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

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 (0.41 % 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 spec1mens
Samples Demltjg Thlckness, dl A’ {?p‘”
(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 22
ni 150 26
40 11
Glass wool 39 50 Y 14
panel 60 0.036 17
, M e
25 1.3
Phenolic foam 97 35 N 18
panel 45 0.020 2.3
5 | | 28

¥ Thermal conductivity.

* The value at 10°C obtained by part II of this study.

“ The values shown in the specifications of the products.
* Thermal resistance calculated by d /4.
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Phenolic foam panel

Particleboard
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Phenolic foam panel 10 mm
Enviromental chamber Cross section

Fig.1.  Measuring device and sample set-up.

Outside
R mm e — —————
2 1
< 1
o 1
5 1
= ]
5 1
g Inside !
1
&0 r T 1 !
1 | 1
1 | 1
1 \ 1
1 1 !
«— 1h b 1h —»
Time

Fig.2. A schedule 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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Binder-less wood chip insulation panel, d: 100 mm Glass wool panel, ¢: 60mm 3 Phenolic foam panel, ¢: 35 mm
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Fig.3.  Examples of changes of temperature and heat flux for panels with a similar thermal resistance
(R =18m*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).

383

Samples Thickness, d | dgi/df’ dqw/dt’ I3 I~ Wi’ .
(mm) (Wim'min) | (W/m’min) (min) (min) (kJ/m?®) (kJ/m®)
50 0.856 =0.015 | 0.156 = 0.006 153+0.0 137008 112.2+0.3 799+0.2
Wood chip 75 0.930=0.034 | 0.076 = 0.002 22.0+0.0 2124+39 65.2%1.0 1168+1.7
insulation panel 100 0.916 £0.002 | 0.060 = 0.008 39.6%0.0 2870134 37310 150.7+0.9
125 0.924+0.012 | 0.043%0.002 56.0 0.0 360.3+24.5 228+0.6 166.8 +54
B 150 | 0900+0064 | 0034+0001 | 62000 | 3950126 | 116+27 | 1926%10
40 0.352+0.030 | 0.163+0.014 11.0+£0.0 90.8+5.3 103.7+04 186+05
Glass wool 50 0.321+£0.068 | 0.127 £0.010 11.7+0.0 981+35 83.0%1.6 249+0.1
panel 60 0414£0.005 | 0.114+0.012 12.7+0.0 1149+151 67.9+13 249+21
B 70 | 038120017 | 0110+0008 | 15300 | 12742245 | 506%06 | 25719
25 0.378+0.027 | 0.167 =0.029 833%0.0 724+33 100.8+0.5 14.3+0.7
Phenolic foam 35 0.308+0.087 | 0.112+0.029 127+0.0 844%35 738%+14 168+1.1
panel 45 0.399+0.013 | 0.085+0.018 14.7+0.0 89.8+14 58.2%0.1 199+04
|55 |omr=002 | 006720014 | 187200 | 1013245 | 47205 | 28201

" The increased speed of heat flux (g.; outflow, gu; 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.
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Table 3. Thermal properties of the test specimens (values listed are shown as mean +std, N=3-6).

Samples Thickness, d ", ’ R ’ af; Y
(mm) (Wm) (W/mK) (M’ K/W) (x10"°m’s)
50 16.2+0.0 14400 0.056 = 0.000 09 0.35=0.02
Binder-less 75 12401 16.0+0.1 0.058 + 0.001 1.3 0.39x0.04
wood chip 100 10.1+0.0 166=0.0 0.061 £ 0.000 1.7 048 +0.01
insulation panel 125 8502 17.4=0.1 0.060 = 0.001 2.1 0.45+0.03
150 73%00 178202 | 0060%0002 | 25 | 054:001
40 13.7+0.1 14.8+0.2 0.037 = 0.000 1.1 1.14+0.09
Glass wool 50 11600 158+0.1 0.037 £0.000 14 1.04 £0.03
panel 60 97+01 164%0.1 0.035 £ 0.000 1.7 1.11+0.01
70  83%01 173201 | 003420000 | 21 | 105004 _
25 126 0.1 16.1%0.1 0.020 = 0.000 13 0.63+0.03
Phenolic foam 35 96x0.1 168+0.1 0.020 = 0.000 1.7 0.57x0.01
panel 45 7.7x0.0 176%0.1 0.020 £ 0.000 2.3 0.51x0.01
55 62201 17701 | 0.019%0.000 29 056 = 0.00

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

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

“ Thermal conductivity calculated by g. X d/ dT.
 Thermal resistance calculated by d/A.

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