380

k#2348 Vol 51, No. 6, p. 380-386 (2005) (—#kaws0)]

BREMERESEUVABERNA AL RS
BrEt/NZIL (BB4%R) 1
TL—F—BEERE LEEXES/NRILOESHE

BT B, WAFEKR*, A @[

Binder-less Wood Chip Insulation Panel for Building Use Made
from Wood Processing Residues and Wastes IV.

Heat storage capacity of full-scale thick panels
manufactured using wood shavings*!

Noboru SEKINO *2, Yoshihiro KAWAMURA *2 and Go YAMAUCHI *3

This paper describes thermal properties of binder-less wood chip insulation panels, focusing especially on the
effect of panel thickness and on comparisons with the glass wool and phenolic foam panels commonly used as
insulation material for buildings. Insulation panels with a density of 100 kg/m’ and thicknesses ranging from 50 to
150 mm were manufactured using wood shavings derived from a wood processing factory. Our panels were
measured for thermal conductivity and diffusivity by analyzing heat flux through a simple wall model under an
unsteady temperature schedule. The results obtained are as follows : 1) Thermal conductivity of our panel was
about 0.060 W/mK for the practical thicknesses of 100 to 150 mm. 2) Heat inflow to the wall with our insulation
panel was less than that of the glass wool and phenolic foam panels when compared at the same thermal resistance
level. 3) Thermal diffusivity of our panels (041 X 10™° m?*s) was about half the value of the glass wool and three
quarters of that of the phenolic foam panels since our panels have higher density and specific heat than the others.
The results characterize our panels as having thermal insulation capacity that can be superior to that of glass wool
and phenolic foam panels due to greater heat storage capacity.

Keywords :  insulation panel, wood shavings, thermal conductivity, thermal diffusivity, heat storage capacity.
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Table 1. Specifications of the test specimens.

—— Density| Thickness, d y g?pd'
(kg/m (mm (W/mK) [(m* K/W)

50 0.9

Binder-less 75 1.3

wood chip 100 100 0.058" 1:7

insulation panel 125 2.2

150 26

40 1

Glass wool 9 50 , 14

panel 60 0.036° L7

70 19

25 13

Phenolic foam o7 35 " 18

panel 45 0.020 %3

55 2.8

* Thermal conductivity.

* The value at 10T obtained by part Il of this study.

“ The values shown in the specifications of the products.
¢ Thermal resistance calculated by d /..
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Fig.1. Measuring device and sample set-up.
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Fig. 2. Aschedule of temperature change in the chamber.
Note: ¢, shows the time until two hours after a steady
state of heat flow was observed.
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35 . T 35
Binder—less wood chip insulation panel, d: 100 mm Glass wool panel, d: 60mm & Phenolic foam panel, d: 35 mm
sl —— Temperature A n r
B 25 —— Heat flux R 25 | 25 b
g 4 g H
& 10 Y A == 5 5
% 0 213 z 2
< (= High temps gy 2 | %
g ? Low tem:.: :. g ? Lowtenpiigy Ig = Lo tomp. @i
~10 -10 -10
—— Temperature —— Temperature
=15 [ =15 —— Heat flux -15 | —— Heat flux
-20 5 -20 2 -20 - — -
0 2 4 6 10 0 2 4 8 0 2 4 6
Time (h) Time (h) Time (h)
Fig. 3.  Examples of changes of temperature and heat flux for panels with a similar thermal resistance
(R =18 m*K/W).
Note:  The numbers shown along the temperature curves indicate measuring points ; see Fig. 1.
Table 2. Results of the heat flux analysis (values listed are shown as mean =std, N=3-6).
Sampl Thickness, d dg/dt’ dqvldt” b’ e Wi AW
THPIES (mm) (W/m'min) | (W/m’min) (min) (min) (kJ/m’) (kJ/m?®)
50 0.856 £0.015 | 0.156 = 0.006 153=0.0 137.0+0.8 1122+0.3 79.9+0.2
Wood chip 75 0.930=0.034 | 0.076=0.002 22000 2124+39 652+1.0 1168+1.7
insulation panel 100 0.916+0.002 | 0.060=0.008 39.6+0.0 287.0+134 373=1.0 150.7+0.9
125 0.924+0.012 | 0.043+0.002 56.0=0.0 360.3+245 22.8+0.6 1668 £54
150 0.900+0.064 | 0.034+0.001 62.0=0.0 395.0+126 11.6+27 1926+1.0
40 0.352+0.030 | 0.163+0.014 11.0=0.0 90.8+53 103.7+04 18605
Glass wool 50 0.321 +0.068 | 0.127 +0.010 11.7+0.0 98.1+35 83016 249=0.1
panel 60 0.414=0.005 | 0.114=0.012 12700 1149=15.1 679+1.3 249=21
70 0.381+0.017 | 0.110+0.008 15.3%0.0 1274+245 59.6=0.6 257+19
25 0.378+0.027 | 0.167 =0.029 833+0.0 724+33 100.8+0.5 143+0.7
Phenolic foam 35 0.308+0.087 | 0.112+0.029 12.7+0.0 844+35 73814 168=1.1
panel 45 0.399+0.013 | 0.085=0.018 147+0.0 89.8+14 582+(0.1 199+04
55 0.387+0.012 | 0.067+=0.014 187+0.0 101.3+45 437x05 258+0.1

* The increased speed of heat flux (gv; outflow, g ; inflow).
" The difference of initiation time between g and g.

¢ Time required for both heat fluxes to become steady state (see Fig. 3).
“ The amount of heat defined by Eq. 6.
* The difference between outflow heat and inflow heat defined by Eq. 7.

GO 3EREL, Yy rEY %
HWTHRAAS B THS Lz, &b, RELL
=3 &L, FiRFAKRE TORBEIRERLD
FHRHNERENRETH 5.

W =£'qﬂdl‘ (6)

WO b AZE W, 13, EIBImoE
S TIZIZEBRIART L ES#c X v Bz
Wdh)OBEENEZ 5720, HELICE > TEN
POEDONLEE (SHAZE) PMETIT201FY
ROFEREEZ XD,

ST, AEEL ROV AR R T E YRR

HREVZD, BHENIIEDL TR R, %1
BRI BLENDH S, €T, RVAFEOH GO
ABE W, Z KT 5 2 LT, KWESH VO
ZRET L THAR L, 72 21E, JE X100 mm D A Hr 2k
NANVIE, EE60mm D75 A7 —)IVBLOEE35
mmN7 /) —V7i—hERAEDR, (518m’
KW) #&3 575, REE SRV D Wy 138937 kJ/m®
THH, h2H L ERTHRAZLEDF V2 1ZHH] X
NTWb, F2HHIBRTIABFENOER LD
575, Fig 3 3B X U Table 2 (2R EAFRZAL O S A
5%, WMABRMIEEDEIE (4, 4 2 F D% 31%)
BLUORARTO LA EEDIKR (dgwdt 31t 2 %



384 BEF &, AR, LA E [AR#%4&5E Vol 51, No.6

DR 6 El) BETF L5,

X512, F=6BHELTW,0REZTo 7
7L, BRREREq. P eEEIT—EE LT
o7ze ORI, MERICEREZ1ILD-%E, ¥
HETICHETH2ENEROHELZHEL TV 5,
Bohz Wy, E 100 mm D ARFE S £ L A5135
Km* THBHDIZH L, F—#iKILz b DE Z60
mm®»D7ITAT—VBLPEISHI MM D7/ —)
74— AT, ZRENI2K/m®, 175K]/m® & %
2720 Thbb, KETE/ SR IVADHEA LR I 2
HOR2EBE L >THBY, HREREICENTHSZ
LERRET D,

3.1.2 WHABREDE

BGEASERICHET 5 F TOWMMEE & it AL
DEAWZRX(T) L hKD, £ 5 D% Table 2
IR L7z B, BOoFBEEHREFRKETH S,

AW = (qi—qu) dt )

WITNOMEBM E S, ESBINIONTAW I
(IZERRAIIEIN L7 JE SHEIIC & 0 BT AR S
YV OBEENWEZ 5720, mHAEIHENTS—
HCHRABREPETIAI EOBHNEEZ b, HIH
ERARIS, MEORIKPTRIEKT S L&, E 100
mm DARWEL S R WVIZIEZ60mm 75 A7 — IV D61
B, EX35mm 7/ —LT7+—L000EDAW
otz INZRRENOBEISRD L, AT
B3OV O BGE BRI dg/dt b 2 B 0K 2 5
(Table 2 ZH8) TitHEEIKE WE, HKO X
DI ABE Wy I ST WD SAAERTH
D, BEANICEAFTEOERIGERTALEZ LN
5o

2T, K@ IRTHAROMBRY L b, K
WIZ /S AV DAW Dl 2 FHIZHRTAREVWER%
BEROBE» SHHT 5,

AW=mcAT (8)
2L, miZHEHMD ) OBR, cldkE, A
T\Z g OMBIRE (920C) LWz 1 2B 5
IR GAIERAL 3 & 5 O © #10C) Lo
TdHhbo

BRI R, DAL SIEAT b FAE%ETH Y, K (©Q)
T OAWIE mc \HKFFT 5. BlifiiEdH7-) 0hs
miL, MM OBE p L SFVELEDOETRENS,
KEESF VD p 100kg/m®) &, ¥ AY—L B
U727 —NV7+—2DFENFN3IRE, 3745,
FRRIC /S ROVIE X 131665, 2985 TH D, HREL
TmidENEFR, 5068, 107f5& & %, KkiZ, It
BOEIZKEHT . REEANSINVEZHER TS 7L —

F =B, BRELEMR (MDF) B X UOREBEEEHO
BEIIE85:11:4 (HEX100mm OHE) THhH, Z
N5 3 FHDHBITKEN 2 T IUTERETE SR VDI
BIT L —F— B E ZIZRSE R b, 7
L—F—BORBEIAMERFLIRETH L H
5, Kollmann 5% ¥ HUR1L72(9) B X U710 K2 H
WTIRELT, KR %ICB T A LEZRD B &,

146 KJ/kgK 238 b 5,
cs=1114+0.0046- T 9)
Co= (419 u+cy)/(1+u) (10)

270, qRBRTCIZBIALEARM OB
KJ/kgK), ¢, ldEAKFE Yy (ERFEEOERIL) 2B
BB (K/kgK) THbo ARWTEL SH IV O LE2k1.46
kJ/kgK (X, 75 A — L @Y 084 kJ/kgK B X
72/ =74 —24 (7x/)—VEIRY) Ok
1.34 kJ/kgK D EIZH LT, ThENLTEE, 09285
L% b,

LRETRDIEmOEL cOREEEETS L,
KEFB SRV D me &, 7T AT —IVD85ME, 7=
J—=NVT7 =DMt AETE S, T B IEH
WMLZAWORELELLTEY, RETE/ SFIV
DAWHDHL 2 B L D B KREL L HERIEIAETRED
ERIZH O TR TE 5,

3.2 B

B SN B 8= ) (FI9MiR9.3~102), Hilt
W ERYIEHES X OEUEHT R % Table 3 (215
75

ARWTEL S 3OV TRV 2SBIEeh CIEM S 1L D
FRICHIEDAE L, ERERICIERIERTH L2758
KEANEIZE S PRI TETEEELT 51
W2H 5. ZD7=%, BEYLICEE LE X HHORE
DATHZEAL L, PRSI B S B R ATURIE S
Nnize LaL, WEELRAMY, E 100 mm LA
ETARIBIE—ETHbS, Ld>T, EHMNLE
RHEPICB T AAMB SR VIZ, (2 EDBEE
0,060 WmK 2#> = L AR ST,

—F, ¥Y9AT—1LD LI, 0034~0.037 W/mK
DFEFHICH D, KB SR VDR 12 Th oz B
et OBEEHIET 5720, HEHDOT S 2y —
VOEREIZA0 kg/m® & 2o 72085, BoNRz 11343
DA &1 7fE0.036 WmK) & KEIZRH o 7.
727201, EZ40mm B L 050 mm TEET K E 2 fl
ZRLTEY, BESHKICLLERBSEERORE
PEELTVWLWHELEH S, —FH, 7=/—NV7
A —LD)IE, HFBEMOA Y T SE (0020
WmK) &I2IZFA%FETH Y, KEZH/SEFVDH 1/3
THo7,



2005411 H]

PRBEM 2 R L LZZRBEHNA Y L AR AV (5 4 8D 385

Table 3. Thermal properties of the test specimens (values listed are shown as mean = std, N=3-6).

Syrvaglis Thickness, d g , ar” 1 I o o

(mm) (W/m?) (W/mK) (m’K/W) (%10 °m?s)

50 16.2+0.0 144+0.0 0.056 = 0.000 0.9 0.35+0.02

Binder-less 753 124=0.1 16.0=0.1 0.0568 =0.001 13 0.39=0.04
wood chip 100 10.1+0.0 16.6+0.0 0.061 = 0.000 157: 0.48+0.01
insulation panel 125 85x0.2 174+0.1 0.060 = 0.001 21 0.45+0.03
150 7.3=0.0 17.8+0.2 0.060 = 0.002 25 0.54%0.01

40 13.7+0.1 148+0.2 0.037 =0.000 11 1.14+0.09

Glass wool 50 11.6=0.0 158=0.1 0.037 = 0.000 14 1.04+0.03
panel 60 9701 164=0.1 0.035=0.000 1F 1.11+0.01

70 83%0.1 17.3x0.1 0.034 =0.000 | 1.05+0.04

% 126+01 161+0.1 0.020 % 0.000 7% 0.63%0.03

Phenolic foam 35 96+0.1 16.8=0.1 0.020 = 0.000 1.7 0.57=0.01
panel 45 7.7£0.0 176=0.1 0.020 = 0.000 23 0.51+0.01

55 6.2+0.1 17:7:0.1 0.019 = 0.000 29 0.56=0.00

* Heat flux at steady state (see Fig. 3).

b)

¢ Thermal conductivity calculated by g. Xd/dT.
¥ Thermal resistance calculated by d /1.

The difference of temperature between measuring points 3 and 5 at steady state (see Fig. 1 and 3).

“ Thermal diffusivity obtained from the numerical calculation by Eq. 3.
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