 26.01 2560 1651 26.22
15.02 2551 2570 2568 2612 2584 2590 2580 26.00 2555 1648 26.23
15.03 2650 2567 2568 2611 2584 2591 2578 2597 2555 1646  26.21
15.04 2547 2565 2566 2610 2580 2590 2577 2599 2555 1645 2624

ﬁ"\tﬂ‘é’ﬂ 2620 2535 2548 2593 2556 2572 2553 2588 2537 16.26

0 0.26 0.27 021 0.16 0.19 0.18 0.20 0.16 0.24 0.19

tﬁu-:mu

Fh'ﬁﬂi!ﬂ 2561 2575 2584 2622 2584 26.07 2583 2621 2585 1655

Fi'l@'i‘\fjﬂ 2482 2497 2518 2569 2527 2544 2524 2560 2497 1596

HAR 0.79 0.78 0.66 0.53 0.57 0.63 0.59 0.61 0.88 0.59
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At (w) T T2 T3 T4 T5 T6 T7 T8 T9  T1I0 TN
1811 2520 2624 2374 2441 2550 2414 2472 2421 2469 1823 26.30
1812 2523 26.37 23.82 2448 2563 2420 2481 2428 2474 1819 2624
1813 2522 2615 2378 2450 2555 2417 2479 2434 2467 1810 26.28
1814 2512 2618 23.62 2445 2554 2417 2473 2424 2467 1818 26.26
1815 2519 2638 2390 2453 2558 2424 2481 2433 2482 1817 2627
18.16 2547 2640 23.96 2458 2567 2428 2484 2439 2478 1810 26.28
1817 254 2623 2380 2442 2558 2423 2480 2432 2460 1815 2624
1818 2532 2644 2389 2458 2565 2431 2484 2437 2492 1817 26.30
1819 2537 2672 2401 2468 2579 2436 2491 2447 2498 1811 26.34
1820 2531 2653 2389 2456 2572 2428 2492 2444 2474 1812 2636
1821 2553 2674 2400 2464 2585 2436 2496 2450 2491 1823 26.21
1822 2558 26.88 2411 2475 2692 2445 2498 2456 25068 1825 2624
18.23 2553 2672 2410 2475 2589 2441 2501 2459 2499 1834 2635
1824 2551 2690 24.15 2480 2594 2446 2504 2458 2498 1832 2626
1825 2566 27.03 2421 2483 2604 2455 2510 2466 2514 1826 26.31
18.26 2571 2696 2423 2488 2599 2456 2508 2469 2506 1825 2625
1827 2575 2697 2431 2486 2604 2450 2515 2466 24.97 1824 2628
1828 2574 2712 2431 2495 2612 2459 2516 2472 2513 1826 2629
1829 2567 2711 2425 2495 2612 2463 2518 2476 2517 " 1822 2624
1830 2563 27.04 2428 2492 2601 2460 2511 2472 2509 18.30 26.21
1831 2574 27.07 2437 2496 2614 2468 2518 ‘2475 2533 1831 2631
18.32 2572 27.09 2440 2503 2617 2474 2523 2480 2528 1824 26.25
1833 2561 2693 2428 2491 2601 2465 2517 2474 2507 1828 2628
18.34 2568 27.07 2438 2498 2607 2467 2521 2480 2521 1830 26.33
1835 2572 27.24 2446 2507 2616 2475 2529 2486 2525 1827 26.31
1836 2566 26.96 24.30 2494 2601 24.68 2525 2483 2517 1828 26.29
1837 2564 27.01 2437 2499 2603 2469 2526 2481 2522 4834 2632
18.38 2566 27.09 2451 2506 2610 2477 2530 2490 2534 1835 2634
18.39 2561 27.04 2451 2512 2613 2480 2530 2489 2523 1829 2637
1840 2558 27.05 2444 2502 2607 2473 2524 2484 2520 1835 2635
18.41 2563 2711 2447 2505 2608 2479 2527 2492 2532 1838 26.34
18.42 25.62 2711 24.53 2510 26.11 24.84 25.27 24.91 25.31 18.30 26.31
1843 2547 2680 2440 2501 2597 2474 2525 2485 2505 1831 26.30
1844 2555 2694 2443 2507 2602 2482 2525 2490 2518 1835 26.31
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(W) T T2 T3 T4 T5 T6 T7 T8 T9 TH0 T
18.45 25.63 27.02 2448 2514 26.06 24.84 25.29 2495 2529 18.37 26,35
18.46 2547 26.68 2438 2503 2594 24.74 25.27 24.87 25.03 18.29 26.38
18.47 25.58 26.81 2439 2503 26,03 2477 25.25 24,87 25.09 18.21 26.34
18.48 25.63 26.87 2442 2508 26.01 24.81 25.30 24.93 25.32 18.31 26.29
18.49 25.56 26.64 2446  25.07 2592 2479 2524 24.83 2525 18.26 26.21
18.50 25.58 26.67 2440 2499 2594 24.75 25.20 2472 25.11 18.31 26.38
18.51 25.61 2678 2445 2507 26.00 24.80 25.24 2480 25.28 18.30 26,37
18.52 25.58 26.72 2452 25611 25.96 24.85 25.22 24.88 25.23 18.22 26.31
18.53 25.50 26.62 24.51 2499 2587 2478 25.20 24.83 25.06 18.25 26.34
18.54 25.56 26.81 24,55 25.06 25.97 24.86 25.28 24,92 2511 18.28 26.26
18.55 25.60 26.79 24.52 25.09 26.01 24.87 25.27 2493 25.20 18.22 26.24
18.56 25.52 28,59 2442 2500 25.88 2481 25.19 24.84 25,09 18.23 26.27
18.57 25.56 26.71 2447 251 25.97 24.85 2524 24,92 25.20 18.26 26,26
18.58 25.65 26.71 2444 2510 26.03 24.90 25.28 24,94 2523 18.23 26.21
18.59 25.62 26,50 2436 2509 25.90 24 .80 25.22 24.86 24 .96 18.22 26.23
19.00 25.69 2660 2444 2504 25.98 24.82 25.25 24.95 25.15 18.26 26.27
19.01 25.68 26.63 2452 2510 26.01 24.88 25.27 24,96 2519 18.19 26.21
19.02 25.64 26.35 24.39 2502 2531 24.80 25.26 24.89 24,97 18.18 26.23
19.03 25,74 26.54 24.40 25.04 25.96 24.84 2525 2492 25.23 18.25 26.19
19.04 2577 26.65 24.54 25.15 26.01 24.91 25.23 2495 25.28 18.18 26.24
19.05 25,58 26.36 2439 2504 2597 24.88 25.26 24.92 25.10 18.17 26.23
19.06 25,69 26.56 2442 2510 2593 24.90 2524 2493 25.16 18.20 26.21
19.07 25.69 26.58 2443 2513 26.05 24.95 25.24 24.98 25,23 18.16 26.21
19.08 25.59 26.48 2442 25.04 2592 24.84 25.22 24.91 25.05 18.19 26.19
19.09 25.62 26.64 2446  25.15 2599 2487 25.28 24.98 25.16 18.16 26.28
19.10 25.65 26.46 2444 2510 2598 2493 26.22 24.97 25.17 18.20 26.21

Anodn 2556 2674 2430 2493 2594 2466 2515 2475 2516 18.24
i 017 028 023 021 016 023 017 022 049 0.07

tﬁmmu

fIGIFa 2577 2724 2455 2515 2617 2495 2530 2498 2534 1838

Mdnge 2542 2615 2374 2441 2550 2414 2472 2421 2460 1810

MR 065 109 081 074 067 081 058 077 074 028
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a7 45 wansuunndngampiinszsitlonussnssuhzuian 25 °C @ 60% RH

Jufi 13 wweu 2004

150

DA (W T T2 T3 T4 TS T6 T7 T8 T9  T10 T
2224 2560 2593 2500 2569 2587 2570 2561 2559 2529 1950 26.13
2225 2547 2600 2504 2563 2585 2563 2551 2551 2520 1951 26.14
2226 2547 2604 2510 2566 2591 2569 2553 2554 2540 1950 26.24
2227 2530 2551 2502 2553 2561 2558 2547 2548 2513 1952 26.15
2228 2523 2566 2496 2547 2550 2552 2538 2542 2508 1953 26.20
2229 2524 2572 2500 2553 2560 2556 2535 2545 2524 1951 2623
2230 2508 2525 24.89 2531 2538 2537 2529 2528 2482 1954 26.09
2231 2503 2532 2490 2532 2533 2540 2520 2526 2494 1954 2620
2232 2508 2645 2493 2538 2542 2546 2519 2533 2508 1964 2623
2233 2497 2514 2485 2529 2525 2532 2511 2524 2478 1956 26.21
2234 2496 2528 2484 2525 2525 2531 2513 2520 2485 1954 2624
2235 2500 2540 2487 2532 2534 2535 2513 2527 2506 1952 26.20
2236 2497 2516 2479 2520 2521 2528 2507 2521 2476 1955 26.23
2237 2504 2540 2481 2522 2529 2528 2505 2517 2483 1947 2625
2238 2514 2553 2491 2531 2543 2536 2509 2521 2506 1943 26.26
2239 2500 2525 2484 2525 2532 2534 2508 2519 2491 1952 2629
2240 2499 2538 2478 2520 2535 2533 2499 2513 2490 1953 26.24
2241 2500 2541 2485 2525 2544 2535 2503 2516 2500 1951 26.23
2242 2489 2504 2473 2510 2520 2525 2501 2509 2466 " 1950 26.21
2243 2496 2533 2475 2516 2534 2528 2500 26141 24.87 1951 2631
2244 2501 2547 2484 2526 2544 2532 2498 °2515 2500 19.53  26.30
2245 2495 2519 2475 2512 2527 2525 2495 2506 2470 1952 2628
2246 2507 2544 2477 2519 2541 2530 2500 2512 2494 1954 2624
2247 2519 2555 24.83 2528 2552 2536 2500 2517 2506 19.54  26.21
2248 2510 2549 2476 2518 2544 2525 2499 2513 2480 1950 26.22
2249 2530 2578 2487 2526 2563 2535 2506 2516 2510 1952 26.23
2250 2550 26.02 2495 2537 2577 2543 2511 2524 2525 1950 26.27
2251 2547 2609 2492 2533 2573 2538 2512 2523 2509 1951 26.30
2252 2556 2635 24.96 2541 2593 2546 2517 2528 2527 1953 26.24
2253 2575 2655 2505 2552 2610 2557 2527 2539 2548 1954 26.28
2254 2583 2654 2501 2550 2609 2556 2531 2540 2541 1950 2625
22,55 2602 2681 2509 2563 2615 2567 2542 2551 2563 1952 26.21
2256 2614 27.06 2514 2575 2642 2575 2546 2559 2574 1951 26.00
2257 2613 2705 2520 2573 2608 2576 2554 2550 2569 1953 26.14




A1 45 ()
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a0 (W) T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
22.58 2630 2730 2528 2587 2610 2585 2557 2567 2586 1960 26.24
22.59 2632 27.33 2526 2591 2622 2591 2564 2573 2591 19.63 26.18
23.00 2639 2743 2533 2592 2623 2588 2567 2572 2587 1970 26.29
23.01 2651 2759 2542 2601 2647 2600 2578 2581 2602 1976 26.27
23.02 2650 2749 2539 2608 2632 2604 2581 2585 26.05 1978 26.24
23.03 2649 2757 2539 2604 2631 2600 2578 2580 2580 1989 26.26
23.04 26,55 2768 2546 2610 2643 2607 25580 2593 2611 19.91 26.19
23.05 2657 2756 2546 2615 2639 2641 2595 2596  26.11 19.90 26.24
23.06 2641 2759 2545 2611 2633 2606 2589 2588 2596 1599 2625
23.07 2646 27.74 2549 2619 2644 2614 2580 2595 2612 1989 26.27
23.08 2652 2749 2551 2618 2637 2613 2599 2602 2610 1976 26.25
23.09 2637 2740 2545 2611 2631 26.08 2589 2588 2594 1956 2628
23.10 2629 2745 2544 2614 2638 2615 2590 2591 2607 1975 26.29
23.11 2624 2719 2541 2611 2629 26.09 2589 2591 2592 19.54 26.24
23.12 26115 27.09 2545 2607 2620 26.06 2587 2585 2586 1964 2621
23.13 2615 2710 2548 2610 2624 2609 2583 2587 26.00 1956 26.20
23.14 2599 26,60 2538 2604 2604 2600 2579 2581 2574 1954 26.16
23.15 2592 2671 2538 2697 2602 2595 2577 2574 2566 1956 26.20
23.16 2594 2679 2541 2600 2608 2600 2574 2576 2579 1950 26.09
2317 2578 2616 2535 2689 2585 2689 2570 2573 2548 1952 26.14
23.18 2563 2624 2525 2577 2579 2587 2558 2559 2545 1955 26.15
23.19 2567 2640 2536 2588 2081 2591 2558 2562 2558 1954 2612
23.20 2562 2608 2533 2580 2567 2586 2558 25684 25.51 19.52 26.14
232 2542 2586 2521 2565 2553 2575 2549 2551 2526 19.54 26.15
23.22 2543 28,01 2528 2575 26,63 2578 2549 2657 2542 1955 26.17
23.23 2546 2568 2522 2569 2561 2579 25650 2556 2537 1957 26.18

Fhmgﬂ 25.64 2627 2512 2564 2581 2567 2543 2550 2540 1958

#in 0.56 0.86 0.26 0.35 0.40 0.31 0.33 0.29 0.45 0.53

Ll‘j EaLUU

Fi’lijdijﬂ 2657 2774 2551 2619 2647 2615 2589 2602 2612 1999

fi'W.;"' qm 2489 2504 2473 2510 2520 2525 2495 2506 2466 15.56
NEGi 1.68 270 0.78 1.09 127 0.90 1.04 0.96 1.46 0.56
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a7 47 Nﬂn‘]iuuﬂnﬂﬁlqm“qun?:tﬂ":tﬂUnuﬂ:ni:u.]']:u“vjﬂ 30 OC @ 40% RH

Suf 15 Lswnuw 2004

153

LAt (u) T4 T2 T3 T4 TS5 T6 T7 T8 T9  T10  Ti1
1510 3023 3023 2968 3000 2993 2993 3004 2988 3025 2024 26.15
1511 3023 3024 2969 3002 2997 2994 3009 2993 3021 2024 26.10
1512 3027 3026 2976 3008 3000 29.98 30.08 29.92 3024 2026 26.25
1513 30.31 3027 2976 3008 2999 3001 3011 2996 3028 2026 26.24
1514 3030 3033 2979 3011 3003 3003 3015 3000 3029 2029 2624
1515 3029 3027 2980 30.15 3009 3003 30.16 2999 3026 2030 26.00
1516  30.33  30.31 2979 30.43 3006 30.04 3021 3002 30.33 2037 26.18
1517  30.36 30.32 2980 30.43 30.06 3005 30.19 3001 3033 2033 26.20
1518 3033 30.34 20.83 3015 3011 3006 3023 3006 30.34 2038 26.15
1519 3032 3034 2977 30.14 3011 3005 3026 30.03 30.31 2037 2626
1520  30.35 30.34 2085 30.18 3011 3006 3023 3004 3031 2038 26.27
1521 3035 3034 2987 3020 3009 3007 3022 3004 30.33 2036 2629
1522 3034 3030 2979 3019 3009 3008 3024 30.04 3026 2034 26.30
1523 3035 30.30 29.84 3021 3011 3008 3024 3007 3022 2032 26.41
1524 30,39 3031 29.84 3021 3011 3011 3022 3006 3031 2034 26.39
1525  30.34 3023 2971 3014 3009 3011 3019 3004 3023 2034 2635
1526  30.31 3028 2977 3020 3043 3009 3022 3008 3017 2033 26.37
1527 3028 3025 29.82 3020 3014 3010 3023 3007 3020 2038 2625
1528  30.31 3026 2086 3021 3009 3010 3020 3007 3027 2044 2624
1529 3030 3027 2081 3017 3010 3011 3020 30.06 3024 20.39 2639
1530 3021 3047 2871 3015 3012 3006 3020 -30.02 3008 2031 2635
1531 3016 3044 2974 3013 3006 3001 3016 3004 3009 20.34 26.34
1532 3019  30.44 2974 3014 3001 2999 3042 3003 3010 2034 2621
1533 3047 3041 2968 30.16 2999 2096 3041 3000 3002 2031 2629
1534 3044 3010 2967 3013 3005 2998 3041 29.98 3000 2029 2634
1535 3014 3011 2969 3008 2998 29.94 3013 3001 2999 2024 2640
15.36 3011 3008 2071 3010 2996 2992 3008 29.97 2999 2023 2641
1537 3002 2998 2958 30.02 2996 2991 3005 29.83 2993 2021 26.59
1538 3004 3002 2060 3000 2995 29.89 3004 2993 2995 2023 26.45
1539 3003 2097 2964 3002 2995 2986 3003 2996 2994 2020 2645
15.40 2097 2992 2950 30.01 2991 2988 30.05 2993 2991 2017 2643
15.41 29.94 29.90 29.50 29,98 2990 29.83 30.00 29.89 29.84 2017 26.40
15.42  29.95 2093 2953 2997 2994 2985 2999 2090 2982 2017 26.39
1543 2998 2092 2053 2005 2089 2083 2906 29.89 2986 2015 26.35




AT 47 (68)

154

et T T2 T3 T4 T5 T6 T7 T8 T9 TI0 TN
1544 2988 2986 20.49 2094 2082 2980 2992 2989 2983 2014 26.30
1545  29.85 29.83 2946 2992 2085 2980 2995 2985 2981 20.14 26.24
1546 2091 2988 2951 2993 2985 2979 2995 29.86 20.80 2012 26.25
15.47 2990 20.87 29.51 29.93 29.86 29.81 2993 29.87 29.81 20.06 26.23
1548  29.86 29.85 2043 2989 29.84 29.82 2992 2087 2980 2008 26.28
1549 2986 29.86 2950 2990 2983 2976 2997 2987 2980 2010 26.26
1550  29.94 2087 2952 2989 2985 29.80 2995 2984 2986 2010 26.24
1551  29.90 29.85 2050 20.91 2082 2977 2994 2986 2984 2009 26.21
1552  29.93 29.89 2955 2993 2984 2976 2993 2986 2990 2014 26.20
1553 2093 2091 2954 2990 2089 2978 2996 2985 2984 2011 26.32
15.54  29.97 2993 2057 2087 2089 2979 2994 2986 2991 2011 2631
1555  29.98 2095 2055 29.89 2990 29.81 2998 2989 2993 2010 26.34
15.56 29.99 29.99 29.53 29.90 20,92 29.80 29.96 29.86 2993 20.12 26.38
15.57 30.00 29.99 29.60 29.91 29.95 29.81 29.98 29.87 29.93 20.13 26.40
15.58  30.05 30.01 2959 2989 2091 2982 2998 29.88 2996 2009 26.24
1559  30.07 30.04 2965 30.00 2987 2983 30.01 2991 2998 2012 26.2%
16.00  30.07 3006 29.64 2998 2993 2985 3005 2991 3000 2012 2628
16.01  30.08 30.05 2969 2996 2991 29.86 3005 2991 3001 2015 26.27
16.02 3010 3008 2970 2997 2991 2987 3004 2995 3005 20.14 26.27
16.03 30.11 30.11 29.72 30.02 29.95 29.91 30.05 29.91 30.06 20.15 26.24
16.04 3011 3013 2972 30.03 2996 2993 3009 2997 3007 20.18 26.18
16.05 3044 3012 2974 2998 2996 2993 30.13 3003 3007 2016 26.20
16.06 3020 3014 2976 30.02 2996 2994 30.12 3002 3013 20.18 26.21
16.07  30.16 30.14 2978 3005 3000 2999 30.41 30.04 3015 2019 26.24
16,08 3049 3015 2977 3001 3001 2998 3016 3007 3015 2017 2628
1609 3021 3011 2974 3005 2999 2998 30.12 3001 3009 20.17 26.26
fuadl 3013 3010 2967 3004 2098 2093 3008 2996 3006 2022

fin 016 016 012 011 009 0141 010 008 018 0.10
Lﬂmmu
dgega 3039 30.34 2987 3021 3044 3011 3026 3008 30.34 2044
si'w'i'wgﬂ 29.85 29.83 2943 2987 2982 2976 2992 2984 2980 20.06
Wasi 054 051 044 034 032 035 034 024 054 0.38
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a , P v oo
TN 49 wamsufindngunpiinszihzfanuasnszuhzuien 30 °C @ 50% RH

Sufl 15 wu 2004

156

L3R (W) T T2 T3 T4 T5 T6 T7 T8 T9 T10 T
18.20 3047 3195 2846 2906 3059 2844 2975 2882 2921 21.39 26.34
19.21 30.55 3206 2851 29816 3070 2854 2976 2890 2935 21356 26.32
19.22 30.44 3194 2839 2903 3059 2851 2974 2883 2924 2134 26.21
19.23 3040 3215 2848 29.10 30.64 2853 2974 2886 29.34 2143 26.30
19.24 30.49 3231 2852 29.15 3075 2859 2983 2895 2945 2139 2633
19.25 30,48 3225 2843 2909 3065 2854 2979 2890 2935 2137 2624
19.26 30.57 3235 2856 2920 3078 2859 2981 2898 2054 2143 2620
19.27 30.51 3247 2859 2925 3084 2864 2985 2905 2947 2138 2625
19.28 3047 3241 2848 2916 3080 2857 2983 2896 2932 2141 2624
19.29 30,59 3260 2857 2026 3088 2866 2985 20.05 2056 2143 26.26
19.30 3065 3250 2855 2927 3091 2865 2988 2909 2961 2138 2627
18.31 3063 3253 2860 2921 3086 2861 29.87 2904 2960 2145 26.28
19.32 3068 3266 2860 2832 3094 2866 2995 2914 2960 2146 26.21
19.33 3068 3250 2855 2831 3091 2871 2996 2918 2963 2142 26.35
19.34 3067 3251 28556 2929 3092 2865 2993 2916 2954 2149 28.29
19.35 30.85 3258 2862 2943 3104 2864 30,01 2925 2968 2149 2634
19.36 30.74 3231 2840 2921 3090 2861 2996 2919 2946 2146 2625
19.37 30.80 3247 2852 2930 3097 2862 2996 2917 2965 2156 26.31
19.38 30.82 3256 28.63 2938 31.04 2865 2997 2027 2978 " 21.52 2630
19.39 30.67 3236 2859 2927 3094 2859 2996 2919 2946 21.50 26.28
19.40 3075 3244 2859 2033 31.04 2869 3001 2823 2061 2157 26.34
19.41 3081 3261 2861 2938 31.01 2868 2999 2927 2969 2151 2630
19.42 3057 3237 2848 2919 3084 2852 2996 2811 29033 21.54 26.27
19.423 3065 3238 2854 2026 3091 2853 2997 2019 2049 2156 2621
19.44 30.68 3237 2859 2932 3092 2867 2997 2022 2955 2150 26.20
19.45 3049 3226 2850 2919 3079 2856 2991 2013 2922 2151 26.16
19.48 3055 3235 2866 2928 3085 2861 2999 2918 2942 2149 26.10
19.47 3056 3207 2857 2923 3077 2857 2995 2914 2940 2147 2624
19.48 30.50 3215 2851 29.14 3074 2851 2989 29.06 2932 2151 2621
19.49 30,55 3226 2863 29.23 3082 2857 2991 2911 2949 2149 2630
19.50 3042 3205 2837 2910 3068 2845 2991 29.01 2911 2141 26.28
18.51 30.58 3216 2834 2914 3071 2848 2087 29.02 2933 2151 26.27
18.52 30,71 3228 2843 2920 3080 2858 2986 2905 2951 2146 2631
19.53 30.58 3197 2836 29.09 30.67 2844 2987 2896 2927 2142 26.29




a7 49 (si0)

157

LW T+ T2 T3 T4 TS Te T/ T8 T9  TI0  Ti1
19.54 30.69 32.18 28.35 2912 30.80 28,53 29.92 29.01 29.46 21.46 26.34
19.55  30.80 3216 2839 2023 3089 2863 2995 2906 2963 2139 26.21
19.56 30.62 3186 2828 2906 3066 2847 2985 2894 29.20 21.42 26.23
19.57 30.61 32.02 28.40 29.14 30.73 28.51 29.89 29.01 29.40 21.48 26.25
1958 3074 3211 2845 2917 3079 2858 2992 2909 2950 2140 26.28
1959 30.61 31.89 2836 2003 3061 2845 2086 2899 2028 2141 2624
20.00 3068 3208 2844 2910 3073 2854 29.86 29.04 2945 2143 26.23
2001 3067 3193 2842 2910 3067 2854 2986 2906 2933 2133 2620
2002 3059 3192 2836 2902 3064 2845 2083 2000 2925 2141 2624
2003 3080 3205 2838 2908 3076 2854 2982 29.05 2947 2139 2626
20.04 3066  31.87 2833 2903 3060 2843 2979 2900 2916 2136 26.28
2005 3067 3200 2840 2903 3065 2849 2984 2004 2931 2146 2620
2006 3075 3212 2844 2913 3078 2862 29.86 2010 2942 2139 26.18
20.07 30.7¢ 31.76 2833 2905 3064 2844 2983 29.02 29.24 21.35 26.21
2008 3082 31.87 2844 2906 3073 2854 2084 2005 2034 2141 2613
2009 3089 31.99 2847 2915 3081 2859 2988 2911 2947 2135 26.15
2010  30.83 3176 2833 29.04 3085 2846 29.88 2001 2916 2135 2620
20.11  30.86 31.86 2843 2010 3071 2857 2086 20905 29.49 2144 2623
2012 3090 31.85 2849 2917 3077 2863 29.89 2912 2052 2138 26.24
2013 3078 3173 2836 29.07 3069 2853 29.86 2001 2920 2138 2617
2014 3093 3187 2842 2916 3076 28660 2092 2910 2945 2141 2615
2015 3081 3175 2837 29.08 3067 2858 29.88 2007 2927 2134 2627
2016 3079 3175 2834 2906 3070 2853 29.86 2903 2929 2146 2623
2017 3092 3193 2845 2917 3084 2861 2992 2912 2947 2141 2620
2018 3080 3173 2833 2907 3073 2858 29.88 2906 2931 2139 2621
2019 3072 3190 2840 29.07 3065 2855 29.84 2901 2934 2144 2625

fuwely 3067 3215 2847 2017 3078 2856 2088 2006 2941 2143

i 014 027 010 010 0412 007 007 010 015 006

Ld AL TSNR1Y

fgege 3093 3266 2866 2943 3104 2871 3001 2927 2978 2157

fdngm 3040 3173 2828 2902 3059 2843 2974 2882 2911 21.33
Wasls 053 093 038 041 045 028 027 045 067 024
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VIR (W) T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
11.49 3049 3134 2930 30.02 2953 2960 30.18 2984 29.80 2284 26.54
11.50 2986 3032 2887 2947 2890 2020 2991 2945 2877 2285 26.52
11.51 2979 3037 2897 2954 2888 2921 2983 2944 2912 2276 26.57
11.52 290561 2962 2884 2943 2852 2909 2972 2932 2886 2248 26.50
11.53 2898 2905 2828 2895 2807 2868 2941. 2893 2805 2250 2653
11.54 2896 2009 2828 2903 2811 2873 2935 2901 2845 2231 2649
11.55 2858 2824 2802 2876 2758 2840 2916 28.78 2779 2223 26.57
11.56 2847 2845 2793 2859 2762 2836 2902 2865 2786 2222 2656
11.57 2853 2829 2791 28681 2763 2843 2897 2868 2798 2210 26.54
11.58 2822 27892 2771 2829 27.30 2803 2876 2840 27.33 2221 2661
11.59 2845 2839 2790 2842 2760 2820 2877 2850 2792 2223 2662
12.00 2840 2788 2771 2823 2737 2801 2870 2839 2742 2224 2664
12.01 2831 2823 2767 2817 2744 2793 28684 2830 27.57 2225 2656
12.02 2855 2850 2781 2833 2766 2815 2868 2842 28.01 2222 2654
12.03 2855 2832 2760 28.07 2747 2792 2858 2815 2732 2226 26.55
12.04 2892 2885 27.76 2825 2784 2811 28B4 2829 27.97 2224 26.57
12.05 20.06 2850 27.81 2830 2779 2808 2867 2834 2786 2221 2656
12.06 29.02 2881 2773 2847 2791 2796 2865 2821 2775 2219 26.58
12.07 2937 2931 2799 2839 2827 2818 28.82 2842 2831 "~ 2210 2660
12.08 29.33 2897 2792 2833 2814 2814 2878 2836 2807 22.08 2659
12.09 2944 2947 2797 2837 2840 2814 2881 °2836 2826 2156 26.57
12.10 29.83 2996 2822 2860 2884 2840 2893 2854 2861 2149 2653
12.11 2974 2959 2813 2842 2872 2828 2000 2844 2813 2151 26.51
1212 3000 3011 2828 2866 2907 2845 29.03 2853 2867 2165 2661
1213 3012 3036 2830 2878 29.23 2853 2914 2866 2882 2158 2664
12.14 3012 3020 2816 2866 2915 2846 2914 2848 2849 2173 26.65
12.15 3041 3072 2835 2886 2939 2864 2932 2869 2906 21.84 26.64
12.16 3047 3054 2838 2895 2945 2873 2935 2875 2003 2210 26.68
1217 3048 3056 2836 2886 2953 2865 2934 2868 2883 2209 26.69
12.18 30.63 30.96 2858 2910 2980 2885 2951 2888 2031 2201 26.70
1219 30.54 3061 2849 2906 2960 2881 2949 2883 2902 2200 26.78
12.20 30.58 3094 2846 2911 2979 2880 2949 2886 2909 2209 2675
12.21 3073 3097 2859 2923 3002 2895 29568 2897 2920 2202 2673
12.22 3055 3062 2840 2900 2989 2872 2953 2867 2875 2209 2674
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VI (W) T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
12.23 30,72 3088 2855 2922 3026 2891 2961 2882 2923 2216 26.71
12.24 3065 3060 2847 29.16 3025 2887 29589 2887 2895 2212 2664
12.25 3047 3061 2845 2009 3017 2881 2955 2879 2892 2225 26.61
12.26 3066 3096 286t 2026 3034 2894 2964 29.00 2929 2221 2668
12.27 3042 3043 2834 2000 3000 2875 2957 2885 2B67 2224 2674
12.28 30,55 30.75 2843 2914 3025 2884 2957 2894 2911 2236 26.58
12.29 30.64 3058 2852 2920 3022 2888 2964 2903 2919 2220 2664
12.30 3049 3056 2838 29.05 30.08 2876 2959 2886 2886 2233 2654
12.:1 30.72 3084 2849 2926 3034 2892 2967 2905 2929 2232 2657
12.32 30,53 3029 2833 2908 3007 2880 2063 2898 2872 2225 2663
12.33 3060 3066 2849 2916 3023 2884 2963 2895 2919 2240 2654
12.34 3066 3066 2850 2021 3030 2889 2069 29.09 2817 2229 2659
12.35 3046 3041 2825 2903 3002 2869 2958 2894 2873 2240 2663
12.36 30.69 30.84 2838 2025 3030 2887 2866 2912 2924 2238 26.61
12.37 3061 3039 28356 2909 3018 2878 2967 2900 2880 2236 26.68
12.38 3059 3075 2842 2918 3026 2885 2967 29.04 29.05 2245 2674
12.39 30,71 3083 2851 2929 3032 2891t 2975 2916 2916 22339 2671
12.40 30.53 3081 2844 2906 3021 2870 29073 29.01 2881 2256 26.69
12.41 3073 3124 2865 2028 3050 2889 2978 2918 2930 2256 2666
12.42 3060 3085 2851 2920 3026 2884 2981 29.01 2000 2251 28.67
12.43 3063 3119 2855 2922 3044 2879 2976 2894 2907 2267 2664
12.44 3081 3143 2873 2938 3064 2896 2987 2915 2942 2258 26.63
12.45 30.58 3097 2853 2915 3026 2881 2984 2902 2890 2265 2661
12.46 30.80 3147 2868 2042 3059 2894 2987 2920 2935 2271 2666
12.47 3080 3121 2866 2939 3056 2893 2989 2925 2912 2266 2664
12.48 3067 3126 2859 2925 3045 2880 2090 2917 29.09 2281 2656

fnady 2999 30.09 2833 2893 2930 2865 2938 2883 2869 2225

1 0.84 1.03 0.35 0.42 1.09 0.36 0.43 0.34 0.59 0.32

Lf;f_NI.U'I-I.

ﬁ'\g{aqm 30.83 3147 2930 3002 30684 2960 3018 2984 2980 2285

A g0 2822 2792 2760 28.07 2730 2792 2858 2815 2732 2149

Hagg 2.61 3.55 1.70 195 3.34 1.68 1.60 1.69 2.48 1.36
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Standard Test Method for

, Scope

I.1 General:

1.1.1 This test method covers the determination of the
umidity of atmospheric air by means of wet- and dry-bulb
emperature readings. :

i.1.2 This test method is appiicable for meteorological
casurements at the earth’s surface, for the purpose of the
esting of materials, and for the determination of the relative
umidity of most standard atmospheres and test atmos-
heres.

1.1.3 This test method is also applicable when the temper-
ture of the wet bulb oniy is required. In this case, the
nstrument compnses a wet-bulb thermometer only.

1.1.4 Relative humidity (rh) does not denote a unit.
ncertainties in the relative humidity are expressed in the
orm U x u % rh, which means that the relative humidity is
pected.to lie tn the range (U — u) % to (U + u) %, where U
the observed relative humidity. All uncertainties are at the
5 % confidence level,

1.2 Method A—Psychrometer Ventilated by Aspiration:

i.2.1 This method incorporates the psychrometer venti-
ated by aspiration. The aspirated psychrometer is more
accurate than the sling (whirling) psychrometer (see Method
B), and it offers advantages in regard to the space which it
requires, the possibility of using alternative types of ther-
mometers (for example, electrical), easier shielding of ther-
mometer bulbs from extraneous radiation, accidental
breakage, and convenience.

1:2.2 This method is applicable within the ambieat tem-
perature range 5 to 80°C, wet-bulb temperatures not lower
than 1°C, and restricted to ambient pressures not differing
from standard atmospheric pressure by more than 30 %.

1.3 Method B—Psychrometer Ventilated by Whirling
{Sling Psychrometer):

.3.1 This method incorporates the psychrometer venti-
fated by whirling (sling psychrometer).

1.3.2 This method is applicable within the ambient tem-
perature range 5 to 50°C, wet-bulb temperatures not lower

than 1°C and restricted to ambient pressures not differing -

from standard atmospheric pressure by more than 30 %.

V.4 This standard does not purport to address all of the
safety problems. if anv. associated with its use. It is the
responsibility of the user of this standard to establish appro-

——

' This test method is under the jurisdiction of ASTM Comminee D-22 on
Sampting and Analysis of Atmosphercs and is the direct responsibitity of
Subcommitiee D22.11 un Mucteoralogy. !

Current cdition approved Nov, ML 1984, Published June 1985, Originally
Published as € 307 - M1 T. Last previous cdition E 337 - 42,

H'“c) Designation: E 337 ~ 84 (Reapproved 1990)
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Measuring Humidity with a Psychrometer (the Measurement
of Wet- and Dry-Bulb Temperatures)’

This standard is issued under the fixed designation E 337; the number immediately following the designation indicates the year of
original adeption or. in the casc of revision. the vear of last revision. A number in parentheses indicates the year of last reapproval, A
superscript epsilan («) indicates an editorial change since the last revision or reapproval,

priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. (For more specific
safety precautionary statements, see 8.1 and 15.1.)

2. Referenced Documents

2.1 ASTM Standards:

D861 Practice for Use of the Tex System to Designate
Linear Density of Fibers, Yarmn Intermediates, and
Yarns?

D 1193 Specification for Reagent Water®

D 1356 Terminology Relating to Sampling and Analysis of
Atmospheres®

D 1357 Practice for Planning the Sampling of the Ambient
Atmosphere?

D 3631 Test Methods for Measuring Surface Atmospheric
Pressure? .

D 4023 Terminology Relating to Humidity Measure-
ments?

4230 Test Method of Measuring Humidity with Cooled-
Surface Condensation (Dew-Point) Hygrometer?

E | Specification for ASTM Thermometers®

E 380 Practice for Use of the International System of
Units (SI) {the Modernized Metric System)®

3. Terminology

3.1 Definitions:

3.1.1 For definitions of humidity terms used in this test
method, refer to Terminology D 4023.

3.1.2 For definitions of other terms in this test method,
refer to Terminology D 1356.

3.2 Descriptions of Terms Specific to This Standard:

3.2.1 Method A—Aspirated Psychrometer:

3.2.1.1 aspiration—The wet and dry bulbs (and the psy-
chrometer) are described as aspirated because there is provi-
sion for the forced ventilation by drawing air over the bulbs
by suction. The flow may be either transverse or parallel to
the axes of the bulbs.

3.2.1.2 thermometer—for purposes of this standard, and
except where a specific type is indicated, the term thermom-
eter means any {emperature-measuning device.

3.2.1.3 wer-bulb covering and wick—the wet bulb is pro-
vided with a water-retaining covering of a woven-cotton

Annreal Bewk of ASTM Srandards, Vol 01.01.
Ltounpead Berok of ASTM Standards, Vol 1101,
ctemetd Book of ASTI Standards, Vol 11.03.
Aaial Book of ASTM Standurds, Vol 1403,
vl Boek of ASTAM Standurds, Vol 1407, [Excerpis in all other volumes.)

D e ok w b
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material. A cotton wick which connects the covering to a
water reservoir may be provided so that water is fed to the
covertng continuously by capillarity,

3.2.2 Method B—Sling Psvehromerer:
ventitution—the wel and dryv bulbs tand the psy-
chrometer) are described as ventifated because there s
provision for a flow of the air over the bulbs, The flow is
transverse W the axes ol the bulbs,

3.2.2.2 wet-hulb covering—ihe wet bulb s provided with a
waler-retaining covering of 4 woven-cotton malterial.

4. Summary of Methods

4.1 General:

4.1.1 The wet-bulb temperature depression. the drv-buib
temperature. and the ambient pressure provide the basis for
deriving the relative humidity.

4.2 Method A—Aspirated Psyelvomerer:

4.2 Establish the airflow {see 7.4) and maintain it until a
minimum wel-bulb temperature is attained. (With mercury-
tn-glass thermometers. about 2-min venulation time is
usuallv necessarv.} '

4.2.2 Read the thermometers with the necessarv preci-
sion. obtaining the dry-buib temperature with an overall
uncertainty of 20.2°C or better. and the temperature depres-
sion with an overall uncenainty of +0.2°C or better for an
uncertainty in the relative humiditv of 3 % rh. For an
uncertainty in the relative humidity of £2 % rh. obtain the
dry-bulb temperature with an overall uncertainty of %0.2°C
or better and the temperature depression with an overall
uncertainiy of =0.1°C or betier. {Also see Section 12.)

4.3 Method B—Siing Psvchromerer:

4.3.1 Holding the instrument weHl away from the body.
and for outdoor measurements to windward and in the
shade, whirl it at such a rate as to achieve the specified
airspeed at the wet and dry bulbs, see 14.4.

4.3.2 Read thc thermometers with the necessary preci-
sion. obtaining the drv-bulb temperature with an overall
uncertainty of £0.6°C or beiter. and the temperature depres-
sion with an overall uncertainty of £0.3°C or better for an
unceriainty in the relative humidity of =3 % rh. also see
Section {9,

5. Significance and Use

3.1 The object of this test method is to provide guidelines
for the construction of a psychrometer and the techniques
required for ‘accurately measuring the humidity in the
atmosphere. Only the essential features of the psvchrometer
are specified.

METHOD A—PSYCHROMETER VENTUHATED
BY ASPIRATION

6. Interferences

6.1 When an aspirated psvchrometer is used tor measure-
menis in a small enclosed space and steadily rising wet- and
dry-bulb temperatures are observed. consider whether heat
and moisture liberated by the instrument itself are allecting
the conditions,

6.2 While the thermometers are being read. keep all
suefaces that are at temperatures other than the environment

tsuch as the hands, Bice, and other warmer or colder objegr
as lar as pussible from the thermometer bulbs,

6.3 This method should not be used where there iy ey,
contaminution of the air with gascs. vapors. or dust.

7. Apparatus

1.8 Thermometers for an Aspirated Psveliromerer:

7.1.1 The range ol the thermometers shall not exeed the
range 0 10 30°C. This runge may be achicved by pros win-
more than a single pair of matehed thermometers, When the
uncertainty in the derived relative humidity is required 1o s
nol more than £3 % rh. the thermometers shall be sych thy
their rcadings give the temperature depression with i
uncertainty of not more than =0.2°C. When the uncenzin-
in the rclative humidity is required to be not more thy,
x2 % rh. they shall bc such that their readings give 1.
temperature depression with ah unceriainty of Aol my
than %0.1°C. The uncertainty in the reading of the drvahyl
temperature shall be not more than +0.2°C.

7.1.2 Electrical thermometers may be so connected 1ha
the readings give the temperature depression and the dr
bulb tlemperature dircetly,

7.1.3 Each thermometer shall consist of a temperatur.
sensor of essentially cvlindrical shape which is supporned o
a single stem. the stem being coaxial with the sensor. The (re
end of each sensor shall be smoothly rounded. If (i
diameter of the stems is small. compared with that of th
sensors. then both ends of each sensor shall be smoothl
rounded. The sensor of a mercury-in-glass thermometer shal
be that part of the thermometer extending from the bottan
of the bulb to the top of the entrance Mare of the capillar.

7.1.4 With transverse ventilation. the diameters of ih
sensors {excluding wet covering) shall be not less than | mn
and not greater than 4 mm, ~

7.1.5 With axial ventilation. the diameters of the sensor
(excluding wet covering) shall be not less than 2 mm and oo
greater than 5 mm. and their length not less than 10 mm am
not greater than 30 mm.

7.1.6 The connecting wires ol electrical thermomuict
shall be contained within the supponing stems and shall i
isolated from the moisture of the wet covering.

7.1.7 Mercury-in-glass shall be graduated to 0.3°C o
closer and be capable of being read 10 the nearest 0.1°C o
better. (A specification for mercury-in-glass thermomutct
suitable when the uncertainty in the derived relative hu
midity is required to be not more than =3 % rh is given n
Annex Al.)

7.2 Wor-Bulth Covering, Wick. and Water Reservoir:

7.2.1 The covering shall be fabricated from white-cottn
muslin of linear density lfrom 1.0 10 1.2 g/m. refer to Prictiv
D 861. A seamless sleeve s preferred. but a scam |
permissible. provided that it does not add appreciably to tt
general roughness which the weave imparts 1o the surfae.

7.2.2 The covering shall completchy cover the sensor o
bulh of the thermometer. it snugly but not very tightly, am
shall be in physical contact with the bulh over s enbre
surtace. It shatl extend anto the stem Tor such 2 distance tha
the error in the abserved wet-bulh temperature due 1o bea
conduction along the stem does not exceed .03,
method of determining the distance for which the covenm
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ust extend onto the stem is outlined in Annex A2, For
ercury-in-glass thermomecters with solid stems. a distance
“twice the stem diameter is usually adequate.)

7.2.3 To maintain 2 snugly fit cover on the wet bulb. the
yvering may be secured with a cotton thread at the end of
e covering on the stem of the thermometer. at the top of
e thermometer bulb. and at the bottom of the bulb.
owever. whenever a wicking is used. the covering shall not
» secured between the thermometer bulb and the cotion
icking which connects the covering to a water reservoir.
7.2.4 After fabrication. the covering and wick shall have
en washed in a dilute solution of sodium carbonate and
oroughly rinsed with distilled water. Thev shall not subse-
tently be touched with the fingers.

7.2.5 The stem of each thermometer shall. for a length
easured from the sensor and not less than [.5% the tength
“the extension of the covering required by 7.2.2, be clear of
ystructions and freely exposed to the airstream.

7.2.6 During the test, the covering shall be completely
rmeated with water as evidenced by a glistening appear-
ice in a beam of light, -

1.2.7 The covering shall be washed in situ with distilled
ater from time 10 time and be renewed when it shows any
idence of permanent change.

7.2.8 When a wick is provided, the free length of a wick
ail be at least twice the diameter of the wet bulb and at
ast three times the wick diameter, ensuring that water
Tiving at the covering is already at practically the wet-bulb
mperature. A wick shall be limp.

7.2.9 A water reservoir shall not obstruct the airflow, and
 contents shall not affect the humidity of the sample air.
7.2.10 The level of the water in a water reservoir shall be
tween 5 and 25 mm below the level of the lowest part of
e wet buib. '

1.3 Water—Reagent water shall be produced by distilla-
on. oF by ion exchange or reverse osmosis followed by
stillation, refer to Specification D 1193,

7.4 Airflow:

7.4.1 The flow of air over both the wet and dry bulbs shail
: a forced draught of 3 to 10 m/s for thermometers with
aximum allowable diameter of the sensors.

7.4.2 The sample air shall not pass over any obstruction
“through a fan before it passes over the wet and dry bulbs.
7.4.3 With axial flow, the direction of the flow shail be
om the free end of each sensor towards the support end.
7.4.4 No air which has been cooled by the wet bulb or by
e wick shall impinge on the dry butb.

1.5 Radiation Shields: :

7.3.1 Any radiation shields shall be of metal with a
ickness ol 0.4 to 0.8 mm. Surfaces required to have a
lished finish shall be of a bare metal which will retain its
1ghtness.

7.5.2 With transverse ventilation, radiation shields may
: provided 10 shield the wet and dry bulbs from extraneous
diations. The radiation shields. essentially in the form of
rrallel plates. can be either polished on the outside and
ackencd on the inside. or polished on both the inside and
mside surfaces. The clearance between the wet and dry
11bs and the shields shall be not less than half the overall
ameter of the wet bulb. The shields shall be liberally Nared
ttwards at the inlet to prevent the How separating from the

shields on the inside (vena-contracta effect). The shields may
form part of'a duct for the airflow. A second shield. outside.
tS NOL necessary. :

7.5.3 With axial ventilation. concentric radiation shields
shail be provided for the wet and dry buibs. and shall be
polished inside and out. (The shield around the wet buib
plays a vital role in reducing the radiative heat transfer
between that bulb and its surroundings by a factor of about
three.) The diameter of the shield shall be not less than 1.8 4
and not greater than 2.5 d. where d is the overal] diameter of
the wet bulb. Its length and position shall be such that its
projection beyond each end of the wet covenng is not less
than ¢ and not greater than 3 d. The entrance 1o the shield
shall be liberally flared to form a bell-mouth to prevent the
flow separating from the shield on the inside. The shield may
serve also as the duct for the airflow. A second shield,
outside. is not necessary.

8. Precautions

8.1 Safety Precawtions—Mercury vapor is poisonous,
even in small quantities, and prolonged exposure can pro-
duce serious physical impairment (1).7 If a mercury ther-
mometer is accidentally broken, carefully coilect, place, and
seal all of the mercury in a strongly made nonmetailic
container. Avoid skin contact with mercury.

8.2 Technical Precawtions—For reliable measurement
and control, strict adherence to the exacting technique is
necessary. Aside from the obvious mistake of not using a
psychrometric chart or table prepared for the existing baro-
metric pressure, most errors of psychrometry tend to restrict
lowening of the wet-bulb temperature and thus indicate a
higher relative humidity than actually exists.

8.2.1 Conditions which Contribute to High Wer-Bulb
Temperature:

8.2.1.1 Improper installation of wet-bulb covering (loose
fitting, too short, or too long).

8.2.1.2 Dinty or contaminated covering.

8.2.1.3 Contamination of wetting water.

8.2.1.4 Insufficient air ow.

8.2.1.5 Failure to reach or read the minimum point of the
wet-bath depression.

8.2.1.6 Moisture or heat generation. or both. from the
operator taking readings and from the wet-bulb water
reservoir.

8.2.1.7 Radiant heating effects.

8.2.2 Heat from the fan or motor shall not affect the
thermometer readings.

8.2.3 Instrument shall be used in the shade and not
exposed to direct sunlight.

8.2.4 Prior to a2 measurement, the instrument shall have
been exposed long enough 1o the test atmosphere to have
attained the ambient temperature,

8.2.5 The shieid shall not be aliowed to become wetted.

9. Calibration

9.1 The thermometers used in a psychrometer should be
compared once a year at four or more temperatures with the

" The beldface numbers in parentheses eefer to the list of reterences at the end
of this test methid,
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covering removed from the wet-bulb thermometer. Onee
every three months. the thermometers should be compared.
with the covering removed from the wet-bulb thermometer,
at the ambicnt dryv-bulb temperature. The readings shall
conform o the requirements (see 7.1.1 and Section 12) when
the instruments are totally immersed. For highest accuracy,
the thermometers should be calibrated over their range of use
while totatly immersed. The corrections thus determined
should be applied to the readings when making a measure-
Iment.

10. Procedure

10.1 Location—Avoid locations where proximity 1o ma-
chinery. direct heat from the sun. or other sources of
radiation would have undue influence. Stand preferably
factng the air current so that the instrument receives the air
before the air has passed near you. The site or location is
selected so that the air is a representative sample. (Also see
Practice D 1337))

10.2 Preparing Psychromerer—Moisten the covering of
the wet bulb thoroughlv with distilled water. (Before the start
of a series of measurements. deliver an excess of clean water
directly 1o the wet-bulb covering from the reduced tip of a
clean glass or plastic tube which is a part of a small wash
boitle. for example. squeeze bottle. so that drops of water fall
from the covering. This flooding procedure will help 10
remove organic contamination which may be on the surface
of the wet-bulb covering.) Wetting should be repeated before
each separate measurement. A small bottle or porous porce-
lain cup will serve as a convenient water container. If new or
dry through disuse. several minutes may be required for
-complete saturation of the fabric. Avoid touching the fabric
with (he fingers. which may deposit oil or dirt. Replace soiled
covering and wick. Maintain the dry bulb absolutely drv.

10.3 Aspirating  the Psychrometer—QOperate the fan
motor. thus exposing the thermometers to the action of the
air until the minimum wet-bulb temperature is indicated.
Continue operating the fan until the readings of the ther-
mometers become constant.

10.3.1 Reading Psychrometer—While operating the fan.
read the thermometers quickly but carefully. Read the wet
bulb first. Under ordinary conditions, an approximate
0.15°C error in wet-bulb depression results in a 1 % ervor in
relative humidity, While the thermometers are being read,
keep all surfaces that are at temperatures other than the
environment (such as the hands. face, and either warmer or
colder objects) as far as possible from the thermometer bulbs.

t0.3.2 For measurements in nominally constant condi-
vons. for example, where fluctuation period is long com-
parcd with the measurement time. repeat steps 10.3 and
10.3.1. rewetting the covering il necessary. until in three
successive readings the greatest temperature depression dif-
fers from the least by not more than 0.2°C for an uncertainty
of =3 % rh or not more than 0.[°C lor an uncertainty of
=2 % rh.

10.3.3 Where measurements are being made under condi-
tons Nuctuating rapidly, take a number of readings vver at
teast two complete eveles,

10.3.4 Where measurements are being made while condi-
tuns are changing or are heing changed under control, the
ccadines might not be meaningtul,

1.4 Check Readings—For purposes or unecking, make "
many readings 4s necessary until three successive reading.
agree. If atmospheric conditions are Nuctuating. it ma R
desirable to obtain several readings in order to secure 4,
average (that s, f there is a definite cycling in conditing,
then readings should be continued for at least two cvelesy |,
will be necessary to rewet the covering of the wet bulb whep
the fabric starts 1o dry. as indicated by a rising wet-hy|p
tcmperature.

11. Calculation

11.1 Subtract the wet-bulb reading from the dr.byp
reading. The difference is the wet-bulh depression. Knowin,
the dry-bulb temperature and the wet-bulb depression. th,
relative humidity could be calculated by using the by,
psvchrometric equation. In practice. calculations direetl.
involving the basic equation are seldom needed. Instead
tables. charts, curves. and other calculating devices deyl
oped from the basic equation are used. such as the table i
Appendix X3. :
1.2 When calculating relative humidity from the pa
chrometric equation. use the following equation or onc tha
for the- prevailing conditions is equivalent;
i e=codn) — Aplt - 1)

where; ’

¢ = the partial pressure of water vapor in the atmo
phere, Pa,

e.(t,) = the saturation pressure of water vapor at the wel
bulb temperature 1,,. Pa, see Appendix X2,

] = the dry-bulb temperature in *C.
I, = the wet-bulb temperature in “C.
P = the total (atmospheric) pressure, Pa, see Methe
D 3631.
A = the psychrometer coeflicient in K™', and

where ¢, ¢,(¢,) and p are expressed in the same units, s
Practice E 3380. .

11.2.1 The value of 4 shall be chosen in the range. 6.2 »
107 to 6.9 x 107 k~'. The psychrometer coetlicicn
developed by Ferrel. A = 6.6-x 107 (1 + 0.00115 r,,). fall
within this range. if a value of A has been determined lor thr
particular design of psychrometer and lies in this range. tha
it shall be used. If a value has been determined but i
outside this range, then the closer extreme value of the rang
shall be used. If no value of A has been determined, then ux
the value developed by Ferrel. (It may be noted that il. tu
example, at 20°C and standard atmospheric pressure usc v
the value 6.5 x 107" K™' led to a derived relative humidit’
of 50.0 %. then use of the value 6.9 x 107 K~' would len
to a derived relative humidity of 48.9 %.)

11.3 Relative Humidity—The  psychrometric  equatiw
gives the partial pressure of the water vapor. In th
meterological range of pressure and temperature, the saturd
tion vapor pressure of the pure water phase and of the moi
air wilt be assumed 10 be equal. (Water vapor and air mixtur
is assumed (0 behave as ideal gas.) This assumption wi
introduce an error of approximately 0.3 % or jess in
caleulated partial pressure of water vapor and an error of I
than 0.5 “» in the calewlated relztive humidity, {See Mutho
D 4230 IF water vapor and air are assumed to behave 3
ideal gases, then
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U= :_ % 100 %
where:
the partial pressure of the water vapor and
the saturation vapor pressure of water at the drv-bulb
lemperature. see Appendix X2,

11.4 Use of Psychraometric Table or Chari:

11.4.1 Take a psvchrometric table or chan. the values in
which are consistent with the equations and appropnate
value of the psvchrometer coefficient 4 as givenin 1.2, and
from the dry-bulb temperature and the temperature depres-
sion obtain the relative humidity or the humidity in what-
ever desired measure. (To facilitate the identification of
suitable tables or charts, values of relative humidity for
various dry-bulb temperatures and temperature depressions
are given tn Appendix X1 for standard atmospheric pressure
and three relevant values of 4. namely 6.5 x 107, 6.7 x
10~*, and 6.9 x 107* K~*)

b14.2 In Appendix X3. values of relative humidity for
drv-bulb temperatures 2 to 50°C and various {emperature
depressions are given for standard atmospheric pressure
{101325 Pa) and using Ferral's value for 4 [6.60 x 1077 (1 +
0.00815 ¢.)).

11.4.3 In cases where the barometnc pressure differs from
standard atmospheric pressure. the corrections that are to be
applied 1o the values of relative humidity listed in Appendix
X3J are given in Appendix X4.

1]

]

[

12. Precision and Bi:zls

12.1 The uncertainty in the derived relative humidity is
estimated not to exceed the values shown in Table 1 if the
iemperature depression and the dry-bulb temperature mea-
surement do not exceed the uncertainty values shown in
Table i.

METHOD B—PSYCHROMETER VENTILATED BY
WHIRLING (SLING PSYCHRONMETER)

13. Interferences
13.1 (See 6.2 and 6.3.)

14. Apparatus

141 Thermometers for Sling Psychrometers:

14.1.1 The thermometers shall be mercurv-in-giass ther-
mometers.

14.1.2 The range of the thermometers shall not exceed the
range () 10 30°C: however, this range may be achieved by
providing more than a single pair of matched thermometers.
When the uncertainty in the derived relative humidity is
required to be not more than =5 % rh. the thermometers
shall be such that their readings give the itemperature
depression with an uncertainty of not more than £0,3°C and
the uncertainty in the reading of the dry-bulb temperature
shall be not more than £0.6°C. When the uncertainty in the
denived relative humidity is required to be not more than
%3 % rh. the thermometers shail be such that their readings

given 1the temperature depression and the dryv-bulh tempera--

ture with an uncerainty of not more than +4.2°C.
14.1.5 The diameters of the thermometer buibs {cx-
Cluding wet covering) shall be not greater than 4 mm.,
404 (See 7.1.7)

Maximum Uncertainty Values for Derived Relative
Humidity {Method A}“

Uncertamty in

TABLE 1

Uncenanty n uncenanty w

Denved Relatve Temperature Dry.-buth
Hurmdily, =, rh Depression. *G Temperature, *C
=4 *0.3 =0.2
=3 *02 =0.2
=2 *0.1 0.2
=5 =03 =0.6
+4 =0.2 *0.6
=3 =01 +0.6

* The uncentainhes are based only on temperaiure angd psychrometer coeth.
crent uncertainties and do not incluce errors due 10 nonthermal equitibrum which
wilt vary with an inexpenenced observer,

14.2 Wer-Bulh Covering:

14.2.1 (See 7.2.1)

14.2.2 The covering shali completely cover the sensor or
buib of the thermometer, fit snugly but not verv tightly. and
shall be in physical contact with the bulb over us entire
surface. It shall extend onto the stem for such ua distance that
the error in the observed wel-bulb temperature duc to heat
conduction along the stem does not exceed 0).05°C. For
mercury-in-glass thermometers with solid stems. a distance
of twice the stem diameter is usually adequate.

14.2.3 To maintain a snugly it cover on the wet bulb. the
covering may be secured with a cotton thread at the end of
the covering on the stem of the thermometer. at the top of
the thermometer bulb, and at the bottom of the buib.

14.2.4 (See 7.2.4)) ,

t4.2.5 The stem of each thermometer shall. for a length
measured from the sensor and not less than 1.5 x the length
of the extension of the covering required by 14.2.2, be clear
of obstructions and freely exposed to the airstream.

14.2.6 (See 7.2.6 and 7.2.7))

14,3 Water—(See 7.3.)

td.4 Airflow: )

t4.4.F The psychromcter shail be whirled so that the flow
of air over both the wet and dry bulbs is equivalent to 3 to 10
m/s for thermometers with maximum aflowable diameter of
the sensors. '

14.4.2 The sample air shall not pass over any obstruction
before it passes over the wet and dry bulbs.

14.4.3 (See 7.4.4.)

14.5 Radiation Shields—Radiation shields are nol neces-
sary.

13. Precautions

15.1 Safety Precantions:

15.1.1 Mercury vapor is poisonous, even in small quanu-
ties. and prolonged exposure can produce serious physical
impairment (1). sce 8.1,

15.1.2 Before using a sling psvchrometer, check for ade-
quate clearance to freely sling or whirl the thermometers
without hitting any solid surfaces; for example. the knec.

i5.6.3 I a mercury thermometer is accidentally broken.
follow the handling procedure in 8. 1.

13.2 Technical Precautions—{See 8.2))

15.2.0 Conditions which Comribute 1o High Wer-Bulh
Temperarure—{See 3.2.1.1 through 8.2.1.7)

1522 (See .2 and ¥.2.40)
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16. Calibration

16.1 The thermometers used in a psychrometer should be
compared unce a vear at four or more temperatures with the
covering removed from the wet-bulb thermometer. Once
every three months, the thermometers should be compared.
with the covening removed from the wet-bulb thermometer,
at the ambient dry-bulb temperature. The readings shall
contorm to the requirements. (see 14.1.2 and Section 19)
when the instruments are totally immersed.” For highest
accuracy. the thermometers should be calibrated over their
range of use while totally immersed. The corrections thus
determined should be applied to the readings when making a
measurement,

17. Procedure

17.1 Lecation—{See 10.1.)

17.2 Preparing Psychrometer—(See 10.2.)

7.3 Ventilating the Psvchrometer—Holding the instru-
ment well away from the body. and for cutdoor measure-
ments 1o windward and in the shade, whiri it at such a rate as
to achieve the specified airspeed at the wet and drv buibs (see
14.4) and then stop the motion after 30 s to read the
thermometers. Resume whirling for an additional 10 s before
stopping the motion to read the thermometers. Continue this
procedure of whirling for 10 s, rewetting the covering if
necessary (see 10.4), until a minimum wet-bulb temperature
has been attained. (About 2-min ventilation time is usually
necessary.}

17.3.1 Reading Psychrometer—After whirling the psy-
chrometer, read the thermometers quickly but carefully.
Reag the wet bulb first. Under ordinary conditions. an
approximate 0.3°C error in wet-bulb depression results in a
2 % error in relative humidity. While the thermometers are

TABLE 2 Maximum Uncentainty Vaiues 1or Derived Relative
Humidity (Method B)*

Uncertainty in Uncenainty in UnCerlalmy "
Derved Relative Temperature Ory-pulp
Hurmghty. %. rh Depresson. °C Temperaturs, »r

=4 =03 =02
=3 =0.2 =072
=5 =03 =05
=4 =0.2 =06

a T ————

The above uncertanties are based anly on temperature ang DSYCRram
ceefficient uncertanbies and do not include errors dug to nonthermai Buhr.
which will vary considerably with an inexperienced goserver, in the ooIran ot
committee members, rouling sliﬂg psychrometer obsersanons ¢ould hava errne
5 to 7 % relative numidity; however there has been no nteraporatory testing

being read. keep all surfaces that are at temperatures oy
than the environment (such as the hands. facc. and iy
warmer or colder objects) as far as possible from .
thermometer bulbs.

17.3.2 For measurements in nominally constant con
tions. for example, where a fluctuation period is |-
compared with the measurement time. repeat Steps 17.1 ;,
17.3.1, rewetting the covening if necessary. until in 1h
successive readings the greatest temperature depression ¢
fers from the least by not more than 0.3°C for an uncertair
of 3 % rh.

17.3.3 (See 10.3.3 and 10.3.4))

17.4 Check Readings—(See 10.4))

18. Calculation—(See Section 1)

19. Precision and Bias

19.1 ;The uncertainty in the derived relative humidily
estimated not to exceed the values shown in Table 2 if
temperature depression and the reading of the drv-b
temperature do not exceed the uncertainty values shown
Table 2.

ANNEXES

‘(Mandatory Information)

Al. MERCURY-IN-GLASS THERMOMETERS SUITABLE WHEN THE UNCERTAINTY IN THE
MEASURED RELATIVE HUMIDITY IS REQUIRED NOT TO EXCEED *3 % RH

ALl Mercury-in-glass thermometers conforming to the
following specification are suitable when the uncertainty in
the measured relative humidity is required not to exceed
*+3 % rh. '

Al.[.1 Type—The thermometers shall be of the solid-
stem type, and the stem may have a slight neck near the buib
to allow the wet-bulb covenng to be secured more casily by a
cotton thread. '

Al.1.2 Temperature Scale—The thermometers shall be
graduated for total immersion and in accordanée with the
Celsius scale which corresponds with the International Prac-
tical Temperature Scale of 1968.

A11.3 Range—The nominal temperature range of the
thermometers shall be 0 to 80°C for an aspirated psvchrom-
eter and 0 to 30°C lor a sling psvchrometer.

AL L4 Materrals—The stem shall be made ol suitable
thermometer glass with an e¢namel back. The bulb shall he

made of giass meeting the Specification E 1.

AL.L5 Annealing and Stabilization—The glass shall
suitably annealed. and the thermometers shall be stabili.
by a suitable heat treatment before they are filled »
mercury.

Al1.1.6 Expansion Chamber—Each thermometer shall
clude an expansion chamber above the highest scale linc
that a temperature of at least 100°C can be sustained with:
the likelihood of damage.

AL 1T Dimensions:

mm

Length irorm hottom of bulb to uaderside of buiton o ning 2l
wp {maaimom)
Seale  length corresponding o the monina range )My
{nummum)
Bulh lemeh ! DR
Nolh dimeter Lin 4

Stem dicumeter - ENTT
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mm

ince ol neck (i amy) rom wp ol bulk ! R 2
ance of lowest scale line from 10p of bulb-' toum R

ance ol cvpansion chamber fram lughest wale bine Hy

JLY

' The top of the entrance ase of the capilacy s taken 10 be the wp of the huth.

\ L8 Graduation  and  Figuring—The  thermometers
JI be graduated at each 0.3°C. with a spacing of approxi-
tety 2 mm and with a longer line at each I°C. The
duations shall be numbered at each 3°C.

AlL.1.9 decnrucr—Readings of each thermometer made
by a knowiedgeable and experenced observer with the
thermometers totally immersed shall not be in error by more
than 0.2°C for any temperature in the nominal range. For
any two temperatures in the nominal range. readings of the
two thermometers, so made. shall give the difference of the
temperatures with an ercor not exceeding 0.2°C.

AL LE0 Spure Thermometer—If a third thermometer is
associated with the psychrometer. then A 1.1.9 shall apply 1o
each of the three possibie combinations of two thermome-
ters.

A2. DETERMINATION OF THE DISTANCE FOR WHICH THE WET-BULB COVERING MUST EXTEND
ONTO THE THERMOMETER STEM TO LIMIT THE HEAT-CONDUCTION ERROR TO 0.05°C

A2.1 Temporaniy fit the bulbs (sensors) of both ther-
ymeters with coverings similar to that 10 be used on the
t bulb. but aliow the coverings to extend onto the stems
1siderably funther than usual, say 1.5 X, the usual dis-
1CEe.

A 2.2 Operate the instrument in the usual manner but
h both coverings wet. choosing a location where the
1ditions are steady. Observe the difference of the ther-
ymeter readings as accurately as possible. (This difference
fue mainly to the errors of the thermometers themselves.)
A2.3 Progressively reduce the extension of one of the
verings onto the stem_until the difference of the readings of
+ thermometers is estimated to have changed by 0.05°C.
e extension existing at that stage is the minimum permis-
le.

A2.4 A more accurate determination can be made if the
Terence of the readings is plotted against the extension for
wmber of extensions both greater than and less than that

corresponding to a change of 0.05°C. The minimum exten-
sion which corresponds to a change of this ameunt may then
easily be read from the piot.

A2.5 Dunng the procedure, as in normal operation of the
psychrometer, care must be taken to preserve the cleanliness
of the coverings, and in particular to avoid touching them
with the fingers.

A26 The procedure determines the extension necessarv
for the conditions which prevail at the ume. If it is carried
out under conditions which differ substantially from those
under which the psychrometer is normally used. then
allowance should be made for the fact that for a given
extension of the covering the temperature error due to the
heat conduction is roughly proportional to the temperature
depression. For example, il the present procedure is carried
out under atmospheric conditions such that the temperature
depression is twice the value which occurs in the normal use
of the instrument, then the extension which results in a
change of 0.1°C in the terperature difference is the required
minimum.

APPENDIXES

(Nonmandatory Information)

Xt. SKELETON TABLE OF RELATIVE HUMIDITIES

X 1.1 Relative humidities rounded to the nearest 0.5 % rh
2 tabulated for vanous temperatures and temperature
pressions and for standard atmeosphenc pressure and three
lues of the psvchrometer coefTicient. Table X1.} is given so
at other more detailed tables may be compared with it, The
v-bulb temperature interval of 10°C and the temperature
pression interval of 2°C are too wide to allow the table 10
- used for routine humidity measurement. The saturation

vapor pressure of water has been taken from A. Wexler.
Appendix X2. Standard atmospheric pressure is 1.01325 %
10° Pa.

Fahes |

Upper A =65 x KT
Intermediate A=67x 0107
Lower A =69 x 10"



- 4 337 188
TABLE X1.1 Comparisorn of the Calculated Relative Humidity Using Three Difterent Values ol the Psychrometet - Coelficient 4
Dry-Bulb Temperature in °C Dry-Bulb Temperature i "C
r-t. 10 20 30 40 50 60 70 80 i-r. 10 0 30 40 50 &0 ™ 0
T "looe  1ogo 1000 1000 1000 1000 1000 1000 . o . 85 190 260 310 g4,
0.0 1000 1000 1000 1000 1000 1000 1000 1000 220 ... - . 75 183 260 N0 ).
1000 1000 1000 1000 1000 1000 1000 1000 . o . 70 180 265 20 35
765 825 860 880 895 905 .0 920 . . . 30 w45 220 275 g
20 765 825 860 880 895 905 910 920 240 ... . - 25 140 215 270 344
760 825 860 880 895 905 910 920 . . . 20 135 215 270 i
545 BBS 730 770 795 815 8310  B4S . . . .. 105 180 235 234
40 5S40 6BO 730 770 795 E1S 830 84S %0 ... . . ... 100 180 235 284
535 660 725 770 735 815 230 845 . . . . 95 175 235 a0
340 515 610 670 705 735 755 770 . . . . 65 145 205 250
60 330 510 605 665 705 735 755 770 280 ... . . . 60 145 2006  2a¢
320 505 605 665 705 730 755 77O . . . . 55 140 200 24«
145 375 500 575 620 655 635 705 . . o o 30 115 175 23
80 135 365 495 S70 620 655 635 705 L1+ 7 . . . 25 10 170 3¢
120 360 490 570 620 655 635 705 . o . . 20 180 170 2¢¢
. 245 335 485 545 585 620 645 . ... . ... . 8.5 185 19
00 ... 235 390 485 545 585 620 845 320 ... . ... .. 8.0 143 19
. 225 385 480 5S40 585 615 645 .. ... .. . . 75 140 19¢
. 120 300 405 475 320 555 585 - e . . o 85 120 5
120 ... 10 295 400 470 520 555 S85 M0 . . . . . 55 115 16
.. 100 290 400 470 520 555 585 C . . . 50 115 15
05 210 330 405 460 500 535 . . e 3.0 9.5 14
140 .. ... 205 325 405 460 500 530 360 .. . . . . 2.5 2.0 1
. . 200 325 400 455 500 530 . . . 25 9.0 14
.. .. 130 260 345 405 450 485 . ... ... ... .. 85 10 12
160 ... 120 255 345 400 445 480 80 ... . ... 0.5 70 12
$15° 255 2340 400 445 480 e el 65 11
... 50 200 290 350 400 435 50 10
180 ... . 45 195 285 350 400 435 400 ... o o .. 50 10
. 35 190 285 350 335 435 . . . . o . 45 9
.. ... . 40 235 305 355 295
00 ... ... . 135 235 300 350 390
o . ... 125 230 300 350  39.0
\2. SATURATION VAPOR PRESSURE OVER WATER
X2.1 The saturation vapor pressure of the pure phase over where: )
plane surface of pure water for temperatures 0 to 100°C was g, =-0.63536311 x 10*,
obtained from Wexler's 1976 formulation (2). Other suitable g, = 0.3404926034 x 107,
saturation vapor pressure tables are given in the Smithsonian gy =—0.19509874 x 10~F,
Meteorological Tables (3), International Meteorological Ta- g, =0.12811805 x 107°,
bles (4). and ASHRAE Handbook and Product Directory e, in Pascal. and
{5). The following simplified equation (2) viclds values of the Ton = 27315 + £y, and
saturation vapor pressure over water which differ from those t,x = —degree Celsius (International Practical Tempera

given in Table X2.1 by 20 ppm or less: Scale of 1968).

<4 -
Ine = = gl
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TABLE X2.1 Saturation Vapor Pressure Over Waler (IPTS—-68})
“femo 00 01 02 03 04 05 06 07 08 5o
c Pa Pa Pa Pa Pa Pa Pa Pa Pa P
o 611.213 615667 620.150 624.662 629.203 633774 638.373 643 003 647.662 652 150
1 657.069 661.819 666.598 671 08 676 249 681121 £A6.024 690.958 695.923 700 920
2 705 949 711,010 716.103 721228 726.386 731,576 736.799 742.055 747 Jay 752 657
3 758.023 763,412 768.836 774,294 779.766 785312 790.873 796.469 802.100 807 765
4 B13.467 819.204 824977 B30.786 836.631 842512 848.429 854 384 860.375 865 <03
5 B72.469 878.572 884,713 890.892 897.10% 903.364 909.658 915.991 922.362 928 772
6 935.223 941 712 948.249 954.810 961.419 968.069 974 759 981 490 988.262 995 075
7 100193 1008.83 1015.76 1022.74 1029.77 1036.83 1043.94 1051.09 1058.29 1065 52
8 1072.80 1080.13 1087.50 1094 .91 1102.37 1109.87 1117.42 1125.01 113265 1140 32
[°] 1148.06 1155.84 1163.66 1171.52 1179.45 118741 §195.42 1203.48 1211.58 1219 74
10 1227 9a 1236.19 124449 1252.84 1261.24 1269.68 1278.18 1286.73 1295.33 1303 97
11 1312.67 1321.42 1330.22 1339.08 1347.98 1356.94 1365.95 137501 1384.12 1393.29
12 1402.51 1411.79 142111 1430.50 1439.93 1449 43 1458.97 1458.58 1478.23 1487.95
13 1497.72 1507.54 1517.43 1527.35 1537.36 1547 42 1557 53 1567.70 1577.93 158821
14 "1598.56 1608.96 1619.43 1629.95 1640.54 1651.18 1661.89 1672.65 1683.48 1694.07
15 1705.32 1716.33 1727.4% 1738.54 174975 1761.01 1772.34 1783.73 1795.18 1806.70
16 1618.29 1829.94 1841 .66 1853.44 1865.29 1877.20 1889.18 1901.23 1913.34 192553
17 1937.78 1950.10 1962.48 1974 94 1987 .47 2000.06 2012.73 2025.46 2038.27 2051.14
18 2064.00 2077.11 2090.20 210037 2116.61 2129.92 2143.30 2156.75 2170.29 248389
19 2197.57 221132 2225.15 2239.06 2253.04 2267.10 2281.23 2295 44 2309.73 2324.10
20 2338.54 2353.07 2367.67 2382.35 2397.11 2411.95 242688 244188 2456.94 247213
2 2487.37 2502.70 2518.71 253361 2549.18 2564.85 2580.59 2596.42 2612.33 2628.33
22 2644 .42 266059 2676.85 - 2693.19 2709.62 2726.14 2742.75 2759.45 2776.23 2793.10
23 2810.06 2827.12 2544,26 2861.49 2879.82 2896.23 291374 293134 2949.04 2965.82
24 2984.70 3002.68 3020.74 3038.91 3057.17 307552 3093.97 3112,52 3131.16 3149.90
25 3168.74 3187 .68 3206.71 322585 3245.08 3264.41 3283.85 3303.38 3323.02 3342.76
26 3362.60 3382.54 3402.59 342273 344299 346334 3483.81 3504.37 3525.05 3545.83
27 3566.71 a857.71 3608.81 3630.02 3651.33 3672.76 3694.29 371594 3r3r.69 A759.56
28 3781.54 3803.63 3825.83 3848.14 A870.57 3833.11 39577 3938.5¢ 3961.42 3984 .42
29 4007.54 4030.77 405412 4077.59 4101.18 4124 88 4148.71 417265 4196.71 4220.90
30 4245.20 4269.63 4294.18 4318.85 4343.64 4368.56 4393.60 4418.77 4444 06 4469.48
kY| 4495.02 4520.69 4546.49 4572.42 4598 47 4624.65 4650.95 4677.4% 4703.98 473068 °
32 4757.52 4784.48 4811.58 4838.51 4866.18 4893.68 492132 4949.09 4976.99 5005.04
33 5033.22 5061.53 5089.99 5118.58 5147.32 5176.19 5205.20 5234.36 5263.65 5293.0%
34, 532287 5352.39 5382.26 5412.27 5442.43 5472.73 5503.18 5533.78 5564.52 5595.41
as 5626.45 5657 .64 5688.97 5720.46 5752.10 5753.89 581583 5847.93 5880.17 5312.58
36 594513 5977.84 6010.71 6043.73 6078.91 6110.25 614275 6177.40 §211.22 624519
a7 §279.23 6313.62 6348.08 6382.70 6417.48 6452.42 §487.54 6522.82 6558.26 6593.87
a8 6629.65 6665.53 6701.71 6737.99 677444 6811.06 6847.85 6808482 6921.95 6959.26
a3 £996.75 7034 40 7072.24 711024 7148.43 7186.79 7225.33 726404 7302.94 7342.02
40 7381.27 7420.71 7460.33 7500.13 7540.12 7580.28 7620.64 7661.18 770190 7742.81
41 7783.91 7825.20 7866.96 7908.34 7950.19 799224 8034.47 8076.90 8119,53 8162.34
42 8205.36 §248.56 829196 8335.56 837936 8423.36 846755 8511.94 855654 8601.33
43 B648.3] 8621.53 8736.93 878254 8028.35 887437 8920.59 8967.02 9013.66 9060.51
a4 9107.57 9154.84 9202.32 9250.01 9297.91 9346.02 9394.36 9442.91 9491 67 9540.65
45 9589.84 §639.25 9688.89 97238.74 9788.81 9839.11 9889.62 9940.36 9991 .32 1004251
46 10092.92 10145.56 10197.43 10249.52 10301.84 10354.39 10407.18 10460.19 10513.43 10566.91
47 10620.62 10674.57 10728.75 10783.16 10837.82 1089271 10947 .84 11003.21 11058.82 1111467
48 11170.76 11227.10 11283.68 11340.50 11397.57 11454 88 11512.45 11570.26 11628.32 11686.63
49 11745.19 11804.00 11863.07 1192238 1198+.96 12041.78 12101.87 12162.21 12222 84 12283.66
50 1234478 12406.16 12467.79 12529.70 12591.86 1265429 12716.98 12779.94 12843.17 12905 66
51 12970.42 13034 46 13098.76 13163.33 13228.18 13293.30 13358.70 1342437 13490.32 13556.54
52 13623.04 13689.82 13756.88 1392423 13891.85 13959.76 14027 95 14096.43 1416519 14234.24
53 14303.57 14373.20 1444311 14513 32 14583.82 14554 51 14725.69 14797.07 14868.74 - 14940.72
54 15012.98 15085.55 15158.42 15231.59 15305.06 15378.83 15452.90 15527.28 15601.97 15676.96
55 15752.26 15827.87 15803.79 15980.02 16056.57 16133.42 16210.59 16288.07 V6365.87 1644399
56 16522.43 16601.18 16660.26 16759.65 16829.37 16919.41 16999.78 17080.47 17161.49 1724284
57 17324 51 17406.52 17488.86 17571.52 17654.53 $7737.85 17821.53 17905.54 17989.88 18074 57
S8 18159.59 1824495 18330.66 18416.71 18503.10 18589.84 18676.92 18764.35 1885213 18940 26
59 19028.74 1911758 19206.76 19296.30 19386.20 19476 45 19567.06 19658.02 1974935 19341 04
60 19933.09 20025.54 20118.29 20211.43 20304.95 20398.82 20493.07 20587.69 .20682.68 2077805
61 2087278 20969.90 21066.39 21163.25 21260.50 21358.12 2145612 21554.51 21653.28 21752 44
62 21851.98 21951.91 22052.23 2215293 22254.03 22355.52 22457 40 22559.68 22662.35 22765 42
63 22864.89 2297275 23077.02 2318169 23286.76 23392.23 2349812 23604.40 2371010 231820
64 23925.72 24033.65 2414199 25250.74 24359.91 24469.50 24579.51 245689.93 24800 78 2491204
65 2502374 251235.85 25248.39 25361.36 25474.76 25508.58 25702.04 25817 53 25922 66 26048 22
© 66 26184 21 26280.64 26397.52 26514 82 26632.58 26750.78 26869.12 2696851 27108 v4 2722802
67 27348 36 27469.04 27590.68 2771246 27834 71 27957 41 28080.57 2820419 28124 26 2R452 BO
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TABLE X2.1 Continued
Temo 00 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 ___.3_9___
°C Pa Pa Pa Pa Pa Pa Pa Pa Pa Pa
] 28577.81 28703.28 28829.21 28953.64 29082.48 29209 82 29337 64 29465.92 29594 68 2372132
69 29853.62 29983.82 30114.49 30245.65 30377.28 30509.40 30642.01 3077510 30908.69 31042 74
70 31177.32 2131237 31247.92 31583.97 3172054 31857 55 31995.09 3213354 32271.68 3241073
71 32550.29 32690.35 3283093 32972.00 3311361 33255.71 33398.34 33541,48 33585.12 33829 1y
72 33974.01 24119.23 34264 97 3441124 34558.03 34705.26 34853.21 35001.59 35150.51 3529936
73 35429.95 35600.47 3575154 35903.14 36055.29 365207.98 36361.21 3551499 36669.32 36824 20
74 36979.63 3713561 37292.15 37449 24 37606.89 37765.10 37923.37 38083.21 3824310 38401 g
75 38564.59 38726.19 38888.36 39051.10 39214.41 39378.30 ° 3954276 39707.80 39873.42 4003963
76 402086.41 40372.78 40541.74 40710.28 40879.42 41049.14 41219.46 4139027 41561.88 4172399
77 41906.69 42080.00 42253.91 42428 42 42603.54 42779.27 42955.61 43132.55 4331011 42483 29
78 4366708 43846.48 44026.51 4420716 44388.42 44570.23 44752.85 44936.00 25119.77 4530413
79 45499.23 456749 45861,22 46048,17 48235.76 46424.00 46612.87 46302.39 46992 56 47183 28
80 47374.85 47566.97 47759.74 47952.17 4814725 48342.00 48537.40  48733.47 48930.20 49127 §C
81 4932567 49524 .40 49723.81 49923.89 50124.64 50326.08 50528.19 50730.98 50934.45 51139 61
82 51343.45 51548.99 51755,20 51962.11 52169.72 52378.0% 52587.01 52796.70 53007.10 53218 2(
a3 53430.00 53642.50 53855.72 54069.64 5428428 5449963 54715.69 54932.47 5514997 55368 3¢
B4 55587.13 55806.80 56027.20 56248.33 56470.17 56692.76 56916.08 57140.13 57364.92 57590 4
BS 57816.73 58043.74 58271.51 58500.02 58729.27 58959.28 53180.05 £9421.57 53653.84 59886.8:
86 60120.67 60355.23 60590.55 60826.54 61061.50 61301.12 61539.52 §1778.70 62018.65 62259 M
a7 62500.89 62743.18 62986.26 £3230.12 63474.78 6372022  £3966.45 64213.48 64461.31 64709 9:
8a 54959.35 65209.58 £5460.61 65712.45 65965.09 66218.55 66472.82 66727.90 66983.80 672405;
89 67498.06 67756.42 68015.60 63275.62 68536.46 68798.13 69060.74 £9323.98 69588.15 £3853.4:
90 70119.03 70385.73 70653.28 70921.67 7119051 71461.00 71731.96 72003.76 72276.42 725499
91 72824.33 73099.58 73375.70 73652.68 73930.54 74209.27 74488.87 74769.35 75050.71 75332.9¢
92 75616.07 75900.08 7618498 76470.77 76757.44 77045.02 77333.49 17622.86 7791313 78204 2
93 78496.38 78789.36 79083.25 79378.06 79673.78 79970.42 80267.97 B80566.45 80865.85 angae.v
94 B1457.42 81769.60 82072.7¢ 82378.75 82681.73 8298765 83294.51 83602.31 83911.06 84220.7
a5 94531.40 84842.99 85155.54 85469.05 B5783.51 86098.94 86415.33 B5§732.68 87051.00 B7370.7
96 876%0.56 °  B88011.00 88334.00 88657.20 88981.30 89306.54 89632.68 a9959.82 90287.94 90617.0¢
a7 90947.17 91278.28 91610.39 919431.50 92277.62 92612.74 92948.87 93286.02 93624.18 93963.3
98 34303.54 94644 76 94986.99 95330.26 95674.55 96019.87 96366.23 96713.62 37062.05 974115
99 97762.02 98113.58 98466.18 98819.83 99174.54 99530.20 99887.11 100244,99 100503.93 100963.¢

100 10132439

“ Metasiable state.

X3. RELATIVE HUMIDITY—PSYCHROMETR]C TABLE

X3.1 Relative humidities rounded to the nearest 1 % rh
are tabulated by using Ferrel's formulation for the psychrom-
eter coefficient and standard atmospheric pressure. For
barometer pressures diffening from the standard atmosphenc
pressure (101325 Pa) see Appendix X4.

U=Sx100% =

3

el = Aplt —= 1)

I

»

x 100 %

where; . -

A =6.60 % 107 (1 +0.001151,)
P = 101325 Pa,

¢..e,in Pa, and

i, in *"C.

For definitions of symbols. see 11.2.
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TABLE X3J.1 Relative Humidity, Percent (Pressure = 101 325 Pa) (See Appendix X4)
" ar Temperature Depression of Wet-Bulb Thermometer i - t_). °C
n.*c 0.1 02’ 0.3 04 0.5 0.6 0.7 0.8 0.9 10 ‘s 1.2 1.3 14 15
2 98 97 95 kX 92 90 38 87 85 B4 .. .o R .. .
) 98 97 95 94 92 90 a9 a7 as a4 a3 a1 80 78 77
4 98 97 25 94 92 B2 a9 88 86 85 33 a2 a0 79 78
5 99 97 96 94 93 1] 90 a8 ar 86 B4 a8l a1 a0 78
[ 99 97 96 9d 9] 92 90 89 a7 86 a5 83 a2 3} 79
7 a9 97 96 a5 93 92 91 89 as ar a3 84 B3 a1 80
8 993 a7 96 35 93 92 91 a0 ag 87 a6 35 83 a2 81
9 99 97 96 95 94 92 91 80 a9 88 a6 as a4 83 B4
10 9 93 96 95 94 9] 92 a0 89 88 a7 86 84 83 a2
11 99 98 96 a5 94 93 92 9N 20 8a 87 a6 as B4 83
12 99 aa 97 95 94 a3 92 N 90 89 88 a7 B85 B4 B3
13 99 a8 97 96 94 9 92 N 90 89 ae B? a6 85 84
14 99 28 97 96 95 94 93 92 90 89 B8 87 86 a5 B84
15 99 98 - 387 96 95 94 93 92 91 90 a9 88 ar a5 85
18 99 28 97 96 95 94 a9 92 91 90 89 88 ar 86 8s
17 99 98 a7 a5 95 94 a3 92 o 90 a9 88 ar 87 a5
18 99 98 97 a5 95 94 93 92 an 91 30 89 88 a7 86
19 99 98 97 9% 95 94 64 k] 92 91 30 89 8a 87 86
20 99 98 97 9% 95 95 94 9] 92 N 90 89 88 a8 a7
2 99 98 97 96 96 95 94 93 92 N 20 90 89 . 88 ar
22 99 98 ar 96 96 5 94 93 92 91 N 20 89 88 87
23 99 98 97 97 96 9% 94 93 92 92 kD a0 89 88 a8
24 93 98 a7 ar 9% as 94 93 93 92 9 90 89 89 :1:)
25 99 1) 98 a7 95 a5 94 94 93 92 N 90 90 as 8a
25 93 o8 93 a7 95 as 94 94 83 92 N 91 aQ B9 88
27 93 98 93 97 56 95 95 94 ~ 93 92 92 91 90 a9 89
28 a9 98 93 97 96 a5 95 94 " 93 92 92 9N 90 90 89
29 93 98 98B g7 36 95 95 94 93 93 92 1] S0 90 89
a0 99 98 98 a7 96 96 95 94 93 93 92 91 % 30 89
) 99 99 93 a7 96 96 95 94 94 93 92 N M 90 89
J2 99 99 23 97 96 96 95 94 94 99 32 a2 3] S0 90
3 99. 99 9B 97 96 96 95 94 94 93 92 92 N 90 90
34 99 99 93 97 a7 96 85 as 94 93 93 92 9 91 a0
35 99 99 98 97 97 96 95 95 94 93 93 92 91 91 a0
36 99 99 98 97 97 96 95 95 1 94 93 93 92 92 9t 20
37 a9 99 a8 a7 97 96 95 95 94 94 93 92 92 9t 90
38 99 99 98 a7 97 96 95 35 94 94 93 a2 92 9 MNn
a3 99 99 a8 97 97 9% 96 95 94 94 9 92 92 N 9
40 99 99 a9 97 97 96 96 95 94 94 93 a3 92 91 N
4] 9 99 8 97 97 96 96 95 94 94 93 92 92 92 N
42 993 99 98 38 97 1] 96 95 a5 94 93 a3 az 92 9
43 99 99 98 98 97 95 98 as 95 94 93 93 a2 92 N
44 99 99 28 L] 97 96 96 95 95 94 94 93 92 92 9
45 99 99 93 98 97 9% 96 95 95 94 94 3 93 92 91
a5 59 Q99 93 98 97 97 95 95 95 94 94 93 9 92 91
47 99 99 98 98 97 97 96 95 95 94 94 9 93 92 92
48 99 99 98 98 a7 97 296 95 95 a4 94 9 93 92 92
49 99 99 38 98 97 97 26 96 35 94 94 93 23 92 92
50 39 99 L] 98 97 a7 a6 96 95 95 94 9 93 92 92
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TABLE X3.1 Continued
A Tamperaturs . Depression ol Wel-Bulb Thermometer (1 ~ (). *C
. °C 1.6 t7 t.8 1.9 20 2.1 22 2.3 2.4 2.5 26 2.7 28 29 in
3 75 74 7 7 69 o . .. . .
I 76 75 7] 72 70 59 67 66 65 83 62 60 59 57 55
5 77 76 74 73 Al 70 69 67 65 65 B3 62 61 59 53
] 78 77 75 74 73 71 70 69 67 66 65 63 62 & 59
7 79 77 76 73 74 72 7 70 68 57 66 65 64 62 61
8 80 78 77 76 75 73 72 7 70 68 67 66 65 54 62
9 a0 79 78 77 75 74 73 I3 71 70 68 7 66 63 R
10 a1 80 79 77 76 75 74 73 72 T 70 &3 67 66 BS
1 82 a0 79 78 17 76 75 74 72 72 Tt 1) &8 &7 £6
t2 82 81 80 79 78 77 76 75 74 73 72 70 63 68 67
t3 83 82 3 80 79 Fi: 76 75 74 73 72 T 70 69 668
14 aa 82 81 80 79 78 77 76 75 74 73 72 7 70 59
15 a4 83 a2 a 80 79 78 77 76 75 74 73 72 I 70
16 84 83 B2 -3 80" 79 79 78 77 76 75 74 73 72 Fa
17 85 84 83 a2 81 80 79 78 77 76 75 75 74 73 T2
18 85 Ba 83 82 81 81 80 79 78 77 76 75 74 74 71
19 85 85 84 83 82 81 80 79 78 78 77 76 75 74 73
20 86 85 84 83 82 82 a ap 79 73 77 77 76 75 74
21 86 85 84 a4 83 82 2 a0 a0 79 78 77 75 75 75
22 86 B6 85 84 83 82 82 a1 ao 79 78 78 77 76 75
23 a7 86 a5 84 B4 a3l 82 81 80 80 79 78 77 77 76
24 87 B6 as 85 84 83 a2 82 81 80 79 79 78 77 6
25 ar g7 86 85 84 84 a3 82 81 81 ae 79 78 78 77
26 as 87 86 85 85 84 a3 B2 4 81 ac 80 79 73 77
27 88 a7 86 86 85 84 a3 83 a2 81 3 80 79 79 78
28 83 ar 87 86 B85 85 84 83 .82 B2 a1 ao 80 79 78
29 83 88 a7 86 86 a5 84 &3 -B3 82 a1 a 80 79 79
e 89 a8 87 86 86 a5 84 84 83 82 a2 81 80 80 79
N 83 88 87 a7 86 a5 85 84 83 fik] az2 :3] 81 80 i
32 89 a3 as a7 86 86 85 84 34 83 az 82 81 80 80
33 a9 83 88 87 86 86 85 85 84 83 83 82 at 81 a0
34 89 89 88 87 a7 86 a5 85 84 84 83 82 82 81 80
35 a9 89 g8 88 ar 86 86 as 84 84 82 83 82 a at
36 90 a9 88 a8 37 ar 86 85 85 84 84 a3 82 a2 at
37 a0 a9 89 a8 a7 87 86 86 85 a4 g4 83 83 82 81
38 30 a9 89 88 88 az 36 B6 85 as a4 83 8] a2 a2
39 30 1) 89 88 ] ] a7 87 86 as a5 B4 84 83 82 82
» 40 90 20 89 [:1:3 88 87 a7 26 86 a5 B4 84 83 83 82
41 50 90 89 839 88 87 a7 86 86 85 85 a4 B4 83 82
42 90 S0 39 89 88 28 ar a7 86 a3 as 84 84 83 8l
43 91 a0 89 89 - 88 a8 87 87 86 86 85 84 a4 83 a3
a4 91 0 90 89 a8 a8 87 87 86 as as a5 B84 B84 8l .
45 9n 90 90 89 89 a8 88 B7 a6 86 85 as a4 B4 83
46 91 90 90 ag a9 a8 88 87 87 86 a6 as as 84 84
47 91 91 90 89 89 a8 88 87 a7 86 86 a5 85 84 84
48 91 91 90 90 a9 89 88 87 ar 86 86 85 85 84 B4
a3 91 a1 50 90 89 89 88 a8 87 87 86 86 85 85 B4
50 91 91 50 90 a9 89 a8 88 a7 a7 86 86 85 85 84
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TABLE X3.1 Continued
‘;Temperature Depression ol Wet-Bulb Thermometer (1 — t_}. °C
iry. °C Ry 3.2 3.3 34 3s 16 37 38 3.9 a0 a1 4.2 43 14 45
5 56 55 54 52 514 50 45 47 46 45 S ..
-] 58 57 56 54 5] 52 5t 49 48 47 45 44 42 +2 it
7 60 59 57 59 55 54 52 51 50 49 48 46 45 +d 43
3 61 60 59 58 57 55 54 53 52 51 50 48 LY Y- 45
9 53 62 60 59 58 57 56 55 54 53 51 50 49 48 a7
10 64 63 62 6t 60 58 57 56 55 54 53 52 5t S0 49
[} 65 64 B3 62 61 &0 59 58 57 56 55 54 53 52 31
12 66 65 64 63 62 61 60 59 58 57 56 55 54 53 52
13 67 66 65 g4 63 62 61 60 60 59 58 57 56 55 54
14 68 67 66 66 65 7] 63 62 81 60 59 58 57 36 53
15 69 64 67 &7 66 65 B4 6] 62 61 60 59 58 37 57
16 70 69 68 68 67 66 B5 54 63 52 61 60 60 39 58
17 Al 70 69 68 68 67 86 65 64 62 62 62 61 80 59
18 72 FA] 70 B89 68 58 87 [-5] 65. 64 63 63 62 51 50
19 73 712 n 70 69 58 68 67 66 65 64 64 B3 62 51
20 73 72 72 7 70 69 68 68 67 66 B5 B4 64 83 62
21 74 73 72 72 " 0 69 68 68 67 66 65 BS Bd 653
22 75 74 73 72 FAl EA] 70 69 68 63 67 66 65 65 64
23 75 74 74 73 72 A 71 70 69 68 63 67 66 &6 65
24 76 75 74 73 13 72 FAl 7 70 69 68 1] o7 [3:3 66
25 76 15 75 74 73 73 72 Tt 70 70 69 &8 68 67 86
26 77 76 75 75 74 73 72 72 7 70 0 69 65 68 &7
27 77 76 78 75 74 74 73 72 72 n 70 70 59 68 68
25 78 7 75 76 75 74 74 73 72 72 H 70 70 69 68
29 78 77 77 78 75 75 7 73 7 72 72 71 70 70 69
a0 78 78 77 78 76 75 75 74 7 73 72 71 71 70 70
N 79 78 78 77 76 75 75 74 74 73 73 72 7 Fa| 70
32 79 79 78 77 77 6 75 75 74 74 73 72 72 ra) k)
33 80 79 78 78 77 4] 76 75 75 74 73 73 T2 72 7
34 80 79 79 78 77 77 76 76 75 74 74 73 73 72 72
35 80 80 79 78 78 77 77 76 75 75 74 74 73 73 72
kel:} a1 80 79 79 78 78 77 76 76 75 75 74 74 73 72
37 a1 80 BO 79 79 78 77 77 76 76 75 75 74 73 73
38 81 a1 BO 79 79 78 78 77 77 76 75 75 74 T4 73
39 81 a1 80 80 79 79 78 7 77 76 76 75 75 74 74
40 82 81 B1 80 79 79 78 78 77 77 76 76 75 75 74
41 82 81 81 " 80 80 79 79 78 78 7 77 76 75 75 74
42 82 82 31 81 80 79 79 78 78 77 77 76 76 75 75
43 82 a2 81 31 80 80 79 79 78 78 7 77 16 76 75
44 83 82 B2 A 80 80 73 79 78 78 77 77 76 76 75
45 83 82 82 81 81 80 a0 79 79 78 8 17 77 76 76
46 83 82 82 a1 3] 80 80 79 19 73 78 17 17 75 75
47 83 a3 82 82 81 81 B0 &0 79 79 78 78 77 77 76
48 83 83 az2 B2 B a1 80 80 79 79 78 78 78 77 77
49 84 83 83 82 82 a1 at 1) BO 79 79 78 78 77 77
50 84 83 83 82 a2 a1 -1} B0 8O 79 79 78 18 7 77
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TABLE X3.t Continued
A Temperature Depression of Wel-Bulb Thermometer (f ~ ). *C
n. °¢ 16 47 48 49 5.0 5.1 5.2 53 5.4 55 5.6 57 5.8 5.9 50
5 g et:} 7 6 34 . ..
7 a2 40 39 38 a7 36 s 3 32 31 30 29 28 27 25
8 a4 43 42 40 39 38 37 36 35 34 3 32 30 29 28
9 46 45 44 43 42 40 39 38 37 6 35 34 ok ] 2 3t
10 48 47 46 45 44 43 42 40 19 a8 37 36 35 34 13
1" 50 493 48 a7 46 45 44 [ x] 42 41 40 39 3 37 16
12 51 50 49 48 47 46 45 44 44 43 42 41 40 39 18
13 53 52 51 50 49 48 47 46 45 44 43 43 42 41 40
14 54 53 52 52 51 50 49 48 47 46 45 44 43 43 ay
15 56 55 54 53 52 51 50 50 49 48 a7 46 a5 44 a3
16 57 56 5% 54 54 5] 52 5t S0 49 48 48 a7 45 45
17 58 57 56 56 35 54 53 52 52 51 50 49 48 48 47
18 59 s8 58 57 56 55 54 . 54 53 52 51 51 50 49 Y
1% 60 60 59 58 57 56 56 35 54 53 53 52 51 50 50
20 61 61 60 59 58 58 57 56 55 55 54 53 32 52 51
21 62 62 . 61 60 59 59 58 57 56 56 S5 54 54 53 52
22 63 63 62 61 60 60 59 58 57 57 56 S5 55 54 53
2] 64 63 63 62 1] 61 60 59 58 58 s7 S6 56 55 54
24 65 64 64 63 82 61 61 60 59 59 58 57 57 56 33
25 66 65 64 64 63 62 62 61 60 60 59 58 53 57 55
26 66 66 65 64 b4 63 62 62 61 60 60 59 59 58 57
27 67 66 66 65 64 64 63 B3 62 3] 81 80 59 59 58
28 68 67 66 66 65 65 64 53 63 62 61 61 60 60 39
29 68 €8 67 56 66 65 65 654 63 63 62 62 61 s 60
30 69 68 68 67 66 66 65 65 -64 63 63 62 62 61 61
N 69 6% 68 68 67 66 66 65 85 84 64 83 - B2 62 61
32 70 69 63 68 68 67 66 €6 - BS 65 64 B4 63 62 62
33 7 70 69 69 68 68 67 67 66 65 65 64 64 63 63
34 71 70 70 69 69 68 67 67 65 66 65 65 64 64 %]
35 Al 7 70 70 69 69 68 68 87 66 66 65 B85 64 64
36 72 71 IA!l 70 70 69 69 68 68 67 66 66 65 65 b4
37 12 72 T 7% 70 70 £9 69 68 68 67 a6 66 - B3 65
38 73 72 72 Al Ial 70 70 69 69 68 67 67 66 66 55
a9 73 73 72 72 I 7t 70 69 69 68 - 68 67 67 66 66
40 74 73 72 72 71 71 70 70 59 69 68 68 67 67 66
4 74 73 73 72 72 Ia!l 7 70 70 69 69 68 &8 57 67
A2 74 74 73 73 72 72 Il 71 70 10 69 69 68 68 67
43 75 74 74 73 73 72 72 m 71 T0 70 69 69 68 68
44 75 74 74 73 73 72 72 71 71 7t 70 70 69 69 68
45 75 75 74 74 73 73 72 72 Fa) 7 10 70 69 69 69
46 16 75 75 74 74 73 73 72 72 n Al 70 70 69 69
a7 76 75 75 74 74 73 73 72 72 T2 7t A 70 70 69
48 76 76 75 75 74 74 73 e 72 72 Fal T FAl 70 70
a9 76 76 75 75 74 74 74 73 73 72 72 kA 7% 70 70
50 7 76 76 75 75 74 74 73 73 73 72 72 7 7 70
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TABLE X3.1 Continued
A Temperalure Oepression of Wetl-Bub Thermometer (1 — ¢ ), *C
i °C 6.1 62 6.3 64 6.5 66 6.7 58 69 70 Tt 72 T3 74 75
e AU A ———— 0
8 27 26 25 24 2] 22 21 20 19 )] o
9 30 29 28 27 26 25 24 23 22 P 20 19 18 17 13
10 32 ki 3o 29 28 27 26 25 24 23 22 21 20 20 19
1 35 34 33 32 N 30 29 28 27 25 25 24 23 22 21
12 37 36 35 34 a3 32 31 30 29 29 28 27 26 25 24
13 39 38 7 36 a5 34 34 33 3z k3l 3o 29 28 27 27
14 al 40 339 38 37 7 36 a5 24 3 32 k1 3 10 29
15 a3 42 a1 40 39 a3 as 37 36 35 J4 Ja 3 32 I
16 a4 44 43 42 a1 40 as 9 - 38 37 36 35 35 34 "33
17 a5 45 a4 44 43 42 41 40 40 39 Ja 7 37 36 as
18 47 47 46 a5 a4 14 43 12 41 41 40 39 aa 18 a7
19 49 48 a7 47 45 45 a4 44 43 42 41 41 a0 39 a9
20 50 49 43 48 47 ar 46 a5 44 44 43 42 47 0 40
4l 31 51 50 43 49 a8 a7 46 45 45 44 44 43 42 42
22 53 52 5 50 50 49 48 43 47 46 46 45 44 a4 a3
23 54 53 52 32 51 50 50 49 48 48 47 45 4§ 45 . 44
24 55 54 33 53 52 51 51 50 50 49 48 48 47 46 45
25 56 35 - 54 54 53 53 S2 51 5t 50 493 49 48 43 47
26 57, 56 55 55 54 54 53 52 52 51 50 50 49 49 a8
27 8. 57 56 56 55 54 54 53 53 52 51 51 5Q 50 a9
28 58 58 57 57 56 535 55 54 54 5) 52 52 54 51 50
29 39 59 58 57 57 56 56 55 55 54 53 53 52 52 51
30 60 59 59 58 58 57 57 56 55 55, 54 54 53 53 52
n 61 60 60 59 58 58 57 57 56 56 55 55 54 53 53
32 -3} ] 50 60 59 29 58 58 57 56 56 55 55 54 54
33 62 61 61 60 60 59 59 58 58 57 57 56 56 55 55
34 63 62 62 61 6% 60 59 59 58 58 57 57 56 56 55
35 %] 63 62 62 Bt 61 60 2] 59 59 58 58 57 57 S6
36 64 63 63 62 62 61 61 60" &0 59 59 58 58 57 57
37 64 64 [} 63 62 62 61 61 B0 60 59 59 58 58 57
38 65 64 64 63 63 62 62 61 61 60 60 59 59 58 58
39 B5 65 64 64 63 B3 62 62 61 61 61 60 60 39 59
40 &6 65 65 64 64 63 63 63 62 62 &t 61 60 680 59
41 66 66 685 65 B4 64 63 %] 83 62 52 &1 61 60 60
42 67 66 66 65 65 64 od B4 B3 63 62 62 61 61 60
43 67 67 66 66 b5 85 64 64 B4 63 63 62 62 5% 6%
44 63 &7 67 66 66 65 65 64 64 [-2] 63 i} 62 62 61
45 68 68 67 67 66 66 B85 65 64 64 64 63 63 B2 62
ag, 638 68 68 67 67 66 66 65 85 64 64 54 83 63 62
47 59 68 68 67 67 67 686 -] 65 B85 64 654 84 63 63
48 B9 63 [-1:] 68 87 657 &7 66 66 65 65 64 54 64 B3
49 70 63 69 68 68 &7 67 56 66 66 65 65 54 64 64
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TABLE X3.1 Contnuved
Temperature Oepresswon of Wel-Bully Thermometer (1 — 1_). "0
n °C 7.6 77 70 79 80 8.1 82 8.3 8.4 8.5 86 87 as 89 94
2 15 14 13 12 11 .. . . .

10 T 17 16 15 e 13 12 1t 10 9 ] 7 6 5 )
11 20 20 19 18 17 16 15 14 13 12 ' 10 10 9 9
12 23 22 21 21 20 19 18 17 16 15 b 14 13 12 3]
13 26 25 24 23 22 21 21 20 19 18 17 1.3 1153 13 (¥
1d 28 27 26 26 25 24 23 22 21 3 20 15 2] 17 17
15 30 29 29 28 27 26 25 25 24 23 22 22 21 29 19
15 3 32 N 30 2% 28 28 27 26 25 25 24 23 22 22
17 34 34 a3 32 31 31 30 29 28 28 27 26 25 25 24
18 36 35 35 34 N 32 32 N 30 30 29 28 28 27 25
19 k] 37 36 J6 35 34 3¢ k) 32 32 k3! 1) 29 29 28
20 39 39 a8 37 37 36 35 35 34 31 ek ] 32 N kil 30
23 LR 40 40 i) 38 38 ks 36 36 35 34 J4 a3 32 32
22 42 42 41 a0 40 39 39 38 37 37 36 35 a5 34 k!
23 24 43 43 42 41 41 a0 39 39 Ja 38 37 36 36 a5
24 45 ° 44 a4 43 43 42 41 41 a 40 39 a8 a7 ar 16
25 46 46 45 44 44 43 43 42 a2 41 40 40 39 39 k]
26 47 47 45 45 45 44 44 43 a3 42 42 41 40 40 39
27 43 48 a7 47 45 46 45 45 ad 43 43 42 42 41 41
28 50 49 48 48 47 47 46 46 45 45 44 43 43 42 42
29 51 50 49 49 48 48 a7 47 46 46 45 45 44 43 a3
30 51 51 50 50 49 49 48 48 47 47 a6 46 45 45 a4
31 52 52 51 51 50 50 49 49 48 43 47 47 46 a6 45
32 53 53 52 52 5 5t 50 50 49 49 48 48 47 47 46
33 54 54 53 52 52 51 5t 50 50 49 49 48 43 47 47
34 55 54 54 53 53 52 52 51 -1 50 50 49 49 448 48
35 56 55 §5 54 54 53 53 52 52 51 51 50 50 49 49
36 56 56 55 55 54 54 53 53 52 52 5) 51 50 50 50
37 57 56 56 55 55 54 54 54 33 53 52 52 5 51 50
38 58 57 57 58 56 55 55 54 54 53 53 52 52 51 51
39 58 58 57 57 36 56 55 55 54 54 54 53 a3 52 52
40 59 38 58 57 57 56 56 56 35 §5 54 54 53 53 52
41 59 5% 58 58 57 57 57 56 36 55 35 54 54 53 53
42 60 59 59 58 58 58 57 57 56 56 35 55 55 54 34
43 60 60 59 . 59 59 58 58 57 537 56 56 58 55 55 34
44 61 60 60 €0 59 59 58 58 57 57 37 58 56 55 35
45 61 61 60 60 60 59 59 58 58 57 57 57 56 56 85
45 62 61 61 81 60 60 59 59 58 58 38 57 57 56 56
47 62 62 ] 61 61 60 50 59 59 58 58 58 57 57 56
a8 63 62 62 61 61 61 60 60 59 59 5% 58 58 ST 57
a3 63 63 62 62 61 61 61 60 60 59 59 59 58 58 57
50 64 63 63 62 62 61 61 61 80 60 59 59 59 58 58
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TABLE X3.1 Continved
Ar Temperature ) Depression of Wet-Buib Thermometer (1 — 7). °C
. °C 9.1 9.2 9.3 9.4 9.5 96 97 9.8 9.9 10.0 10.1 10.2 103 104 10 5
11 7 B 5 4 3 2 2 ..
12 10 9 ] ) 7 b 5 4 3 2 .. .
13 12 12 " L] 10 9 8 7 7 6 3 4 3 3 b
14 16 15 4 13 13 12 11 10 10 9 8 7 6 ] 5
15 18 18 17 16 15 15 14 13 12 12 11t 10 9 9 8
16 21 20 19 19 18 17 17 16 15 14 14 13 12 1" 11
17 23 23 22 21 20 20 19 18 18 17 16 15 15 14 13
18 25 25 24 23 22 22 21 21 20 19 19 18 17 17 16
19 27 27 26 25 25 24 23 23 27 21 21 20 19 19 18
20 29 29 28 27 27 26 25 25 24 24 23 22 22 2t 20
21 n I 30 29 29 28 27 27 26 25 23 24 24 23 22
22 3 32 32 k) 0 30 29 29 28 27 27 26 25 25 24
23 34 34 k) 33 32 ki i 0 30 29 28 28 27 27 26
24 3B 35 35 34 J4 33 a2 32 ) 3 30 30 29 28 28
25 37 37 36 36 a5 35 24 33 a3 32 32 3 k1] e 30
26 39 38 8. 7 7 36 35 35 34 34 33 33 32 R h
27 40 40 39 B a8 37 3z 36 36 35 35 24 34 N 33.
28 41 4 40 40 39 39 38 3B ki 36 36 as 35 34 34
29 42 42 9 41 Ll] 40 39 39 8 33 7 7 36 36 as
30 44 43 42 42 41 a4 40 40 39 9 8 a3 3?7 37 36
N 45 44 44 43 43 42 42 41 a1 40 40 9 39 38 aa
3z 45 45 45 a4 a4 43 43 42 42 41 41 40 40 39 a9
33 45 46 45 45 45 44 44 43 43 42 42 41 1 40 a0
34 47 a7 a5 46 45 45 45 44 44 43 43 42 42 a1 41
as 48 ag 47 a7 46 45 45 45 44 44 44 43 43 42 42
36 49 49 48 48 47 a7 a6 a6 a5 45 44 44 44 43 43
7 50 49 49 45 48 48 47 47 48 46 45 a5 a4 44 44
a8 51 30 50 49 43 48 483 47 47 a7 46 45 45 45 44
39 5 51 50 50 50 43 49 48 43 47 47 45 46 46 45
40 52 52 51 5t 50 50 49 49 49 48 43 47 47 46 46
a1 53 52 52 51 51 50 50 50 49 49 43 43 43 47 47
a2 53 Lk] 52 52 52 5 51 50 50 49 49 49 48 48 47
43 54 53 53 5] 52 52 31 51 ‘51 50 50 49 49 43 48
a4 54 54 54 53 53 52 52 52 51 51 50 50 50 49 49
45 55 55 54 54 53 53 53 52 52 51 51 51 50 50 49
46 56 35 55 54 54 54 53 53 52 52 52 51 51 50 50
47, 56 56 55 55 54 54 54 53 53 52 52 52 51 51 51
48 57 56 56 55 55 55 54 54 53 $3 53 52 52 52 51
49 57 57 56 56 55 55 55 54 54 54 53 53 52 S2 52
50 58 ST 57 56 56 56 55 55 54 54 54 53 53 33 52
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TABLE X3.% Continved
Ar Temperature Depression of Wet-Bulb Thermometer |t — t_). °C

0. *C 10.6 10.7 0.8 10.9 1.0 14 1.2 13 114 (AR} 116 17 118 19 120
14 4 3 k| 2 .- .. .. ..
15 7 6 6 S 4 d | 2 . L. . . .
16 10 9 9 8 7 7 [ 5 4 é 3 2 2
17 13 12 1t " 10 9 9 a 7 7 6 5 5 4 3
18 15 15 14 13 12 12 m 1" 10 9 9 8 7 7 8
19 18 17 16 16 15 14 14 13 12 12 T 11 10 9 9
20 20 19 18 18 17 17 16 15 15 14 14 13 12 2 "
21 22 21 21 20 19 19 18 18 17 16 16 15 15 ] 14
22 24 23 23 22 21 21 20 20 19 19 ! 17 7 1 16
23 26 25 24 24 23 23 22 22 21 20 20 19 13 18 i
24 27 27 26 26 25 25 24 23 23 22 22 21 21 20 20
25 29 28 28 27 27 26 26 25 25 24 24 23 23 22 22
286 N 30 29 29 28 28 27 27 26 26 25 25 24 24 23
27 J2 31 Hn 30 30 29 29 28 28 27 27 26 26 25 25
28 3 a3 32 32 3 a1 20 30 29 29 28 28 27 27 26
29 3as 3a- J4 i) 33 32 32 n n 30 30 29 29 28 28
30 6 as 35 34 34 34 33 33 32 32 k) k) kly) 30 29
kil 37 37 J6 36 35 35 34 34 33 33 3z 32 32 n kL
J2 e} 38 a7 37 36 38 35 35 35 34 34 a3 33 32 k¥
33 39 39 38 38 8 37 37 36 36 s as 4 34 33 a3
34 40 40 39 39 39 38 8 a7 a7 36 36 i) 33 a5 34
315 41 41 40 49 40 J9 k1) g 38 37 37 7 36 36 s
16 42 42 41 a1 41 40 40 39 as 38 38 k] 37 37 36
37 43 43 42 42 41 41 41 40 40 39 39 kl:] 38 38 7
k1] 44 44 43 43 42 42 41 41 41 40 40 39 39 39 8
39 45 44 44 44 43 43 42 42 42 41 41 40 a0 39 39
40 a5 45 45 44 42 44 43 43 42 42 42 41 41 40 40
41 46 46 45 45 45 a4 44 44 43 43 42 42 42 41 4
42 47 47 46 46 45 as 45 44 44 43 43 a3 42 42 42
43 a3 47 47 47 48 46 45 45 45 44 44 43 43 43 42
44 48 48 43 47 47 46 45 46 45 45 45 44 44 a3 43
a5 49 49 48 48 47 a7 47 46 46 46 45 45 44 44 a4
46 50 49 49 48 48 48 47 47 47 46 46 46 45 45 44
a7 50 S0 49 49 49 48 43 48 47 47 46 45 45 45 45
48 51 50 50 50 49 43 49 a8 48 47 47 47 46 46 46
49 51 51 o 50 50 49 49 49 43 48 43 47 47 47 46
S0 52 5 51 51 50 50 50 49 49 49 48 48 48 47 a7
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TABLE X3.t Continued
Air Temperature Depression ot Wet-Bulb Thermometer {t = (). °C

fr. °C 120 122 123 124 125 126 127 128 529 130 131 132 133 134 13
17 3 2 . . . . .. )
18 3 5 4 4 3 2 2 e L. L. L
19 8 8 7 5 6 5 4 4 a 3 2 o o . )
20 1t 10 9 9 a ] 7 6 6 5 5 4 4 3 2
21 12 12 12 11 11 10 9 9 a 8 7 7 6 6 5
22 15 15 14 13 13 12 12 1 1 10 10 9 9 8 7
23 17 17 16 16 15 14 14 13 13 12 12 1t " 10 10
24 19 19 18 18 17 1?7 16 15 15 14 14 13 13 12 12
25 23 20 20 19 19 18 18 17 17 16 16 15 15 14 14
26 23 22 22 21 3 20 20 19 19 18 18 17 17 16 15
27 24 24 23 23 22 22 2t 21 20 20 20 19 19 18 18
28 26 25 25 24 24 24 22 23 22 22 21 2 20 20 19
29 27 27 26 26 26 25 25 24 24 23 23 22 22 21 21
30 29 28 28 27 27 27 26 26 25 25 24 24 23 23 22
1 30 30 29 29 28 28 27 27 27 26 26 25 25 24 24
32 3 e} 31 30 30 29 29 28 28 27 27 a7 26 26 25
33 33 32 32 N N 30 30 30 29 29 28 28 27 27 27
34 34 33 33 32 2 2 ki N a0 30 30 29 29 28 28
35 35 4 34 4 3 33 32 32 a2 n It 30 30 29 29
36 38 35 35 35 34 34 33 a3 33 32 3z 3 n n 30
37 7 36 a6 36 35 3s 34 34 34 N 33 32 32 az k3]
a8 ji}:] 37 37 a7 3a 36 35 35 hE) ket 34 k] 33 33, 32
39 39 38 38 33 37 37 36 36 36 35 35 kL] 34 34 )
40 40 39 39 38 38 a8 37 37 36 6 36 35 35 a5 34
4t 40 40 40 a9 39 kt:] el:} 38 37 37 37 36 36 36 35
42 41 41 40 40 40 ] 39 9 38 i} 37 37 37 36 36
43 42 42 41 41 40 40 40 39 39 39 28 38 38 37 37
24 43 42 42 42 41 a1 40 40 40 39 39 39 38 38 38
45 43 43 43 42 42 42 41 4% 41 40 40 39 39 39 aa
46 a4 44 43 43 43 42 42 42 41 41 41 40 40 19 as
47 45 44 44 44 43 43 43 42 42 42 a1 41 a1 40 40
48 45 45 45 44 44 44 43 43 43 42 42 42 41 41 41
49 46 45 "45 45 45 44 44 44 43 43 43 42 42 42 41

- 50 47 46 a8 45 45 45 44 44 44 43 43 a3 42 42 42

Air Temperature Depression of Wet-Bulb Thermomaeter {f ~ [ ). °C

. *C 13.6 13.7 13.8 13.9 120 144 14,2 14,3 14,4 145 14,6 14.7 148 12,9 15.0
20 2
21 4 4 3 3 2 2
22 7 6 5] 5 5 4 4 3 3 2 2 . . e .
23 9 9 8 a 7 7 -] 6 5 5 4 4 J 3 2
24 1" 11 10 10 9 9 8 8 7 7 6_ 6 5 5 4
25 13 13 12 12 1 1" 10 10 10 ] 9 8 8 7 7
26 15 15 14 14 13 13 12 12 12 1 " 10 10 9 9
27 17 17 16 1% 15 15 14 14 13 13 13 12 12 1" "
28 19 18 18 18 17 17 16 16 15 15, 1¢ 14 14 13 13
29 21 20 20 19 19 18 18 17 17 17 16 15 15 15 14
30 22 22 2 21 20 20 19 19 19 18 18 17 17 16 16
N 24 23 23 22 22 21 2t 21 20 20 19 19 18 18 18
32 25 24 24 24 23 23 22 22 22 2t P4 20 20 20 19
33 26 26 25 25 25 24 24 23 23 23 22 22 21 21 21
34 27 27 27 26 26 25 25 25 24 24 24 23 23 22 22
35 29 28 28 28 27 27 26 26 26 25 25 24 24 24 23
35 30 29 29 29 28 28 28 27 27 28 26 26 25 25 24
7 N 3 30 30 29 29 29 28 28 28 7 27 26 26 26
a8 a2 32 3 Hn 0 30 30 29 29 29 28 28 28 27 27
19 a3 33 32 32 n N ki 30 30 3o 29 29 29 28 28
40 34 34 2 33 32 32 32 N 31 31 0 30 30 29 29
a1 as 2 34 34 3 13 33 32 32 32 N 3 n 30 30
a2 % 35 35 as 4 34 34 33 33 3 32 32 n n n
43 36 36 36 s 35 as 34 Ja J4 3 a3 33 a2 32 3z
a4 37 a7 37 36 36 36 35 a5 a5 a 34 34 3 a3 33
45 38 aa 37 a7 37 a6 36 a6 a5 35 kL1 34 34 34 k)
46 19 ki) 38 a8 37 a7 ” a6 36 36 35 35 35 s 3
47 a0 kel 39 39 ag ki:] i3 a7 37 a7 36 36 36 35 35
48 40 40 a0 39 39 39 28 as 38 ar 37 7 36 .36 6
49 a1 a1 40 30 40 39 3 39 a8 38 38 »” 7 kY 16
50 42 4y a0 a 40 40 40 39 39 a3 38 a8 38 a7 7
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TABLE X3.1 Continued
Ar Temperature Deoression ¢! Wer-Bulb Thermometer (¢ — 1), °C

. °C 15.1 15.2 153 ‘15.4 185 15.6 157 15.8 15.9 6.0 161 16.2 16 3 1654 153
22 2 L. c. o S
24 4 3 3 3 2 2 .. ..
25 ] 6 5 5 4 4 3 3 3 2 2 .
25 8 8 7 7 7 6 [} 5 5 ¢ 4 i) J 3 2
27 10 10 9 9 9 ) -] 7 7 6 -] 6 5 5 :
28 12 12 11 1" 0 10 10 9 9 8 21 8 7 7 5
29 14 14 13 13 12 12 " 11 1" 10 10 9 2 -] q
30 16 15 15 14 14 14 13 13 12 12 12 1 11 10 e
n 17 17 16 16 16 15 15 14 14 14 12 13 12 12 | ¥
32 19 18 18 18 177 17 16 16 16 15 15 14 t4 14 11
33 20 20 19 19 19 13 18 18 17 17 16 16 ] 15 13
34 22 21 4l 20 20 20 19 19 19 18 18 17 17 17 15
a5 23 23 22 22 21 21 21 20 20 20 19 19 18 13 13
36 24 24 23 23 23 22 22 22 23 21 21 20 20 19 19
Y 25 25 25 24 24 24 23 23 22 22 22 21 21 21 20
8 26 26 26 25 25 25 24 24 24 23 23 23 22 22 22
39 28 27 27 26 26 26 25 25 25 24 24 24 23 22 23
40 2" 28 28 28 27 27 26 26 26 25 25 25 24 24 2
a1 a0 29 29 29 28 28 28 27 27 27 26 26 26 25 25
41 30 30 30 29 29 29 28 28 28 28 27 a7 27 26 25
43 I N ki 30 30 kir) 29 29 29 28 28 28 ar 27 7
44 32 32 32 3 k3 N 30 30 30 29 29 29 28 28 28
45 33 33 32 32 32 N N k)| k) 30 30 20 29 29 29
46 34 34 kX] 33 33 32 32 32 I N 3] 30 0 ki 20
47 3s 34 kS 34 1 33 o 2 32 32 2 3t N n 30
48 35 35 35 34 34 34 34 33 32 3 2 2 32 N 3
49 36 26 35 35 35 35 34 34 34 3 33 1 32 32 32
50 37 6 36 36 36 3s 35 5 34 4 4 33 33 2 kx|

Air Temperature Oepression of Wet-Bulb Thermometer (1 = ¢}, °C

. °c 166 167 168 169  17.0 17.1 17.2 17.3 17.4 175 17.6 17.7 178 17.9 180
26 2
27 4 3 3 3 2 2 C . .
28 6 5 5 5 4 4 3 3 3 2 2 . .- e L
29 B 7 7 7 & [:] 5 5 5 4 4 3 3 3 2
30 10 9 9 8 8 a 7 7 7 6 6 5 3 5 4
n 1" 1% 11 10 10 ] 9 9 8 8 8 7 7 ] 5
32 13 13 12 12 11 " 1t 10 10 10 9 9 g 8 a
33 15 14 14 13 13 13 12 12 12 11 11 11 10 10 19
34 16 16 15 15 15 14 14 14 13 13 12 12 12 " 1t
35 17 17 17 16 16 16 15 15 15 14 14 14 13 13 13
36 19 18 18 18 17 17 17 16 6 16 15 15 15 14 14
7 20 20 9 19 i3 18 18 18 17 17 17 16 16 16 15
38 21 21 2 20 20 20 19 19 19 18 18 t8 17 17 17
39 22 22 22 21 3 21 20 20 20 19 19 19 19 18 18
40 24 23 23 23 22 22 22 21 21 21 20 20 20 19 19
a1 25 24 24 24 23 23 23 22 22 22 21 2 21 20 20
42 26 25 25 25 24 24 24 23 23 23 22 22 22 22 21
43 27 26 26 26 25 25 25 24 24 24 23 2] 23 23 22
44 27 27 27 27 26 26 26 25 25 25 24 24 24 24 23
45 28 28 28 27 27 27 27 26 26 26 25 25 25 24 24
46 29 29 29 28 28 28 27 27 27 27 26 26 26 25 25
a7 30 30 29 29 29 29 28 28 28 27 27 27 27 25 26
48 3 N 0 30 30 29 29 29 29 28 28 28 27 27 27
49 R N 31 k) 30 30 a1} 30 29 29 29 28 28 28 28
50 32 32 32 3t 3 N 31 30 30 30 30 29 29 29 25
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TABLE X3.1 Continued
ﬁe:nperalure Depression of Wel-Bulb Thermomeler {1 = 1_), °C
try. °C 181 18.2 18.3 18.4 185 18.6 18.7 18.8 18.9 19.0 19.1 19,2 19.3 194 19.5
29 2 2 2 .. L
30 4 3 k| 3 2 2 2 L . L.
kil 6 5 5 5 & 4 4 k} 3 2 2 2
32 7 7 7 & 6 6 5 5 5 4 4 q k] k] !
33 9 9 8 8 8 7 7 7 6 [ 3] 5 5 S 4
34 " 10 10 10 9 9 9 8 8 8 7 7 7 [ 6
35 12 12 12 1t 1" 1" 10 10 10 9 9 9 ] 8 8
a6 14 13 12 13 12 12 12 11 11 "o 10 10 10 9 9
37 15 15 14 14 14 13 13 13 a2 12 12 12 1 1" 1
38 16 16 16 15 15 15 14 14 14 13 13 13 13 12 12
39 15 17 17 17 16 16 16 15 15 15 14 14 14 14 13
40 19 18 18 18 18 17 17 17 16 16 16 15 15 15 15
at 20 20 19 19 19 18 18 18 17 17 17 17 1] 1 15
42 21 21 20 20 20 19 - 19 19 19 18 18 18 17 17 17
43 22 22 21 2 21 21 20 20 20 19 19 19 19 18 18
44 23 23 -3 22 22 22 21 21 21 20 20 20 20 19 19
45 24 24 23 23 23 22 22 22 22 21 21 2t 21 20 20
46 25 25 24 24 24 - 23 23 23 2] 22 22 22 A 2 21
47 26 25 25 25 25 24 24 24 22 23 23 22 22 22 22
48 27 26 26 25 25 25 25 25 24 24 24 24 23 23 23
43 27 27 27 27 2 26 26 25 25 25 25 24 24 24 24
S0 28 28 28 27 27 27 26 25 26 28 25 25. 25 5 24
Ay Temperatyre Depression of Wel-Bulb Thermometer (f — 1), °C
. °C 196 19.7 19.8 19.9 200 20.1 20.2 20.] 20.4 205 206 20.7 20.8 209 2.0
32 2 2 2 :
a3 4 4 3 3 3 2 2 2
34 6 5 5 5 4 4 4 3 3 3 3 2 2 2 N
35 7 7 7 B 8 ] 5 5 5 5 4 4 4 3 3
36 9 9 B B 8 7 7 7 [ [ -} 5 5 S 5
7 10 10 10 9 9 9 a 8 a a 7 7 7 6 8
38 12 -1 1 1 10 10 10 10 -] 9 9 8 8 8 8
39 13 13 12 12 12 12 " i1 11 10 10 10 10 9 9
40 14 14 14 13 13 13 13 12 12 12 1 11 11 11 10
L3 15 15 15 15 14 14 14 t3 13 12 13 12 12 12 12
42 17 16 16 16 15 15 15 15 14 14 14 14 13 13 13
43 18 17 17 17 17 16 16 16 15 15 15 15 14 14 14
44 19 18 18 18 18 17 17 17 17 16 16 16 15 15 .15
45 20 19 19 13 19 18 19 8 18 17 17 17 17 16 16 |
46 21 20 20 20 20 19 19 9 19 18 18 18 18 17 17
47 22 21 21 21 21 20 20 20 20 19 19 19 18 18 18
48 22 22 22 2 21 21 2t 21 20 20 20 20 19 19 19
49 23 23 23 23 22 22 22 22 21 21 21 21 20 20 20
30 24 24 24 23 23 23 23 22 22 22 22 21 21 217 21
Air Temperature Depression of Wet-Buid Thermometer (1 — 1), °C
. °C DI N2 A3 N4 15 216 21.7 21.8 219 . 20 - 220 22.2 22.3 224 225
35 3 2 2 2 2
36 4 4 4 J J 3 3 2 2 2
37 6 ] 5 3 5 4 4 4 4 3 | 3 2 2 2
jet:] 7 7 7 6 1 6 6 5 5 5 4 4 4 4 3
39 9 8 L} 8 a 7 7 7 6 & [ 6 5 5 5
40 10 10 3 9 9 9 8 8 8 ;] 7 7 7 7 6
a1 11 1 1 10 19 10 10 =) 9 9 9 -] g 8 a
42 12 12 12 12 " 1t " 1 10 10 10 10 9 9 9
43 12 13 13 13 13 12 12 12 12 " 1 1 1 10 10
44 15 14 14 14 14 13 13 12 13 12 12 12 12 L] "
45 16 16 15 15 15 14 14 14 14 14 13 13 13 13 12
a5 17 17 16 16 16 16 15 15 15 15 14 14 14 14 13
47 18 17 17 17 17 16 16 16 16 16 15 T 15 15 15 14
43 19 18 18 18 18 17 17 17 17 16 16 16 16 18 15
49 20 19 19 19 19 13 18 18 18 17 17 7 17 16 16
50 20 20 20 20 19 19 19 19 19 13 18 13 18 17 17
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TABLE X3.t Continued
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Air Temperalyre
. °c

37
38
39
a0
41
42
43
44
45
46
47
43
49
50

22.6

229

23.0

Depression of wel-Bulb Thermometer (t - (), °C

23t 23.2 23.3

234 23.5

236

23.7

238

239

SWNO\QUM

11
12
13

44
15
16
17

- o me o .
T X Ty R R T

Lo N e

" 1" 10
12 12 11
12 13 12
14 14 12
15 15 4
15 15 15

2
3
5
6
7
9
10
R
12
13
14
15

LR N TR

11

13
14
14

_ .
COLBND B W

n
12
13
14

\ir Temperalture
i, °C

24.1

©24.3

Depression of Wet-Butb Thermometer (t - 1_). °C

24.6 24.7 248

249 25.0

251

25.2

253

40
4

42
43
44
45
46
47
48
49
50

WAL EMN

10

12
13
14

Do~ h B

- - -
W - O

10
1

13

RN NI

10
1
12
13

Y- RV W ORI
PEmuNB BN

1" 10 10
12 t1 11
12 12 12

GE N AN
@

WD dAWn

10 - 10
" 1"
12 12

@ N e

10
1"
L)

N

@ -~

10
11

-‘OQ@‘HC’!UIUM:

-

e N
=~ OWE YO AWM

- DWW LN

- —

\ir Temperature
M. °C

25.6

[ d
s.ll
-~

"~
.U'I
=]

N
w
o

26.0

Depression of Wel-Bulb Thermometer (1 ~ .} °C

261 26.2 26.3

26.4 26.5

26.6

268

"
@
]

7.0

43
a4
45
46
47
48
49«
50

QW NaWL e

—

ammvmmau

QUANAGL LN

Py

CWw@-~Ounum]|-:

-

QW@ W &N

-

WO NDW AL
C@ENDG A
[N VY. WPy

LENBBDN
GO NP AN

@NDAG AN

DNARWD AN

RV T

R T R

Y- ST RNy

ir Temperature
. °C

2

~
~
~n

3]
-3
(%]

n
N
»

27.5

Depression of Wet-Bulb Thermometer {{ - t.). °C

276 27.7 278

279 28.0

28

28.2

28.5

45
48
47
48
43
50

SR eLN|N

~NON LN

~N oI N

NGB L e W

LU

"Im-hUN:
nwmewn:
DAL

@ e
@ s

LI N

wawNc

[Ty

maum:

[T YN

ir Temperature
. °C

28.8

2.0

Depression of Wet-Buld Thermometer (¢ — t_), °C

29.1 29.2 29.3

29.4 295

29.6

29.7

48
49
40

e

wan|®

[ * N

&N

9.
2
3
4

2 2
3 3 2
4 4
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X4, FACTORS (B)

X4.1 Faciors (B} shown in Table X4.1 are to be used in
aining corrections to values of relative humidity as given
Appendix X3 and Table X3.1. in cases when barometric

BLE X4.1 Factars {B) Used in Obtaining Corrections lo Values
of Relative Humidily in Appendix X3

Air Temperature Correction lactor
0. °c 8. (x 107Y
1 10.0
3 B8.72
5 7.58
7 8.61
9 . 578
" 5.06
13 4.44
15 3.9
17 3.45
19 3.05
21 270
23 229
23 212
27 1.89
29 1.68
n 1.50
k] 1.34
35 21
37 .08
39 0973
a1 : , 0.876
43 D.790
45 Q713
47 0.645
49 0.584
. 30 0.556

pressure (p) differs from standard atmospheric pressyre

(101325 Pa).

X4.2 Application of the factors in Table X4.1 is indicated
by the following equation:
U= U, + Bt = 1,)(101325 — p}. in percemt

where:

U = actual relative humidity (%) at dry-bulb temperature 1,
wet-bulb temperature /... and barometer pressure p (in
Pa). )

U, = relative humidity (%) as given in X3 corresponding 10
observed values of ¢ and {+ — 1.}, on assumption
barometer pressure is 101325 Pa: .

8 = factor from Table X4.1 corresponding to observed
dry-buib temperature, ¢

NoTe—When p is greater than 101325 Pa the correction will he
negative. and when g is less than 101325 Pa the correction will be
positive,

Examples:

(1 1=200C. (¢t —t,) = L.I'C, p = 70928 Pa.
From Appendix X3, U, = 90 %: from Table X4.1, B
= 2.875 x 1075
U=90% + 2.875 x 1073 (L.1(101325 - 70928)% =
W%+ 1%=91%.

(Y t=31"C,t =t )= 14.1°C, p = 131722 Pa.
From Appendix X3, U, = 21 %; from Table X4.1, B
= 1.50'% 1075
U=21%+ 1.50 x 107* (14.1X 101325 ~ 131722)%
=Nt %-6%=15%.

X5. PRESSURE CONVERSION FACTORS

X3.1 The following are three equations for pressure con-
rsion factors;

X3.1.1 To convert millibar (mb) to pascal (Pa):
Pa = {mb) x 100

X35.1.2 To convert millimeter mercury (mm Hg) to Pa:
Pa = (mm) x 133.32
X5.1.3 To convert inches mercury (in Hg) to Pa:
' Pa = (in Hg} x 3386.4
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Gravity-Convection And Forced-Ventilaticn Ovens'
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TNOR =Scctm T on Keywaords was added whitonally March 1995,

{. Scope
L.} This_specilication_covers the performance require-

ments for general-purpose air ovens ordinarily used in testing

operauons. which have a testing chamber up to 0.6 m* (25

it') in volume. It 15 applicable to BriavIty-convection ovens

Jesigned 1o operaie over all or purt ol The emperaiure range

from_-0'C above ambient temperature 10 200°C and o,

_forced-ventilation ovens designed to uperate over all or punt

of the temperature range Irom =0°C above ambient temper-

ature 10 3OG'C.

Nore | —Ovens are designed lor maximum Operaling lemperatures
of abuur 200°C. 300°C. and 300°C. the thermal insulation and vost ol the
oven bring Jependent un the maximum emperature required.

I.2 This specification does not include salety require-

ments that are essential for ovens used in the presence ol

combustitle vapors or gases.

[.J The values stmed in inch-pound unirs are to be
regarded as the standard. The metric equivalents of inch.
pound units may be approximate.

2. Types

2.1 This specification covers the following four tvpes of
air ovens;

3L Type [4—An oven ventilated by gravity convection

having a uniformity of temperature within +2 %
d:fferential between oven and ambient lemperatures.

21.2 Type IB—An oven ventilated by gravity convection
having a uniformity of temperature within +5 % of the
differential betwesn oven and ambient temperatures,

2.1.3 Type I14—An oven having forced ventilation and a
uniformity of temperature within =t % of the differential
between oven and ambient lemperatures.

2.1.4 Tipe I1B—An oven having forced ventilation and a
uniformity of temperature within +2.5 % of the differential
between oven and ambient temperatures.

of the

3. Performance Requirements

3.1 The \emperature within the testing chamber shall be
Controllable by an automatic device. and shall be wniform
within the tolerances given in Table | for the particular type
ol oven when tested in accordance with Section 4,

3.2 The “time constant” is an arbitrary measure of the

T —— e

- +" This spevification is under the pnsdicion of ASTM Commitice E~41 on
Llhﬂnlory ApPparzius and s the direet respunsitelity of Subcommitice E 41,02 on
Metalware,

Current edition approved Auk. 15, 1994, Puhbished October 1194, Qriginaily
Publishey s E 45 - 59 T. Last grevivus edition E 143 - ot 1309,

rte at which a standard specimen is heated following the
arocedure prescribed in Section 5. The value of the time
constant shall not exceed the maximum valye given in Table
| for the particular type 29I gven.

3.3 The rate of ventilation of the testing chamber shalj
contorm 1o the requirements specified in Table 1 tor the
particular tvpe of oven when measured in accordance with
the procedure given in Section 6.

TEST METHODS

4. Temperature Uniformity

-d.1 Place nine calibrated thermocouples (Note 2) mude
-frora iron or copper-constantan wire. approximatelv 0.3 mm
in diameter {No. 24 2age) and having a junction size of not

more than 2 mm (0.08 in.). in the empty testing chamber
with shelves in place and vents open. Locate one thermo-
couple in each of the eight corners of the oven approximately
5 em (2 in.} from each wall and place the ninth thermo-
couple within 2.3 ¢m (* in.) of the geometric center of the
chamber. A minimum length of 30 em (12 in.) of lead wire
for each thermocouple shail be inside the oven to minimize
the conduction of heat from the thermocouple.

NOTE 2—I|fcalibrated thermocouples are not avaitable. nine thermo-
vouples made from th: same spool of wire may be used provided thev
give the same value for temperature swhen placed adjacent fo one
another in the testing chamber at the Iemaoerature of test.

4.2 Bring the oven to the specified temperature and allow
it 1o reach a steady state {(Note 3). Record the temperatures
of the nine thermocouples for a period of at least 24 h. and
determine [ront the record the maximum deviation of each
point from the desired temperatures. The ambient room
temperature shall vary by not more than a total of 10°C, and
the line voltage for electrizally heated ovens shall vary by not
more than a total of 5 % during the test.

NOTE 1—Some ovens mav require as much as 24 h to reach a sieady

state, If a steady state does not exist. there is a dnilt in the temperalure
toward the steady-state condition.

3. Time Constant

5.1 Heat the oven to within 10°C of the maximum
operating temperature for which it is designed and allow it to
stabilize for at least | h. Prepare a standard specimen
consisting of a2 smooth brass cylinder 9.5 £ 0.1 mm (0.375 =
0.005 in.) in diameter and 57 = | mm (2.25 = 0.05 in.} in
length. and solder one junction of a differential thermo-
coupie to it.

5.2 Open the door of the oven for | min while the
standard specimen and differential thermocouple are being
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TABLE 1 Performance Requirements for Ovens
Charactensiic N Typa 1A Type 1B Type 1A Type 18
Dewation Irom seeafied temperature of lest throughout tesling chamber during
24-h penod lor the loiawsng dilferentials between ambient and test temperaturos:

50°C cf less. max, *C . 1 25 0.5 1.25

Morg tnan 50°C. max, percent ol dilferennal 2 5 1 25
Teme constant, max, s 600 120 480 860
Raie ol ventdanon of testng chamber, air changes per hour

., 10 10 50 50

max .. Ve 200 200

suspended in the testing chamber. Suspend the specimen
vertically within 25 mm (1 in.) of the geometric center of the
chamber by means of an asbestos cord of fine wire (0.3 mm
maximum diameter, No. 30 gage). Place the free junction of
the differentizl thermocouple in the air space of the chamber
at least 75 mm (3 in.) removed from the specimen. Then
close the door and either record or measure the temperature
differential every 10 s. Determine the time in seconds
required for the temperature difTerence to decrease 1o one
tenth of the original or maximum valne {for example, from
[120°C to 12°C) and consider this to be the time constant of
the oven.

6. Rate of Ventilation (Note 4)

6.1 Seal the ventilation ports. door, and all apertures of
electrically heated ovens with adhesive tape or by other
means to prevent any air from passing through the oven
(Note 5). Connect a watt-hour meter, with the smallest
division reading in 0.01 Wh in the electrical supply line to
the oven. :

Note 4—This method is only applicabie 1o electrically heated ovens.
Methods are being developed by the committee for determining the rate
of ventilation of ovens that are not electrically heated and for deter-
- #nining the uniformity of air-llow within the testing chamber.

Note 3—In forced-ventilazion ovens, the space around the motor
shaft where it enters the oven must be closed. but the fan speed must not
be affected by the closure,

6.2 Heat the oven 1o a temperature of §0 + 2°C above the

’

ambient room tlemperature, and while at this temperature
measure the consumption of electrical energy for a period of
at least 'z h. Start and stop the test at corresponding points of
the “on-off" heating cycle, that is, at the moment when the
heaters are switched on by the thermostat,

6.3 Then remove the seals, open the ventilation ports. and
measure the consumption of electrical energy in the same
manner. The ambient room temperature measured at 3
point approximately 2 m (6 ft) from the oven. approximately
level with its base and at least 0.6 m (2 ft) from any solid
object. shall be the same within 0.2°C during the two tests.

6.4 Calcuiate the number of changes per hour of the air in
th= test chamber from the following equation:

N = 3590 (X - Y VDaT
where:
N = number of air changes per hour,
X average power consumption during ventilation, W
obtained by dividing the energy consumption deter

mined from the wartt-hour meter readings by the
duration of the tsst in hours,

Y = average power consumption with no ventilation, coms
puted in the same manner, W,

¥V = vnlume of the testing chamber, cm3, _

D = density of the ambient room air during the test. g/cm’

and :

AT = difference in temperature between the testing chambd
and the ambient roomn air, "C.

7. Keywords

7.1 forced-ventilation; gravity-convection; ovens

The Amorican Society lor Tasiing and Materlals lakes no position respacting (he validity of any parent rights asserted in connection
" with any item meniioned in this standard. Users of this standard are expressty advised that detennination of the validiry of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibiiity.

This standard is subject (0 ravision at any time by the responsible technical committes and must be reviewed overy five yasrs and
if not revised, eithar resppraved or withdrawn, Your COmments are invited either [or ravision of this standard or for additional standards
and shoutd be addressed to ASTM Headquarters. Your comments will receive carelul consideration at a maeting of the responsible
technical committes. which you may attend, if you feel that your comments have not received a lair haaring you should make your
views known (o the ASTM Committes on Siandards, 1976 Race SI.. Philadeiphis, PA 19103.
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"Measurement of
Temperature Variation and
. Recovery Time in
L-lboratory Drying Ovens

1. Introduction

Australian Standard 2853-19806' scls out a test procedure for eslablishing the
basic temperature performance characleristics of lemperalure-controlled en-
clasurcs for usc throughout indusiry. Il applies soicly o the delermination of
such characicrislics in the unloaded condilion under cither steady-stale or dy-
namic operation. A grading sysiem that classilics enclosure performance levels
is incorporaled in this standard. The lest procedure involves the measurement
of temperalure al specilic lest sites within the enclosure over a definite period
ol time. From these measurements, Lhe temperature exiremes are determined
and used 10 compute the overalt varialion. The overall variation, either directly
or as rellecicd by the enclosure grade. is the performance indicator by which
the enclosure is assessed.

Many laborataries use deving ovens for which the criteria of lemperature con-
trol and temperature uniformily within Lhe work space are less stringent and for
which verification of conformance to a panticular grade is not required. They
are, however. required by NATA as a condition of registration 1o check Lhe
temperature variation within the working space every two years. This is lo con-
firm suitsbility of the oven for use wilh the methods of analysis with which it
may be associated.

This Technical Notc has been produced to assist those laboratories wishing to
_ €arry out oven temperalure checks as an alternalive to having ovens checked
by a NATA-regislered testing authority. It describes procedures for measuring
lemperalure variation within the working space and the recovery time for labo-
ralory ovens. and it should be read in conjunction with AS 2853-1986'.

-

2. Application

When tesling a laboratory oven for other than delermining the grade, the crite-
rion of perlormance is fitness for purpose. Il the analylical procedures require
an oven lemperature 1o be maintained at a prescribed temperature within a
prescribed tolerance, then the oven must be able to comply with these require-
ments or it is deemed o be unsuitable.

For most applications within a laboratory. the oven lemperature requirements
are nol critical {e.g. a silver chloride precipitate is dried at 130°C to 150°C.~
nickel predipitited as the dimethyiglvorime compley is dricd at 100°C to
120°C for 45 10 60 minules, bismuth determined as the oxyiodide is dried at
105°C 10 1 107C to constant weight). Where a substance may be adverscly af-
fected by heat. its died in a vacuum oven or in a desiccator over a suitable
desiccant. The importamt point is thal an cifeclive diving temperalure s avail-
able throughout the working space in the oven. The method of analysis will al-
fow for cllective diving 10 take place cither by specilying a longer drying lime
than the mmumum necessaiy of by specifving thal drying be continued unlil
constant weight has been achieved.
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Measurement of Temperature Variation

and Recovery Time in

Laboratory Drying Ovens

A lemperature varialion of perhaps +2.5°C at 100°C
te 110°C may therefore be seen as acceptable for the
purposes of gravimelric analysis. corresponding lo a*
grade of $ on the scale contained in the Australian
Standard.

3. Measuring Instruments

Australian Standard 2853' requires the measuring
equipment 10 be such that the total sysiemalic uncer-
lainty of the tesl instrumentation is not greater than
0.3 of the maximum permissible overall temperature
variation in degrees Celsius, this being cilher R_, the
maximum permissiblc overall variation in degrees Cel-
sius appropriate to the relevant grade. or R , the maxi-
mum permissible overall varialion in degrees Celsius as
specified. '

The resolution of the temperaturc-measuring equip-
ment, including the sensor, must be no greater than
20.1R or £0.I1R_ (whichever is applicable) and it
must be not less than one tenth of a scale interval. fn
the case of a digilal display. it must be the smallest
change in value indicaled with the display stable.

Good quality commercial thermocouple thermometers
with a 4-digil display and capable of a system accuracy
of better than £0.5°C. with an accuracy of +0.1% of
reading and a resolution of 0.1°C, are available and
are suitable for the checking of oven lemperatures over
the range commonly cncountered in the laboratory.
Suitable thermocouple probes may consist of 2 metre
lengths of Type K {nickel-aluminium and nickel-chro-
mium)} pairs with glass fibre/resin insulating slecving and
terminated with Type K miniconneclor plugs.

3.1 Notes on the Use of Thermocouple
Probes
The beliel is prevalent that the measured emfl of 2 ther-
mocouple is generaled at the junclion or lip by the
Secbeck cffect. whereas in fact all of the observed emfl
is generaled in the thermocouple Ieads as a result of
the lemperature gradicnt sct up along the leads. Most
of the thermocouple signal is therefore localised in re-
gions of greatest temperature gradicnt. Only if the
thermocouple Ieads arc homogencous docs il behave
3s a sensor Lhat depends on the tip and cold junction
lemperalures and rol on the aclual shape of the lem-
perature prolile.

Such faclors as sirain; oxidation, conlamination and
changes in the metal latiice, all resulting from the ef-
fects of heat. combine lo produce non-uniform changes
in the thermocouple wire because of the non-uniform
temperature gradient Lo which il is subjected during
usc. The importance of this fact in thermocouple use is
thal the leads become imprinled with a particular tem-
perature gradient. When Lhe thermocouple is used in a
situation where the temperalure gradienl is diferent,
this may give rise lo gross errors in temperalure meas-
urement. ‘

The temperatures at which most faboratory drying ov-
ens operate, namcly 100°C to 250°C, and the periods

~of exposure lo these lemperatures during lest do not

significantly aifect the response of the thermocouple
probes and these effects may therefore be discounted
for the practical purposes of temperature comparison.

32 Calibration against Reference
Thermocouple
One thermocouple pair should be reserved for use as a
reference thermocouple and calibrated in conjunction
with the measuring cquipment (e.g. digital readout in-
strument) either within the laboratory against a stand-
ard thermomelcr or by an external calibrating authority,
at or close to the temperalure at which the oven Lest is
lo be carried out.

33 Comparison of Thermocouple Emfs
All thermocouple leads should be identified al the plug
end wilh durable tags. Belore carrying out the oven
temperature check, place ail of the thermocouple .
leads, inciuding the one nominaled as a reference ther-
mocouple. with their junctions in the same parl of the
oven, allow the oven to stablise at the normal operat-
ing lemperature, and record the readings given by each
probe in miflivolls or as a temperature rcadoul, as ap-
propriatc. Dctermine the correction to be applied to
cach thermocouple reading wilh reference to the read-
ing oblaincd with the reference thermocouple.

q. Recommended Test.
Procedures

Dctermince the number of test siles required and their

locations within the oven by reference to AS 2853

(Clause 5.3 and 1o Figure 1)'.
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Where the oven is not being tesled or compliance with
a particular grade, a minimum of cight lest sites,
placed necar the oven corners, on the uppermost and,
lowest sheives and about 8 1o 10cm away rom the
oven inner surfaces. should be used. Eight test sites
are sullicient for lesling oven enclosures of the follow-
ing dimensions {o the performance grades shown be-
low.

tnternal Capacily Performance grade
dimensions {cm) (m? (AS 2853 - 1986)
25x25x25 0.016

30x30x30 0.027 7
35x35x50 0.062

41 Steady-state Test

To carry oul the steady-state lest, place the thermo-
couple junctions al the lesl siles within the oven, se-
curing them loosely in position with string and avoiding
sharp bends. Record the idenlification number of each
sensor and ils position within the oven work space. Al-
low the oven temperature to slabilisc at the tempera-
ture of tesl, allowing al least S cycles of the heater
controller ar one hour, whichever is the longer, and
take readings of the temperature al each Lest site.

The indicaled temperature at cach test site will be seen
lo vary cyclically with lime as the oven heater swilches
on and ofl, The maximum and minimum emf or indi-
cated lemperature should be averaged over al feast five
complele cycles and the mean value recorded as that
of lhe lest site.

If cyclic behaviour is to be observed. it will be found
convenicnl to record the lemperature readout or the
cmf on 2 millivolt chart recorder with an inpul imped-
ance greater than 250k ohms. Il the recorder trace
shows a drilt wilh time. this may indicate either that
the oven temperaturc has not stabilised or that the
chart recorder has too low an input impedance and is
loading the thermocouple. 1f this is the casc. the out-
put from the thermocouple must be led 10 the recorder
through a buffer device with a high input impedance,
such as an operational amplificr configurcd as a voll-
age lollower.

The temperature variation may then be determined by
referring the observed emf 10 the Lable of emf versus

temperature for Lhe Type K thermocouple o be found
in BS 104 Parl 4:19667, or to Table £-97 of the CRC
Handbook of Chemistry and Physics’.

4.2 Overshoot and Recovery Time
Overshoot is defined in AS 2853' as the maximum
amount by which the measured lemperalure al the ap-
proximale centre of the working space goes beyond
the subsequent mid-range stcady-state lemperalure at
this site as a consequence of the heating up or cooling
down process.

The mid-range steady-state temperature at the centre
is determined over a time interval of $ cycles or one
hour, whichever is the longer. after removal of the dis-
lurbance and when stabilily has been achieved.

When carrying oul the test for overshool and recovery
lime. it may be convenient to use 3 charl recorder,
such as is to be found in many laboratories, since it
will record both clapsed time and emf. For this deter-
mination. one sensor is placed in the centre of the
work space in the oven.

5. Evaporative Loss Test

Where a practical performance lest on a laboratory
oven is required, the procedure described in

AS 1289.A1-1983" may be adopled. This Standard
describes a method for lesting the abilily of an oven to
¢evaporate water from Petri dishes placed at specified
posilions within the enclosed space al a témperature
of 105°C to 110°C. By this means. the extent of the
working space within which a yniform rate of evapora-
tion may be sustaincd, can be delermined.

6, Refercnices
b. AS 2853-1986 Enclosures — Temperature-
controlled — Performance Testing and Grading.

2. BS 1041 Part 4:1966 International thermocou-
ple relcrence tables: Nickel-Chromivny
Nickel-Aluminium thermocouples type K.

3. Wcast. R (Ed). Handbook of Chemistry and
Fhysics, CRC Press inc.

4. AS 1289.A1-1983 Mcthods of testing soil for
engincering purposes, Part A — General and
sample preparation — Scope and gencral.
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7 Further Reading
Bentley, Robin E. The thermocouple : A modern view,
Melals Australasia, Oct 1281, pl L.

Vogel. A I, A Textbook of Quantitative Inorganic
Analysis, Longmans.
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National Institute of Metrology (Thailand)
uo -

75/7 Rama VI Road, Thungphyathal, Rajthévi. Bangkok 10400 Tel. 248-2181 Fax. 248-4484

NIMT

Certificate of Calibration

Issued by :  Temperature Laboratory, Thermometry Department
Date of Issue : 31 May 2002 Serial Number: TL-0069/02

Page:1of 11 Pages

For . Thailand Institute of Scientific and Technological Research
196 Phahonyothin Rd., Chatuchak,
Bangkok 10900

Description :  Standard Platinum Resistance Thermometer

Model : 5681

Serial No. : 61079

Manufacturer : HART SCIENTIFIC, INC.

The reported uncertainty is based upon a standard uncertainty multiplied by a coverage faclor k=2,
providing a level of confidence of approximately 95%

Reference :  CSR No. 0096/02
Checked by : 4}'4- A Signed : _3_74, S-A—  (Authorised Signatory)

Name : Bunjob Suktat for the Director

This certificate may not be reproduced vther thon in full, except with the prior written approval of the Director of Nationel
Institute of Metrology (Thailand).
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ud National Institute of Metrology (Thailand)

NIMT
Continuation of Calibration Report on serial number TL-0069-02 Page 2 of 11 pages

Eor Thaitand Institute of Scientific and Technological Research

Pescription: Standard Platinum Resistance Thermometer

Model: 5681

Serial No.: 61079

Manufacturer: HART SCIENTIFIC, INC.

Date of Received: 8 March 2002

Measurement Period: 1 to 13 May 2002

ENVIRONMENTAL CONDITIONS:
The measurement was carried out in an ambient temperature of (23.0 £ 1.0) °C and the relative humidity of

(60 + 10) %.

‘MEASUREMENT METHOD:

The Standard Platinum Resistance Thermometer (SPRT) was calibrated with a DC bridge using continuous
currents of 1.0 mA. In accordance with the International Temperature Scale of 1990 (ITS-90) adbpted by . .
CIPM, the sub-range from 234.3156 K to 302.9146 K and from 273.16 K to 933.473 K, with the following

fixed points, were used to calibrate the thermomeler.

Termmperature

Fixed Poinls

Too (K) teo  C)
Hg MP 234.3156 -38.8344
H,O TP 273.16 0.01
Ga MP 302.9146 29.7646
Sn FP 505.078 231.928
Zn FP 692.677 419.527

Al Fp 933.473 660.323

TABULATION OF RESULTS:
At the page 3 of 11,there are the coefficients of the pertinent deviation functions of the ITS-90, the

esistance ratios, measured at the fixed points, and their associated measurement uncertainties.



HART
SCIENTIFIC

Cotibratton labaratary
799 £ Utoh Valley Drive
American Fork, Usah 84003-9775

REPORT OF CALIBRATION
INTERNATIONAL TEMPERATURE SCALE OF 1990
Platinum Resistance Thermometer

Mode! No: 5628
Serial No: 0229

Submitted By:

Measuretronix Ltd

Bangkok 10240, THAILAND
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mv&@s@“

Far ine Scove of Accreanancn
Unoet NYLAP {30 Coae 2003480

This Platinum Resistance Thermometer (PRT) was calibrated by comparison to a laboratary standard SPRT via a Precision
DC Thermometer at a constant current of 1.0 mA. The procedure followed is based on the-technical information contained in
NIST Technical Note 1265, "Guidelines for Realizing the International Temperature Scale of 1990 {ITS-90)" pertaining to
secondary PRT's.The following comparisen points and their uncertainties (k=2) were used to calibrate the thermometer. This
calibration is traceable to NMIST or natural physical constants and is in compliance with ANSI/NCSL Z540 - 1. This calibration
> and shall not be reproduced other than in.tull, without written approval of Hart
Scientific. It shall not be used to claim product endorsement by NVLAP or any agency of the U.S. Government. Calibration
certificates without s"ignatures are not valid.

certificate applies only to the itern d&san

COMPARISON POINT

NOMINAL
-197.000 °C
108,000 *C

-38.834 °C

0.010°C
156.599 °C
231.928 °C
419.527 °C
660,323 °C

MEASURED
ACTUAL " RESISTANCE

-197.000°C 4.67730
-100.0C0°C 1521700
-38.834°C 21.60490
0.010°C 25.59370
156.599°C 41.19880
231.928°C 48.44070
419.527°C 55.74290
660.323°C 86.39590

MEASUREMENT
UNCERTAINTY

0.010°C
c.uIoe
0.008°C
0.005°C
0.008°C
0.009°C
0.011°C

0.015°C

The calibration data were fitted by the method of least squares to obtain the following values ior the resistance at the triple
point of water (RTPW) and the coefficients of the pertinent deviation functions of the IT$-90. The attached interpolation tables

were generated using these values.

ITS=90 Coefficients:

Atpw = 25.5937001 ohms

a4 =-3.2208687 E-05

a7'=-1.4379251 E-04
¢7 =-1.0286169 E-05

b4 = 2.9929485 E-05
b7 = 2.5080288 E-05

STANDARDS USED

] Manufacturer

!
'
1
1]
i
i
|
i

i
i
r

Description ] Modei No. | Serial No. | Due Date :
Thermometer, “Super Thermorneter,” 1 ppmi Hart Scientific 1590 : 8C031. ©11/15/2001 :
SPAT, Glass Sheath i Hart Scientific 5681 r 1247 04/20/2002 -

Laboratory Environment:
Temperature; 23°C
Humidit.r; 36%
Procedure: HSC106 Rev 2
Calibralion Date: 10/19/2001
Calibration Due: 10/19/2002
PO Number: 01385
Repon Number; A1A1902
Page: t ol §

Calibration Performed by:

VISR

Mike Coleman
(801) 763-1600

Approved by:

2L

Thomas J. Wiandt
(801) 763-1600
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Request No. BK-P 152/46 MTC No. PSL-T 313/46
Serial No. 7590033

Results :

Correction for Reference Temperature

TC-T-1~11 | -75.0 | -30.0 | 0.0 | 100.0 | 150.0 | 190.0
In Module #3| °C) | °C) | C)y | C) | cC) | ¢C)
1 131 01| 01 03] 06| 07

2 164 04| 00| 04| 07} 07

3 -101 02| 00 031 07 0.8

4 031 00| o1 00| 06 { 00

5 074 -603] 00| o1 | 02| 03

6 -131 04| 00| 03| 05| 04

7 .13 031 09 65| 04 1.0

8 -121 04| -0.1| 05 10 | 1.1

9 .13 02| 00| 03| 06} 07
10 071 02 00| 05| 10 11

11 d2) 00| o1 | o3| o8| os

Note : TC-T-1~11

Uncertainty of measurement : 0.2 °C

Calibrated by : _— 'Z_\
' LMM
4

(Mr. Teerapong /Somprajob)

Issued date : 21 August 2003

page 4 of 4

The above results are valid exclusively for the lested/analysed sample(s)/calibrated it=m(s) as mentioned in this report/certificate,

ivertising the Report/Certificate and publicity of the results except in full are prohibited unless written permission is obtained from the governor of TISTR.

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLGGICAL RESEARCH (TISTR) FM.BL MTC.002 Rev.?
AD OFFICE INDUSTRIAL METROLOGY AND TESTING SERVICE CENTRE
- Phahonyothin Road, Chatuchak, Bangkok 10900 Soi 1, Bangpeo Industrial Estate, Sukhumvit Road,
{66) 0 2579 1121-30, 0 2579 5515, 0 2579 0160 Armmphoe Muang, Samutprakan 10280
. (66) 0 2561 4771, 0 2579 8592 Tel. (66) 0 2323 1672-80

. . http/aweaw tistr.orth TISTR @mozart.inet.co.th Fax, {66) 0 2323 9165 -
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Request No. BK-P 152/46 MTC No. PSL-T 313-1/46

CALIBRATION CERTIFICATE

Nomenclature : Hydra Data Logger with Sensors Model / Type : .2625 A
Maker : FLUKE . Senal No. : 7590033
Sensors : Thermocouple wires Type K (7 ea.) " Sheath Material : Teflon

“ustomer : Photometry and Temperature Standards Laboratory , MTC., TISTR.
\ddress : 196 Phaholyothin, Chatuchak, Bangkok, 10900. Tel.: 579112 1-30, Ext : 5216.
Jate of request : 9 May 2003 Date of Calibration : 10 June 2003
’lace of calibration : Temperature Standards Laboratory, MTC., {Bangpoo).
“onditions of test : - Ambient temperature: 25+2 °C, Relative humidity : 55+35%.
- Calibrator stabilized at conditions of test for 60 minutes prior to measurement.
Reference Standard : Standard Platinur Resistance Thermometer (SPRT 25 {2), Model: 5628, Serial No.: 0229,
which was calibrated on 19 October 2001, can be traceable to NIST, USA.

upport Equipment : 1. Ice Point Unit, Model: KT-DO03A, S/N.: AX04AAC]!.

2. Low Temperature Bath Unit, Model: LU100B, $/N.: 6367400.

3. High Temperature Oi} Bath Unit. Model: KT-B205, $/N.:AX04FAC].
4. Resistance Bridge, Model: F17A, S/N.: 520-8/061. '

-alibration Procedure : Comparison Technique; The Indicated of UUC (Unit under calibration) was compared to

temperature obtained from the Reference Standard at calibration points.

The temperature scale in use of this laboratory is the International Temperature Scale of 1990 (ITS-50).
The reported uncertainty is based on a standard uncertainty multiplied by a co{ferage factor k=2, providing a level

of confidence of approximately 95 %, the method explained in M 3003 Edition 1, December 1997.

— L; page | of 2
[ o p

The abave resultd are ﬁaﬁd exclusively for the tested/analysed sample(s)/calibrated item({s) as mentioned in this repervcertificate.

nising the Repor/Certificate and publicity af the results except in full are prohibited unless wrilten permission is obtained from the governcr of TISTR.

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR) FM. BL. MTC.002 Rev.1
| OFFICE ’ INDUSTRIAL METROLOGY AND TESTING SERVICE CENTRE
‘hahonyothin Road, Chatuchak, Bangkok 10900 Soi 1, Bangpoo Industrial Estate, Sukhumvit Road,

6) 0 2579 1121-30, 0 2579 5515, 0 2579 0160 Amphoe Muang, Samutprakan 10280
36) O 2561 4771, 0 2579 8582 Tel. {66) 0 2323 1672-80

http:/www tistr.orth TISTR @mozart.inet.co.th Fax. (66) 0 2323 9165
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Request No. BK-P 152/46 MTC No. PSL-T 313-1/46
Serial No. 7390033

Results :

Correction for Reference Temperature
TC-K-12~18 | -75.0 | -30.0 | 0.0 { 100.0 | 150.0 | 190.0
In Module#3 | (°C) | (°C) | (°C) | (°C) | (°C) | (°C)

12 -1.0 -0.6 -0.1 0.1 -0.3 -0.5
13 -1.5 -0.6 -0.1 0.1 -04 -0.6
14 ©-1.5 -0.7 -0.1 0.1 -0.4 -0.6
15 -1.5) -06) 01 ] 01 ] -04] -06
16 -1.6 -0.7 -0.1 0.1 -0.3 -0.6
17 -1.7 -0.7 -0.1 0.1 -0.4 -0.7
18 -1.6 -0.7 -0.1 0.1 -0.4 -0.7

Note : TC-K- 12~18

Uncertainty of measurement : + 0.2 °C

Calibrated by : L‘
7:‘ S.\e——»fv&—] . /

(M. 'l'eerapon'g_,r Sanprajob)

[ssued date : 21 August 2003

page 2 of 2

The above results are valid exclusively for the tesled/analysed sample{s)/calibrated item(s} as mentioned in this report/certificate.

sertising the Report/Certificate and publicity of the results exceptin full are prohibited unless written permissien is oblained from the governor of TISTR.

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR) FM. BL. MTC.002 Rev.}
D OFFICE _ INDUSTRIAL METROLOGY AND TESTING SERVICE CENTRE
Phahenyothin Road, Chatuchak, Bangkok 10900 Soi 1, Bangpoo Industrial Estate, Sukhumvit Road,
66) 0 2579 1121-30, 0 2579 5515, 0 2579 0160 Amphoe Muang, Samutprakan 10280
(66) 0 2561 4771, 0 2579 a592 Tel. (66) 0 2323 1672-80

- httpiiwww tistr.orth TISTR @mozart.inet.co th Fax. (66) 0 2323 9165
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Request No. BK-P 152/46 MTC No. PSL-T 313/46

CALIBRATION CERTIFICATE

Nomenclature : Hydra Data Logger with Sensors Model / Type : 2625 A

Maker : FLUKE Serial No. : 7590033

Sensors : Thermocouple wires Type T (31 ea.) Sheath Material : Teflon

Customer : Photometry and Temperature Standards Laboratory, MTC.,. TISTR.

Address: 196 Phaholyothin, Chatuchak, Bangkok, 10900. Tel.: 5791 121-30, Ext : 5216.

Date of request : 9 May 2003 Date of Calibration : 10 June 2003

Place of calibration : Temperature Standards Laboratory, MTC., (Bangpoo).
Conditions of test : - Ambient temperature: 25+2 °C, Relative humidity : 55+5%.
- Calibrator stabilized at conditions of test for 60 minutes prior to measurement.
Reference Standard : Standard Platinum Resistance Thermometer (SPRT 25 Q2), Model: 5628, Serial No.: 0229,

which was calibrated on 19 October 2001, can be traceable to NIST, USA.
Support Equipment : 1. Ice Point Unit, Model: KT-D0OO3A, S/N.: AXO04AACIH
2. Low Temperature Bath Unit, Model: LU100B, S/N.: 6367400,
3. High Temperature Qil Bath Unit. Model: KT-B20S, S/N.:AX04FAC].
4. Resistance Bridge, Model: F17A, S/N.: 520-8/061.

Calibration Procedure : Comparison Technique; The Indicated of UUC (Unit under calibration) was compared to

temperature obtained from the Reference Standard at calibration points.

The temperature scale in use of this laboratory is the International Temperature Scale of 1990 (ITS-90).
The reported uncentainty is based on a standard uricertainty multiplied by a coverage factor k=2, providing a level

of confidence of approximately 95 %, the method explained in M 3003 Editior 1, December 1997.

— 4\ pagclof4
f - L—wf\-[

The above results érdvalid exclusively far the ested/analysed samole(s)/calibrated item(s) as mentioned in this repart/certificate,

vertising the Report/Certificate and publicity of the results except in full are prahibited unless written permission is obtained from the governor of TISTR.

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH {TISTR) FM. BL. MTC.007 Rev.1
\D OFFICE
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Request No. BK-P 152/46
Serial No. 7590033

Results ;

——

MTC No. PSL-T 313 /46

Correction for Reference Temperature
TC-T-1~14 | -75.0 | -30.0 [ 0.0 | 100.0 [ 150.0 190.0
In Module #1{ (°C) | (°C) | (°C) | °C) (°C) | (eC)
1 -13 ] 01} -01 | 03 0.8 1.0
2 -1.3 | 0.1 0.0 0.3 0.8 1.0
3 (13 1 00 | -01 § 02 | 07 1.0
4 15 1 00 01| 08 0.6 | 0.6
5 15 1 <01 | -994 | -498 | 07 1.0
6 15 ] 06 | -992 [ -496 | 1.0 1.0
7 Ll | 04 ] -994 | 497 | 07 1.0
8 1.2 | 06 | -99.2 | -49% | 1.0 1.3
9 -3 ] 05 | 02 | 06 0.9 1.2
10 -1.2 1 03 | 00 0.2 0.8 1.2
11 -1.2 | 02 | 0.0 0.4 0.8 1.0
12 -0 | 0.2 | -0.1 05.1 1.0-} 1.3
13 15 ] 02 | 0.1 | 04 0.6 | 0.7
14 -1.5 ] 03 | 0.1 | 04 0.8 1.0

Note : TC-T- 1~14

Uncertainty of measurement : 3 0.2 °C

~’,-’.§ﬁ1\/",——-
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The above resuith a[e valid exclusively for the leslcd/analysed sample(s)/calibrated item{s) as mentioned in this report/certifi
vertising the Report/Centificate and publicity of the results except in full are prohibited unless writen permission is obtained from the g
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Request No. BK-P 152746
Serial No. 7590033

Results ;

MTC No. PSL-T 313/46

Correction for Reference Temperature

TC-T-1~17 | -75.0 { -30.0 | 0.0 | 100.0 | 150.0 | 190.0
InModule#2] (°C) | ¢C) | C) | ¢C) | o) | o)
1 13 §--06 | 02 ) 02 ] 06 | o9

2 07 [ 04| -0.]-011} 00| 0o

3 ;131 00 | 01 02 | -0t | oo

4 07 [ 01 | -01 | 01} -0} oo

5 ;L | 05 }-994 | 02 | 01 | -0

6 15 | 06 9920 02 | 04 | o7

7 LS5 | -04 ) -994| 011 o5 | os

8 0941 06 -992] 021 00| o0

9 09| 06 992 62| 00 | oo

10 101 037 00| 00| 00} oo

11 (10 02 00 -01| 011 o1

12 (10 02 01 03| 06| oo

13 -4 02 01| 01 ] 06| o7

1 0841 03| 01| 02} 01 o0

15 (151 -03] 01 o014 o5 | 10

16 131 03] 01 01| 06| 10

17 -3 ] 03] 01| 02| os | 10

Note : TC-T-1 ~ 17

Uncertainty of measurement : & 0.2 °C

T Sompy JL\
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The above results 4re )la!icl exclusively for the lested/analysed sampleqs)/caliorated item({s) as mentioned in this report/certificate,
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Request No. BK-P 152/46
Serial Mo. 7590033

Results :

Correction for| - Reference Temperature

TC-T-1~11 | -75.0 | -30.0 | 0.0 | 100.0 | 150.0 | 190.0
InModule #3 | (°C) | °C) | ¢C) | C) | €y | o)
1 ~t3 1 014 01 ] 03 061} 07

2 (16 04 00| 04| 07| 07

3 -1.0 -0.2 0.0 33.3 0.7 0.8

4 -0.3 0.0 0.1 0.0 0.6 0.0

5 071 603 00| o0t | 021 o3

6 13) 041 00! 03} 05| 04

7 A3 03[ 00 04 041 10

8 -1.2 -0.4 0.1 0.5 1.0 1.1

9 -1.3 -0.2 0.0 0.3 0.6 0.7

10 071 02 ] 00| o5 1.0 1.1

11 -1.2 0.0 0.1 0.3 0.3 0.8

Note : TC-T-1~11

Uncertainty of measurement ; & 0.2 °C

Calibrated by : /

(Mr. Teerapong éomprajob)

":'- -t;‘.‘ 2 =
'ﬁ.'.

=Pt R R iperature
Sta i Lab Q%tow
Ref.: 1132" §6595 520001

Issued date : 21 August 2003

—

MTC No. PSL-T 313/46

page 4 of 4
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