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Background
Why model heating in wood*

National Fire Plan

Managing the Impact of Wildfires on the Communities and the Environment

59t FPS & SWST Conference, Quebec City, Canada June 19t 2005




=3 i

] \_‘ ORI -.. rE
00008004004
I OO QRO SR i

Tangential
Plan

Managing the Impact of Wildfires on the Communities and the Environment

e RO U IO

ire

e 180 8 %090
e Sy e 0l e

ional F

it

o
e

n

v
=
S
(@l
(@)
—

Q

g

=
—_

Longitudinal

59t FPS & SWST Conference, Quebec City, Canada



B B O U PP

Y N R L R A R

n 8

E

I

A.:

=

1

1a

m. e 'w 'w :.ww«,t?w

ire

-T

Path

Tangent

s on the Communit

ir:

» Tangential

o

oo w Sl

b (,F”F g

iona

]

he Impact of Wildf

uv: e v.z.

.
l
aging

Man;

A

.w:. o 'w

o r o ,.,&,y

| e,
e nenen w
*,n&%ﬂ»@ﬂﬂ S— w.

by
o

SRR

wg
e ﬁ

AR

r

i

AR

e «J e

o

R

(o

June 19, 2005

Back rund

e
b e

&

5(

& ?,.F”.F% ,F?

R s ¥ S Tw%y e sy

&,. e L 4@, o w,, . .mi.: . o .f.mi:f?. qwim%m%

a k a, . ,, k a, o , , o , S J ]
M. _,M. ,m,. _w_,m nﬁ _, m,. _wm. _n _n w,.“,. m,._ M. m,. _,M. _,w ,m,. oL
SO ot AR AN
: ,%M.m,,.ﬁa,,‘.k, . .%ﬁ %ﬁ -

w

ity, Canada

<

;, ? ;, ? T X ;, ;, ;,
y.T. it .ﬁum. y.T. & ﬁ? .hm{m 4” T " , M&Mw

ﬁ.ﬂmﬂ% ) w %m«a; e i.mwiw%.}: ,.éw,}@.}a&@.}
. mem e S e = ==
? ;, < ? S ;, , ? ;,

e oo (0 ey

w:mi@?mi ‘m:,wmg Mww,i,f = {w&wwim? - . Etoil

Lo k;k; k;.;, k; o e

59th FPS & SWST Conference, Quebec C



FS Cellwal

Free water in
Cell lumen

Water vapor in
Cell lumen

National Fire Plan

Managing the Impact of Wildfires on the Communities and the Environment

59t FPS & SWST Conference, Quebec City, Canada June 19, 2005




—&— Model - 0% MC
—2#— Model - Fiber Saturation Point
0.7 - —o— Model - 50/50 water/vapor in ~

lumen
| —S— Model - Fully Saturated

0.6 -
—B— MacLean - 0% MC
0.5 -
— A&~ MacLean - Fiber Saturation
Point
0.4 1 —&— MacLeans - 50/50 water/vapor
in lumen
0.3 | —® MacLean - Fully Saturated

Effective thermal conductivity (W/m.K

0 300 600 900
Density (Kg/m3)

59t FPS & SWST Conference, Quebec City, Canada June 19, 2005

1200 1500 1800

National Fire Plan

Managing the Impact of Wildfires on the Communities and the Environment




Current Research

Flat grain board
'
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Flat grain: install bark side own Bark side

National Fire Plan

Managing the Impact of Wildfires on the Communities and the Environment

59t FPS & SWST Conference, Quebec City, Canada June 19, 2005




Current Research

Currently: Two
1000 Watt 2.45
GHz household
microwave

generators

Raduator ' Internal Pres

Mechanism
ﬁ National Fire Plan
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Current Research

Temperatures inside the board are
measured using either our own shielded
thermocouples or commercial fiber optics.
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Conductive Heating Rate

Conductive Heating Rate

»two boards at
pressurized heating

»two boards at non-
pressurized heating

Different

»moisture content;
»density

»thermal conductivity;

»specific heat;

oT k
dt p C
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Conductive heating rate (un-normalized)

MC = 55%
MC = 168%

MC = 59%
MC =114%

Pressurlzed (60 psi), bar temp @180°C

Non-pressurized, bar temp @180°C
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Normalization — Conductive

oT _ k VT

at  pC,

oT p p
(E)NEW ( . )std ~ ( )OLD ( . )old

(5_T) - (IO p)old sttd aT)
dt e (IOCp)std X kold dt o

k — thermal conductivity;

p -- density;

C, — specific heat;

subscript Std for standardized board, which assumes a board having 70%
porosity and 30% moisture content (density of 431g/cms)

59t FPS & SWST Conference, Quebec City, Canada June 19, 2005

5 = 5 =
» . o
National Fire Plan
Managing the Impact of Wildfires on the Communities and the Environment




Heat Capacity (pCp)

Cell wall

Density  Specific Heat

(Kg/m3)  (J/Kg'K) Swelling Cell wall
Cell wall substance (0%MC) ! 1540 1260
Air in the lumen (0%MC) ? 1.161 1007 Vapor
Bound water in cell wall ° 1115 4658
Saturated cell wall (FSP) 4 1412 2279
Water vapor in cell lumen ° 0.734 2278
Free water in cell lumen ° 1003 4176

»Density and specific heat for each component in wood is summarized from the literature;

»Volume fraction for each component is calculated based on the microscopic structure of wood
as a function of porosity and moisture content;

»Porosity is calculated from the ovendry density measured for each board by the relationship of:
povendry = pair X POFOSily + pcellwall X (1 - POFOSiD})

» Total heat capacity is also affected by the temperature. The linear relationship between
temperature and specific heat from Siau’s textbook was applied to the final total heat capacity

5 .‘ L = -
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Thermal conductivity (k)
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Normalized Conductive Heating Rate

»Correlation between Conductive heating rate (Normalized)
heating rate and 0.04 160
moisture content for /P‘y\ MC = 55%

. o 0.035 MC = 1689% 140
conductive heating is N\ MG = 5%//—>
-0.825; - 003 MC =114 120
»Correlati ith £ Aﬁ %)

orrelation wi E 0058 "
(pCp)tota/ is about - . E
-0.894. 8 o002 E
. . = 2
»Higher internal JIE : : — 1w g
temperatures are S / " -
possible with . / y\jm ‘1“
ressurized heating;
p g 0.005 W =-._l_:55h.: | "R
»Moisture loss is less . i _
with pressurized 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000

heating; time (sec)
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Microwave Heating Rate

Raw MW heating rate Microwave heating rate -- Un-normalized
»6 boards pressurized 0.45
heating NP, 45% MC ——— NP, 105% MC
) — NP, B2% MC — NP, 41% MC H
>0 boa.rds non- . NP, 70% MC — NP, 72%MC
pressurized heating P, B1% Mc P, 8% MC
P, 59% MC P, 52% MC n

Different

P, 40% MC P, 53% MC

»moisture content;

delta T (C)

»density;

»specific heat;

»power value;

100 150 200 250 300 350 400 450 500
p time (sec)
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Normalization — Microwave

oT _ N VT (+see note) N is a difficult parameter to
dt ,OC obtain experimentally. But N
might be able to be
oT poC oC determined by studying the
p p . .
(E)NEW ( )Std ( )OLD ( )Old ratio of N/k (MW heating

parameter over thermal
conductivity). This ratio can
be obtained by testing the
same board (having the
same porosity and relatively
same MC and density
conditions), comparing the
two heating rates to obtain
N/k ratio. This factor will be
used in the MW heating rate
normalization

aT (p )old aT

( df )NEW ( Cp)std XNold dt )OLD

N — Microwave power value,
N =5.56x10" fg'tano @ E*;
f — frequency; &'—relative electric const.;

tan 0 —loss tagent; E —electric field strength

* from Gregory 1. Torgovnikov. (Dielectric Properties of Wood and Wood-based Materials
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Microwave Heating rate

> Correlation Microwave heating rate -- Normalized

between heating rate 0.08
and moisture content NP 5% MG — NP 105% MC
o 0.07 +—= —
for MW heating is NP, B2% MC NP, 41% MG
about -0.778;

0.06 NP, 70% MC NP 7Z%MC
» Correlation with i P 61% MC P, 58% MC
' P, 59% MC P E2%MC ||

(PCP)ioia 1S abOUL

Normalized delta T {C)
Q
=

_0 882 P, 40% MC P, 53% MC
» Pressurization 0.03

increasethe | E @ [ @@l o
microwave heating 002 p——  ——————— T iaaata

rate; 0.01

»Higher internal F
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Absorbed Energy by Microwave
vs. Conductive Heating

>M'Cr_owave heat up Conductive & Microwave pressuized heating energy absorption
wood instantly;
5.0E+08
»Energy absorbed into =
. 4 5E+08 MC="168%
wood by Microwave MC = 40%

. . e P, M
heating is about 2-4 _ 40E+08 MC=53%
times more than the E 3 5E+08 [ Microwave pressurized heating MC =72%
energy absorbed by = //f e \

. . 2 3.0E+08
conductive heatlng % //l / Conductive pressurized heating
during the early 25 S 25E+08 /// Méi»w
: _ -
minutes; L 20E+08

. . O
_>M0|sture in wood has D 4 5Ei08
little effect on energy <
absorbed by MW 1.0E+08
heating, but significant 5.0E+07 +/—
effect on energy 0.0E+00

. UE+
absqrbed by conductive 0 2000 4000 6000 8000 10000
heating. time (sec)
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Absorbed Energy by Microwave
vs. Conductive Heating

Conductive & Microwave non-pressurized heating energy

> Absorbeq energy = absorption

pCpxT; Cp is function of 3.0E+08 | |
Microwave non-pressurized heating

temperature, too > 7E+08 -

»Energy absorbed into > AE+08 / 1C = 52%

wood by Microwave
heating is about 4-6 times
more than the energy
absorbed by conductive
heating during the early
20 minutes;

/ MC = 105% fjf
2.1E+08 4 MC=599%

%/ MC = 114% / /
1.8E+08 / / / %M””W
1.5E+08 o

1.2E+08 // //\ /
. . 9.0E+07 // /
»High moisture board //

/ Conductive non-pressurized heating
absorbed more energy 6.0E+07 /y
than low moisture t-)oarld N
by conductive heating in a

non-pressurized chamber.

Absorbed Energy (J/Kg)

0.0E+00

0 2000 , 4090 6000 8000
time'(sec)
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Energy absorption by microwave heating

I
non-pressurized heating

MC = 62%
WMC—=105%
MC = 53%

/ MC = 72%

////f pressurized heating
0 500 1500 2000

ti m190&% ¢)

Pressurized environment has a positive effect on conductive heating energy absorption,

but has a little negative effect on microwave heating energy absorption.
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Heat transfer in wood — where
does the energy go into wood?

Cell wall

Swelling Cell wall

Vapor

Volume fraction for each component is calculated based on the microscopic structure of
wood as a function of porosity and moisture content;

Assume a unit cell with porosity (0% - 95%) swells to (1+A¢) (1+2A¢);

Moisture content ranges from 0% to the maximum moisture content at each porosity;

= National Fire Plan

Managing the Impact of Wildfires on the Communities and the Environment

59t FPS & SWST Conference, Quebec City, Canada June 19t 2005



Heat transfer in wood - where does
the energy go into wood?

Percent of total energy stored in cell wall Percent stored in lumen vapor

N
DN
N
D —
e
AR >
AR
—_————
N

Erergy bound water %Total

1

0.5

Moisture  Content

Percent of total energy stored in bound water
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Heat transfer in wood - where does
the energy go into wood?

120%

100%

80%

60%

40%

20%

Percent in Total Store Energy

0%

-20%

\ —cell wall = bound water
—— free water —— vapor
—total
(07 20% 40% 60% 80% 100% 120% 140% 160% 180% 20

0%

Moisture content (%)

N

DN

=
AR

)

N
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0.5
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\\\\\““““‘ SN
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X
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T
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=
—————
=

1

Moisture Content

Porosity
0.6

Energy bound water $Total
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Summary

+ The heating rate is correlated to moisture content and heat capacity of
each board by both conductive and microwave heating;

+ Higher internal temperatures are possible with pressurized heating;

+ Energy absorbed into wood by Microwave heating is instant and 2-4
times for pressurized and 4-6 times for non-pressurized more than the
energy absorbed by conductive heating during the early 20 minutes;

+ Moisture in wood has little effect on energy absorbed by MW heating, but
significant effect on energy absorbed by conductive heating. High moisture
board absorbed more energy than low moisture board by conductive
heating in both pressurized and non-pressurized chamber.

+ Pressurized environment has a positive effect on conductive heating
energy absorption, but has a little negative effect on microwave heating
energy absorption.
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Questions and Comments ?

Thank you!
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