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Atthaphorn Sakulsom 2008: An Experimental Study of Pyrolysis of Beach Makha and
Teak in a Cone Calorimeter. Master of Engineering (Mechanical Engineering), Major
Field: Mechanical Engineering, Department of Mechanical Engineering. Thesis

Advisor: Mr. Nathasak Boonmee, Ph.D. 87 pages.

An experimental study of wood pyrolysis was performed in a cone calorimeter.
The experiments were conducted for three wood species: Beach, Makha, and Teak. A wood
sample was insulated on sides and back to promote a one-dimensional heat transfer. The wood
sample was exposed horizontally to the cone heater where a heat flux direction is perpendicular
to wood grain orientation. The applied incident heat fluxes were 15, 20, and 25 kW/m’. A mass
loss of each wood sample was continuously recorded by a load cell and a video camera was
used to view the sample surface. Based on a video recording, an experimental glowing ignition
time defined as the first time when a glowing spot appears on the wood surface could be
determined. From the evaluation of the glowing ignition time, it was found that the critical heat
fluxes for glowing ignition for Beach, Makha, and Teak were 2.18, 4.04, and 6.97 kW/m’
respectively. The thermal inertia were 0.0222 0.0039 and 0.0062 J ‘m’'K’s". The experimental

study found that at steady state the pyrolysis rate increased with an incident heat flux.

Student’s signature Thesis Advisor’s signature
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1. oasimatnalnlslada (Pyrolysis Rate)
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MmN 1 agiwanisnaaes

Al ¥HA ana dnnmatha  nallumsya nm‘ﬁﬁnmmq
msmaaeshi  wedlyl  anwdou  'lslsda anlnuuy $ouay 50
q" fanzaa glowing VoI
(kW/m’) (g/mz.s) tiowing (8) (s)

T-15-1 Ty 15 2.82 781 1193
T-15-2 Ty 15 5.60 786 1211
Tv-20-1 T 20 8.54 540 788
T%5-20-2 e 20 8.58 552 752
Ty-25-1 k] 25 9.50 253 399
Ty-25-2 e 25 10.50 248 387
eA-15-1 VER 15 4.54 784 1285
EA-15-2 Wz 15 5.37 601 1107
ZA-20-1 Nz 20 4.79 439 738
ZA-20-2 Wz 20 6.18 395 840
ZA-25-1 Uz 25 5.85 188 373
WZA-25-2 Uz 25 7.10 117 322
dn-15-1 an 15 3.84 1317 1635
dn-15-2 an 15 5.03 803 1221
¥n-20-1 an 20 7.51 496 798
Tn-20-2 an 20 5.58 501 802
dn-25-1 an 25 * 103 *
dn-25-2 an 25 9.46 118 311
¥n-25-3 an 25 7.63 175 297
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a = IS
(R) 1321 399 UM MILHIAY () MsEAIFan1I2AA7

9
VST 50 YDINUAD

d' a a . . . Y
HMNN 13 Wi]ﬁﬂ‘i‘iwﬂﬁi}ﬂﬁﬂllv\hmﬂ glowing LAZ NI (glowing combustion) “U’E)\‘luliJ‘UGJS
NszaurdngANToU 25 kW/m’ (1¥-25-1) MIa () 5UAUMITNAAD (V)
a1 253 i iamsgaaa Iluuy glowing (A) 111399 UM% MIIAA

A A 9 dy a Y 1 (Y
VUTNIUTDIAL 50 VDINUNI (3) MIAIVIFANITAN



160

140

120

100

80

60

40

20

250

S

NN

100 2 300

time(s)

Y

200

150

100

50 q

42

——beach_15_2
——makha_15_2
sak_15_2

H [ a a Y a y (Y] 4
M 14 damana Inls lagaueq 18 3 sianndnganusou 15 kwW/m’

——bheach_20_2
——makha_20_2
sak_20_2

100 200 300

time(s)

Y [ a a 3 a { [ o
M 15 gasmanalnls lagaveq 19Me 3 sianvdndanudou 20 kW/m’



43

300

250

200

— beach_25 2

g 150 — makha_25 2
m--s sak 25 2

100

50

/\

0 100 200 300

time(s)

! Y] a a us.:} a { [ 4
M 16 aasdasimana ln s lagaves 1 3 sianndndaudou 25 kw/m’

A =2 ~ ] v Y 1w 2 9 ' A o
INNINN 14 DINTINN 16 °lmnwdaﬂcﬁm1maummu 15 kW/m hliJiJ%ﬂ'li]%iJﬂG]ﬁﬂﬁ

v
o

ma'lwlsladagege sesaundulfdnne: Ifdyiisandge Wenldourdndanufowiu

v Y
20 kw/m’ 8as1mana Inls lagaves lddsazmuauauaenin lduzawas 1ddnaziionsins

U

wa'lnlslagadiga wazhivdndanudou 25 kwm’ azlivunldusasimaia lnlslade

A Y] ] Y4 9 2 1 A o A A 1 a 9
WNeUNUFNNaNFANNTOU 20 kW/m Lmi]$3J?Jﬁi?ﬂTi!ﬂ@ﬂq\‘lﬂ’J1juﬂﬂ°}5u@1N

A = A & J 2 o a a 9}:;’ a
NNINN 17 DINTNN 19 G]NL‘IJuﬂTiLlﬂ'ﬂQﬂ\i@ﬁ‘ﬂﬂﬁlﬂﬂthI‘i'lﬁ%ﬁﬂJ@\‘iUliJ‘VN 3 ¥UA

~ % o 9 2 [~ 1 ] A Y o a a 1
nldnganuIen 15 20 1az 25 kW/m ﬂ%&ﬁu’ﬂiu%’)ﬁLiﬂJﬁu@ﬁ‘ﬂﬂﬁ!ﬂﬂllv\liﬁhlacﬁﬁiwq\?ﬂ’ﬂ

A
mzidle I 185 uanudeunlitinalgason Inls lagaldndadasioaninluwenairim lidn

a

szozin laznanaatluoudavremsiihanudouad lUnm i ldsasnmana Tnls laga

F4
=< o

o' [ ] A A v d 9 Y Y o a a
araennlugiusn LLﬁ&lJ’E]LWiJ‘IJUW]GU’ENV\Iaﬂ“lfﬂ']"lﬂi'f)lﬂﬁij\ﬁlﬂﬁ]%ﬂﬂﬁ’ﬂ@]ﬁ?ﬂﬁlﬂﬂUlWIﬁqa“Kﬁ

S
FaUUAY



300

250

150

100

50 1

e G =

200

300

44

——beach_15_2
——beach_20_1
beach_25_1

2N 17 dasimana lnls lagavedlddsnndndanudou 15 20 tag 25 kW/m’

300

250

200

100

50 1

AT AN

N\

~

100

time(s)

200

300

—makha_15_1
——makha_20_1
makha_25_1

H % a a [ H @ o
M 18 uaasdasimana lnls lagaves lduzanvdndanudou 15 20 1ag 25 kW/m’



45

250

200 ﬂ

150

g —sak_15_1
—sak_20_1

m--S sak 25 1
100

50 q

N

0 100 200 300

time(s)

MU 19 uaasdasimana lnlslagavedlddnnvdndausou 1520 uag 25 kW/m’

~ I [ a a [ v 9 o o 9 a
MNN 20 wasadasimana nls lagaluannzasnundnganusoudmsuld 3 wiia

A A v d 9 a A A ow A d? A [ a a Y
diamuslanganusoumanalnls ladalisasunuay  tosnnsasimana lnls lagaualsiu

< ] a A Y4 1 [ o
Tagasauuon liuumdoanugurgld  mawwdanganudoudwaldoasimitiniuiou
a ay 9y A (% 09.:‘ (% a A K A d? A (v o 9

uazgamglvesdu ldnadeumings aniusanmana lnls lagadanugaiu Adnsanuiou
15 kw/m’ oasimana s lagaluanazasdandovod ity 1duza uaz lddniaumnu

2 o w A (o o 9 2 @ a a
42 5.0 1Az 44 g/m’.s Muaey luvarnnldndanudou 25 kw/m® dasimsnalnls lage

Tuannasdundsves lsids liuzar vag lidnlinmiiiy 10.0 6.5 uay 8.5 g/m’.s MU e



46

—~ 15
~ w
£ ettt
()] > ]
o O TsfuzaAn
© O'ls¥dn &
o an
. 10 o )
2]
g o .
>
: S 0
g ° % :
0
> O
©
@
Q9
@ o : : :
10 15 20 25 30

§" (KW / m?)

d' o a a Y Y 09/’ a A v 9 [
HMNN 20 L!ﬁﬂ\i'ﬂ@ﬁ']fﬂilﬂﬂleTﬁUlﬁ“]fﬂ'iu@’fﬂ'l')%ﬂ\‘]ﬁ'ﬂlﬂﬁulﬂﬂﬂ 3 ¥UA “I/W‘Iﬁﬂ“]fﬂ'ﬂi]ﬁ'ﬂuﬁ'l\‘]“]
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Glowing Ignition)
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® first glow
B 50% glow
— Linear (first glow)

— Linear (50% glow)
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2
0.0035-| 2 koc L (;j
3 7 1 (2-0.9992)1-0.9992) 452.57 - 296

A Y 9 '@ 2 -4 -1
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[ v 4‘ Y [ U Vo
NIAMUIUTIIA Tig ﬁ HASANNNDUNINANNIDU ﬁ'l“r‘iﬁﬂnlilﬁﬂ

NNAUNIT (32)

qcr = H(Tig _To) + O-(Tig _T04)

Wdndanudeuingaves Ity = 6.97 kW/m’
Sulszanimsmanudoy = 13.39 W/m’K
fhmﬁmm Stefan-Boltzmann = 5.67X10" W/m'K'
gaungldundoy = 296 K

Y
4

unumMnIruaad luaums (32)

6970 = 13.39(T,; -296)+ 5.67X 10" (T, -296")

a

aunsammguugiyads T 1dminy 525.69 K

Q

ihagamgiimsyada i ludamen g, Tdnnaums (17)

ot -T)+n(T, -T,)
" o

Taw ¢ w2 1¥amldndanusouingamnldiuim

unumaulsarenaslyluaums (17)

5.67x107(525.69* — 296*) +13.39(525.69 — 296)

o 6970

i B, dmsuldDyliaunmiiy 0.9959
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-l (555

1 slope vodldiwlinuniiy 0.0031

unuadnlsasluaums 35)

1

2
0.0031= fkpc L ( L ]
3 7\ (2-0.9959)1-0.9959) 525.69 — 296

A Y 9 '@ 2 -4 -1
’ﬂ’NlJm@fJ'I/INﬂ'J"IﬂJi@uéU’ENlliJTJGHWHﬂU 0.0062 J'm K2s
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