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Hygroscopic (moisture-adsorbing/desorbing) and exothermic (heat-generating) materials have
attracted attention for clothing comfort and energy saving. They are functionally characteristic
materials invented in Japan, and are indispensable for winter clothing. While these materials
have been studied in terms of the adsorption/desorption heat generated in the thermodynamic
equilibrium system, no study has been made on heat transfer in these materials, or more
specifically, on heat and water-vapor transfer from an unsteady state to a steady state assuming an
actual use of clothes. In this study, we focus not only on the phenomenon of a temperature rise
due to heat generation by initial moisture adsorption and but also on the phenomenon of
maintenance of the heat-retaining property even in the steady state. We clarify these phenomena
by following approaches: "experimental clarification simulated by an experiment device";
"clarification of the mechanism by a numerical analysis model"; and "visualization by infrared
thermal images”. Additionally, we analyze the amount of adsorption/desorption heat and the
heat-generating mechanism in the moisture-adsorbing/desorbing fiber materials, in relation to the
relative humidity change.

This doctorate thesis is made up of six chapters. Chapter 1 introduces the current situation
and trends in research and development of moisture-adsorbing/desorbing fiber materials as well
as the utility of heat-transfer studies on these materials. This chapter further provides an
overview of the contents of our research to be detailed in the following chapters.

In chapter 2, we focus on a salt of polyacrylic acid fiber, which shows the highest moisture
adsorbing/desorbing ability among hydrophilic fibers.  Using this fiber, we conduct an
experimental study on the amount of adsorption/desorption heat corresponding to the relative
humidity change, and investigate the heat-generating mechanism. This chapter also presents
measurement results of thermal conductivities of each material during the relative humidity
change.

In chapter 3, we produce an experiment device for measuring water vapor diffusion and heat
transfer during a transition from the unsteady state to the steady state. With this device, we
measure temperature changes on the front and back surfaces of the samples, including a
nonwoven cloth sample and a knit sample made of a salt of polyacrylic acid fiber having a
moisture-adsorbing/desorbing property, and a nonwoven cloth sample and a knit sample made of
a polyester fiber without a moisture-adsorbing/desorbing property. In the condition where water
vapor is absent (hereinafter called DHL), temperature distributions on the front and back surfaces
of each sample are similar. In the condition where water vapor is present (hereinafter called
WHL), temperature distributions on the front and back surfaces of each sample are obviously
different. Based on such temperature differences and the thermal conductivities mentioned in
chapter 2, we obtain "apparent thermal conductivities dapp" under the WHL condition, and discuss
the change in heat-retaining property of the moisture-adsorbing/desorbing fiber materials.

In chapter 4, we try to clarify the mechanism of these phenomena by setting a numerical
analysis model and conducting numerical calculations. Based on an assumption that the front
and back surfaces of a sample having a moisture-adsorbing/desorbing property do not reach
adsorption equilibrium even when the inside of the sample has reached adsorption equilibrium,
we present analysis examples showing a slight temperature rise or a slight increase in temperature
difference around the steady state.  Further, by disclosing the experiment results and
comparative examples of numerical calculations, we raise a future challenge for quantitative
discussions. In particular, we emphasize the necessity of data for parameter h'xA' to be
separately evaluated.

In chapter 5, we assemble a new experiment device for correct verification of these
phenomena. Then, we measure and compare the temperature distributions on the surfaces of the
samples having a moisture adsorbing/desorbing property and on the surfaces of the samples
without a moisture-adsorbing/desorbing property, by visualizing the entirety of each sample for a
long time with use of an infrared thermal imaging camera instead of point-contact thermocouples
and by observing the transition of the temperature distributions on the entire surfaces of each
sample. We also evaluate how the temperature transition in each sample is related to the
temperature/humidity conditions around the front and back surfaces of the sample, and further
consider its relevance to the heat-retaining property. Results of the numerical analysis for knit
materials are also exemplified.

In chapter 6, we summarize the main results given in this thesis and suggest the next stage of
this research.

i SCHF AL R

TR ORE R

KAROPEMERE = R OBENSER STV HWIBREEM L, B ARER O
FETH Y, KPLRBHIIIRLS Z L DTERWEXHTHDH. B FEHERICBITDLZ
NORMOWPEBROREITR SN DD, EEOBERSGMZHE LIIEET 05 E I
WRREIZEB T B KEEAR LOBBEHIC SOV TORBEIFZEIT e ST, REFZEIE
HHMERL T L RBVF OB REI Ch 5 AR —BUREE R DEFRARE & L CRHMIi & 5.
AEFTETIE, WIOWIBREIC X HDRE EROL R LT, EFIRE FIZBOTHIR
EPEREZHERF L QW D HI5R A, [RBREE O L2 EBa ), Ui L
WCEDBAI =LA, TRAVREERIC X 2 AT L) o5 EZEREE LML % X




ST-HDTHA.

KERSNTE T, L 7= WO hrE 564 12 o THE SR BE 25T RIS 3 5 W i B K
O AR EORTE CRKMEMHEO T CHR b BWIRKREE I 2RO Z 2L L
TW5., £, ZTOBGRERONE TIEERE CTIIRR 10%RERE R, MR
PO T L7252 L BB LN LTV,

A DBERGMZAE LT IEE T D & EH WIREE £ COKREK DI & OB 8 % &t
¢ X 2 RBEE LY AV, WHIBHERM OREAA L =y b ERBEZH/ S 20R
U = AT )RHED AR AT R = v N OF B REDIRE L Z I EFHFE R, EH
BRZ 2> THMH T S REWRE U, Z 02EE BT OBRESR L0, TR L,
EXOWEMD 6 FIFEER T T2 L 2R LTINS,

WU, ZOEBENEI 2 AN =ALORIDT-DIZ, ¥ o T VIR BIERTE 7 L % #%
EL, BEFHEZRATHD. ZOHEITRORNEZ AT 5 UBHEINE Tl I 7
ST, AEEETIEREHICESRWEVWIREEZEAT DL Lo T, EHEF
BN THENTH 2 MRE EF-5 5 WITIRE ORI 2 R 36 2 R34 2 &1
LTV 5.

RBIZ, T8GR % X0 EMREICHRIET 5729012, RERBRENICH 2 ICEREE
EHLAE L, REHRIRERIVNEG D A T CREEMIZIE> Talfifb L, &akH2m oE
FESAR OHERS 2 G L T D IENRBHERM D= FERIEEZ A S 720AR Y =
AT IARHED = v S DOFRBIEED 0. 2~0. 4COREAEZHER L TV D.

SR O FITB GGmM, EMEMEmEZAME LR b 52 b, SR IOSHTO
S OB HEA, REmM), EENEANLECHH EBEZ 5.

AFFROFE LT, Fifmmln 26w (NE—FH 2w , ERESE1IE (WE—F
HIMR) 7o TWnWb.,

INHOFRERITIE, AFROFHMEEFHERNRDO NS, U EOBEICKY, FBEE
BEITRER IR FGRLONREE L CGEAT D L HE L.

SERTERSTATESS 1T, 2014 4E 7 A 30 H 16:30~18:00 O ThiL-. HEEIL, #HikE
72 BTN KERE « FHFAEG DY TR 634 Th 7=, G XCNEICBE S B4 O T3
L OEAM 22BN S 5720, WTINbEUREIZEZITH ZENTE. A%
DEAEHBRICB T, PRSI BEE T 2 0 0%k 4 A L, 5% EZED T <
2O DWFIERE N Z i 2 T\ D Z & ZHER LT-. UL EDOFEEND, HBEEZERITZO
ML (T%) OFLICHEE TH D L HE LT,

BERANTIME S

ZEFHIL 104w 1 it

ESERAE B

1. [ B AHE AT . PN D /K R S ] OS2 BE 5 2 ST ) BiaE. Vol.28, No.2,
pp.89-93(2014) [Received Sept. 2, 2013, Accepted Jan. 6, 2014]

EF PRI 3k, HYESE

2. TWHOARARMERBL O K ZE QU OB B B 2 AR BHIMG T & 2 WA b & B AT |
WRHES2 2238, T0 &, %5 7 5,pp160-166(2014) [Received 3 March, 2014; Accepted 11
May, 2014]

EH K B, HPTEN

[EpR=ERER]

3. “Study on Heat and Water-Vapor Transfer in a Moisture-Adsorbing/Desorbing
Fiber Material”, Proc. 10th Asian Thermophysical Properties Conference
(ATPC), Jeju(2013),P1-68(Final Paper), Authors : Takeshi Ogino and Hiroshi
Tanaka

[E3E]
4. FEME(ERE [3EVEME) 0. uE (BR), p464-466(2004- % 3 hR)
E I

[Heffram ]




o

10.

MW ORI EN Y = 7“7 L A —F" ORI |, {7256 vol57 p320-323 (2001-12)
ES BRI

MR 56 B (2 2 2 KW AR O pE Sk & FnEO FEMEIC S\ T, B4R No.241
p19-25(2006-5)

EF N

[AR—=Y TRV VOEEELS%OBNN |, HARBHERLLHE R EAGE
p210-216(2009-10)

FH KB K

THARDOAXF—T /8L VO#EE |, HAMGHERL L EE RS2 p29-32(2013-2)
EF NI

THARDAZ =T NU VO (RiEE) —REEREORENLFOELI L0 L
1, HARRHERLFEE RS REE p6-11(2014-3)

THARDAZ—T XU VO (BEEE) ), HARMMER SRR
p11-17(2014-5)




