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A tran sient one di men sional model has been pre sented to sim u late deg ra da -
tion and gasi fi ca tion of poly eth yl ene, in early stage of fire growth. In the
pres ent model ef fect of ox y gen on deg ra da tion and rate of poly mer gasi fi ca -
tion while the sam ple is sub jected to an ex ter nal ra di a tive heat source is nu -
mer i cally in ves ti gated. This model in cludes dif fer ent mech a nism, which af -
fect the deg ra da tion pro cess, such as in depth ther mal ox i da tive
de com po si tion, in depth ab sorp tion of ra di a tion, heat trans fer, volatiles
advection in solid phase and con vec tive heat trans fer on sur face. Also ef -
fects of ra di a tive pa ram e ters, due to for ma tion of char layer such as sur face
re flec tivity and ab sorp tivi ty on ther mal deg ra da tion of polyethylene are in -
ves ti gated. The re sults for 40 kW/m2 heat source are re ported and yielded
re al is tic re sults, com par ing to the pub lished ex per i men tal data. The re sults
show that an in crease in ox y gen con cen tra tion leads to con sid er able in -
crease in gasi fi ca tion rate and also leads to sharp in crease of sur face tem -
per a ture.

Key words: thermal oxidative degradation, polyethylene, reflectivity,
absorptivity, absorption coefficient

Introduction

Poly meric ma te rial are in creas ingly com mon as com po nents of fur nish ing, they
con sti tute a sub stan tial frac tion of the fuel load in typ i cal mod ern res i den tial dwell ings
and other build ings. It is im por tant to un der stand why these ma te ri als be have as they do
in fire en vi ron ment. Of par tic u lar in ter ests are fac tors which con trol the rate of poly mer
gasi fi ca tion un der tran sient heat ing such as oc curs in ini tial stage of fire growth. Ac cord -
ing to Esfahani’s nu mer i cal study [1] the rate of gasi fi ca tion plays the ma jor role in the ig -
ni tion and com bus tion pro cesses, thus any at tempt for better un der stand ing of gasi fi ca -
tion pro cess and for mu lat ing the pa ram e ters af fect ing the rate of gasi fi ca tion would be of
sig nif i cant value in the de vel op ment of fire de tec tion and pro tec tion ap pli ance. Al though
in the past de cades, great ad vances in the field of ther mal deg ra da tion of solid ma te rial
have been made, only a few works have been pub lished on the si mul ta neous ther mal and
ox i da tive deg ra da tion of solid ma te rial. For ex am ple the work of Hirata et al. [2] dis -
cusses var i ous type of re ac tion mech a nism in the poly mer such as ran dom scission ini ti a -
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tion and first or der ter mi na tion re ac tion in pres ence of ox y gen. Kashiwagi and
Ohlemiller [3] pre sented de tailed ex per i men tal re sults of the ox y gen ef fects on the rate of 
deg ra da tion of poly eth yl ene (PE) and polymethyl methacrylate (PMMA). Bulter [4] pro -
posed a mixed layer model to sim u late sur face re gres sion, melt ing, and bub bling ef fects
of de grad ing polypropylene sam ple, in her task [5], she pre sented a nu mer i cal model for
com bus tion of bub bling ther mo plas tic in the microgravity at mo sphere, how ever the ox y -
gen ef fects on the rate of gasi fi ca tion were ne glected in the men tioned model. The pre vi -
ous nu mer i cal works of Esfahani (1999-2004) [6] il lus trated ig ni tion of epoxy, in his
other nu mer i cal task [7] the model of ox y gen sen si tive ther mal deg ra da tion of PMMA
was con sid ered for first time, where the ox y gen con cen tra tion on ir ra di ated sur face is as -
sumed to be equal to the far am bi ent in or der to skip the com plex ity of ox y gen dif fu sive
and vol a tile con vec tive be hav ior. Esfahani and Kashani [8] pre sented a model for deg ra -
da tion and com bus tion of polymethyl methacrylate.

Nu mer i cal sim u la tion of ther mal ox i da tive deg ra da tion of PE and ef fect of ox y -
gen con cen tra tion on gasi fi ca tion, absoptivity and re flec tivity of PE is the pur pose of the
pres ent work. One di men sional model was used to pre dict ther mal be hav ior of PE. This
model in cludes dif fer ent mech a nisms which af fects deg ra da tion pro cess such as, in depth 
ther mal ox i da tive de com po si tion, sur face ab sorp tion and re flec tion of ra di a tion, in depth
ab sorp tion of ra di a tion, con duc tive heat trans fer, volatiles advection in solid phase, ra di -
a tion from sur face, and con vec tive heat trans fer on sur face. Spe cific fea ture of the pres ent 
work com pare to all pre vi ous stud ies is char layer pro cess, while ex tends ap pli ca bil ity of
the pre vi ous work re gard ing ox i da tive deg ra da tion [7].

Physical model

Phys i cal model is got ten from Kashiwagi ex per i men tal work [3]. A piece of
solid fuel (PE) is placed ver ti cally and ex posed to high ra di a tive heat source from it left
side while both sides are cooled by nat u ral con vec tion flow, there fore two bound ary layer 
formed ad ja cent to the walls of sam ple. Length, height, and width of sam ple are 15 mm,
100 mm, 100 mm, re spec tively. Height and width of sam ple are about 6 times big ger than
the length, so ef fect of these two di men sions in com par i son with length of sam ple is neg -
li gi ble. This ef fect is pre sented in Esfahani’s work [9]. The spec i men is as sumed to be in
ther mal bal ance with the am bi ent air be fore on set of heat ra di a tion. To cir cum vent the
com plex ity of the prob lem, ef fect of volatiles advection on ox y gen dis tri bu tion on PE
sur face has not been con sid ered so the ox y gen con cen tra tion on sam ple sur face is as -
sumed to be con stant. This is par tic u larly true when the mass flux of volatiles is small. As
it can be seen in Kashiwagi ex per i men tal work [3], max i mum value of mass flux that
leaves PE sur face is 0.5 mg/scm2, which is about 30% of PMMA mass flux.

As the sam ple is be ing heated by ex ter nal source, a por tion of in put en ergy is ab -
sorbed in depth by the sam ple and rest of it is re flected by PE sur face. Be sides, the deg ra -
da tion mech a nism is ac ti vated through out the sam ple and re lease volatiles which form
bub bles mov ing to the ir ra di ated sur face. With ox y gen in the gas phase the sam ple be -
haves sim i larly to that in ni tro gen en vi ron ment un til the first ap pear ance of volatiles in
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the solid phase. Shortly there af ter the color of the sur face starts to turn brown and some
bub bles are also ob served. The sur face color is darker with in creas ing ox y gen con tent in
the gas phase. A sche matic of the prob lem ge om e try is de picted in fig. 1.

Assumption

Sur face re gres sion, stor age of mass or en ergy, melt ing and dy nam ics of bub ble
move ment are ne glected in the pres ent model. In ad di tion all ther mal prop er ties of the
fuel sam ple as sumed to be fixed dur ing the pro cess. Ox y gen con cen tra tion on sam ple sur -
face is as sumed to be con stant. The length of the solid fuel is fixed and no ther mal con -
trac tion or ex pan sion is con sid ered as time elapses in or der to sim plify the sim u la tion.
The vir gin sam ple is as sumed to be gray so ab sorp tivi ty and emissivity are equal.

Mathematical model

The math e mat i cal model fol lows the frame work of Esfahani [8] to sim u late
Kashiwagi and Ohlemiller’s ex per i men tal stud ies [3] and is largely based on the model
pro posed by Ohlemiller [10].

Ac cord ing to Kashiwagi’s find ing [3] the rate of tran sient gasi fi ca tion can not be 
de scribed sim ply as a func tion of sur face tem per a ture or pro por tional to en ergy in put, in
ad di tion a model for pre dict ing the gasi fi ca tion rate should in clude con densed phase ox i -
da tive chem i cal re ac tions. De spite this mon i tored sig nif i cant find ings, nec es sary im -
prove ments in mod el ing of gasi fi ca tion rate have not been taken for the last sev eral de -
cades. Brown and Kashiwagi [11] dem on strated that the greater amount of ox y gen at the
in ter face in creases ran dom scis sions and gen er a tion of func tional groups by which the
tran sient gasi fi ca tion rate is en hanced. There fore a pro posed mod i fied Arrhenius type
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Figure 1. Physical configuration of the degradation problem



func tion has been uti lized for PMMA in the pre vi ous work of Esfahani [7] which is ex -
tended for PE here. Sim i larly rate of gasi fi ca tion of PE is for mu lated as be low:
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In the pres ent work a and n are found as fol low:

a = 1.5      and       n = 0.8

The term in pa ren the sis in Arrhenius equa tion is the ox y gen con sid er ation fac -
tor. As the sam ple starts to de grade, re leased volatiles con sti tute bub bles, which grow and 
leave to ward the di rec tion im pos ing less re sis tance. The flux of these volatiles is cal cu -
lated by in te grat ing the gasi fi ca tion rate over solid re gion:
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Sur face ab sorp tion term is con sid ered as a source term in the bound ary con di tion 
and for mu lated as be low:

S = I0 a(1 – r) (3)

where I0 and S are the intensity of
radiative heat source and energy which 
is absorbed by char layer, on sample
surface layer, respectively. Physical
model of above formulation can be
seen in fig. 2.

Ra di a tive heat flux which en ters
the depth of PE can be for mu lated as
be low:

I = I0(1 – r)(1 – a) (4)

The ab sorp tion of ra di a tion in
depth of solid is for mu lated by the
Beer’s law and has the fol low ing form:

d
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where I is the in ten sity of the ra di a tive
heat source, which en ters the PE, and
bs is the ab sorp tion co ef fi cient.
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Figure 2. Schematic of surface absorption and
reflection



Advection of volatiles, dif fu sion, and ab sorp tion of ra di a tion and heat of deg ra da tion
are mech a nism dom i nat ing the en ergy con ser va tion in the solid fuel and could be for mu -
lated in the fol low ing one di men sional form [7]:
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Bound ary con di tions for above par tial dif fer en tial equa tion are:
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where hc, Ts, and T4 are con vec tive heat trans fer co ef fi cient on sam ple sur face, sur face
tem per a ture, and am bi ent tem per a ture, re spec tively. Con vec tive heat trans fer co ef fi cient
is de fined by New ton cool ing law [12]. Us ing con stant prop er ties of air, con vec tive heat
trans fer co ef fi cient takes the fol low ing form:

hc = 1.87(Ts – T4)0.25 (10)

As it was men tioned, color of sam ple sur face turns brown, due to ex is tence of
ox y gen. Change in color of sur face leads to change in ab sorp tivi ty and re flec tivity of
sam ple sur face. There fore, in the pres ent work, ab sorp tivi ty and re flec tivity co ef fi cient
of PE sur face are de fined as a func tion of sur face tem per a ture and ox y gen con cen tra tion,
and are for mu lated as fol low:
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where a, r, YOsurf , and r0 are ab sorp tivi ty
and re flec tivity of sam ple sur face, ox y gen
con cen tra tion ad ja cent to sam ple sur face,
and ini tial value of re flec tivity, re spec -
tively. Value of con stants in eqs. 11 and 12 
are given in tab. 1. First exponent in eqs.
11 and 12 shows tran sient ef fect of char
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Table 1. Constant values of eqs. (11) and
(12)

c1 c2 c3 c4 c5 c6

810 3600 4 1000 2800 2



layer for ma tion causes vari a tion of re flec tivity and ab sorp tivi ty of PE sur face, which de -
pends on tem per a ture vari a tion. Term in pa ren the sis shows that, if ox y gen con cen tra tion
is equal to zero, dark en ing of sur face layer will not oc cur. 

Numerical model

The gov ern ing par tial dif fer en tial equa tions are discretized by uti liz ing the con trol
vol ume for mu la tion over the stag gered grid re gion. A linearized equa tion is solved by us -

ing a fast it er a tive TDMA method
[13]. In each time step, it er a tion will 
be done to achieve a proper con ver -
gence of (0.001 K) for en ergy equa -
tion. The men tioned com pu ta tional
pro cess will be re peated in each
time step and con tin ues to the fi nal
stage of the prob lem. The num ber of 
al lo cated nodes in solid phase is 501 
with time step of 0.1 s.

Prop er ties of PE and other rated
co ef fi cient are se lected from [3],
[14], [15], and [16]. Data given in
tab. 2, have been ap plied to the nu -
mer i cal model and as sumed to be
con stant. 

Results

Fig ure 3 pres ents vari a tion of
mass flux at ir ra di a tion 40 kW/m2. It
can be seen that, deg ra da tion pro cess 
for ex ter nal source of 40 kW/m2 be -
gins at 85 s af ter ir ra di a tion of heat
source. Mass flux sud denly in creases 
at 96 s af ter ir ra di a tion for ox y gen
con cen tra tion of 40%. This sharp in -
crease in mass flux oc curs at 110 s
af ter ir ra di a tion for 20% O2 and co -
in cides with the start time of the
color change in the sur face layer. As
it can be seen in fig. 3, flux of
volatiles leav ing the in ter face is in -
flu enced by ox y gen con cen tra tion.
The low est curve cor re sponds to
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Table 2. Physical, thermal, and kinetics constants

Prop erty Value Unit Ref er ence

rs 801 kg/m3 [14]

cs 2300 J/kgK [14]

ks 0.33 W/m2K [14]

L 414 kJ/mol [14]

bs 2300 l/m [14]

e 0.88 – [15]

r0 0.12 – [15]

As 3·1016 l/s [16]

Es 2640 kJ/kg [16]

Fig ure 3.  Mass flux for dif fer ent ox y gen
con cen tra tion



0.0% O2. This ef fect is ex plained in
the con text of mod el ing and ex -
pected re gard ing af fil i a tion of mod -
i fied Arrhenius func tion to ox y gen
con tent at in ter face. These re sults
are har mony with Kashiwagi and
Ohlemiller find ings [3].

Vari a tion of sur face tem per a -
ture for dif fer ent ox y gen con cen -
tra tion is de picted in fig. 4. As re -
sults show in fig. 4, sur face
tem per a ture tends to higher pla teau 
as ox y gen con cen tra tion in creases.
Ac cord ing to the role of gasi fi ca -
tion, in crease in ox y gen con cen tra -
tion leads to higher rate of gasi fi ca -
tion, so more amount of ab sorbed
heat is con sumed for deg ra da tion.
Be side of it, more in crease in ab -
sorp tivi ty of sur face due to in crease in ox y gen con cen tra tion leads to more amount of
heat ab sorp tion in the sam ple sur face which cor re spond to ex per i men tal data. These two
phe nom ena have op po site ef fect on sur face tem per a ture. But in crease in sur face ab sorp -
tivi ty seems to be more ef fec tive. There fore, as re sults show sur face tem per a ture in -
creases due to in creases in ox y gen con cen tra tion. Also it can be found from the re sults in
fig. 4, there is a sharp in crease in sur face tem per a ture for ox y gen con cen tra tion of 40 and
20%. For 40% O2 sur face tem per a ture in creases sud denly from 650 to 740 K at 96 s af ter
ir ra di a tion, for 20% O2 sur face tem per a ture in crease sud denly from 650 to 715 K at 110 s
af ter ir ra di a tion. Dark en ing of PE sur face due to ex is tence of ox y gen in the am bi ent air is
rea son of this phe nom e non. There is no sud den in crease in sur face tem per a ture for 0.0
and 10% O2.

Re sults of sur face tem per a ture, which are ob tained from nu mer i cal model, are com -
pared with ex per i men tal data [3] in tab. 3. As it can be seen in tab. 3, that pre dicted re sults 
are in the range of ex per i men tal val ues with the max i mum de vi a tion of 1.5% for sur face
tem per a ture.
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Fig ure 4. Sur face tem per a ture for dif fer ent ox y gen
con cen tra tion

Table 3. Comparison of surface temperature at final stage which is obtained from
numerical model and experimental data [3]

Ox y gen con cen tra tion Ex per i men tal [K], [3] Nu mer i cal [K] Dif fer ence

0.0% 680 685 0.7%

10% 680 690 1.5%

20% 705 715 1.4%

40% 730 740 1.3%



In figs. 5 and 6 tem per a ture pro -
file within the solid fuel has been
plot ted for dif fer ent time af ter ir ra di -
a tion. Fig ures 5 and 6 shows re sult
for 0.0 and 40% ox y gen con cen tra -
tion, re spec tively. It can be found by
com par ing these two fig ures that
tem per a ture dis tri bu tion in PE does
not vary with chang ing in ox y gen
con cen tra tion un til 65 s af ter ir ra di a -
tion. This means that sur face of PE
has not had any change in color un til
that time.

Also it can be seen that, the back
side of sam ple, has tem per a ture of
330 K at 170 s af ter ir ra di a tion for
0.0% O2 and 305 K at 110 s af ter ir -
ra di a tion for 40% O2. Dif fer ent ex -
po sure time, ab sorp tivi ty, and re -
flec tivity for 0.0 and 40% ox y gen
con cen tra tion are rea sons of this dif -
fer ence. As it can be seen in ex per i -
men tal data [3], ir ra di a tion time for
40 and 0.0% ox y gen con cen tra tion
is 110 and 170 s, re spec tively. If ir -
ra di a tion con tin ues, sur face of PE is
go ing to be mol ten. So test should be 
ter mi nated be fore down ward flow of 
mol ten sur face. For 40% ox y gen,
melt ing of sur face oc curs more
quickly than 0.0% ox y gen con cen -
tra tion. Ac cord ing to fig. 4, sur face
tem per a ture of PE for 40% ox y gen is 
higher than sur face tem per a ture for
0.0% ox y gen con cen tra tion, so melt -
ing of sur face layer hap pens sooner

for 40% ox y gen, there fore test must be fin ished in ad vance.
Ef fect of ab sorp tion co ef fi cient on sur face tem per a ture of PE is in di cated in figs. 

7 and 8. Fig ure 7 shows re sult for ox y gen con cen tra tion of 40% and fig. 8 is for 0.0% ox y -
gen con cen tra tion. It can be seen in fig. 7 that for bs of 2300 m–1 sur face tem per a ture will
be 740 K af ter 104 s of ir ra di a tion. By in creas ing bs from 2300 to 4000 m–1, en ergy which
is ab sorbed by the layer near PE sur face will in crease, there fore sur face tem per a ture in -
creases more quickly and it will be 740 K af ter 97 s of ir ra di a tion. Sur face tem per a ture
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Figure 5. Temperature profile in PE for different
time after irradiation at 0.0% oxygen

Figure 6. Temperature profile in PE for different
time after irradiation at 40%  oxygen
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Fig ure 7. Vari a tion of sur face tem per -
a ture via time for dif fer ent val ues of
ab sorp tion co ef fi cient and ox y gen
con cen tra tion of 40%

Fig ure 8. Vari a tion of sur face tem -
per a ture via time for dif fer ent val ues
of ab sorp tion co ef fi cient and   ox y gen
con cen tra tion of 0.0%

Fig ure 9. Vari a tion of sur face tem -
per a ture via time for dif fer ent val ues
of  sur face emissivity and ox y gen con -
cen tra tion of 40%



reaches 740 K af ter 112 s for bs of 1000 m–1. The same re sults are yielded for ox y gen con -
cen tra tion of 0.0% in fig. 8. Sur face tem per a ture af ter 170 s ir ra di a tion is 650, 675, and
680 K for bs of 1000, 2300, and 4000 m–1, re spec tively. When bs in creases, most of en -
ergy is ab sorbed in the layer near sur face, there fore tem per a ture of sur face in creases, but
when bs de creases, amount of en ergy which en ter PE, dif fuse to the deeper layer and it is
dis trib uted more in depth of PE, so sur face tem per a ture de creases when bs de creases.

Fig ures 9 and 10 show sur face
tem per a ture vari a tion via time of ra -
di a tion for dif fer ent val ues of sur -
face emissivity. Fig ure 9 shows re -
sults for 40% ox y gen and fig. 10 for
0.0% ox y gen con cen tra tion. When
emissivity in creases, amount of heat 
which leave PE sur face by means of
ra di a tion, in creases, there fore sur -
face tem per a ture de creases and vice
versa.

It can be seen in fig. 9 that sur -
face tem per a ture reaches 740 K af -
ter 96, 104, and 108 s for sur face
emissivity co ef fi cient of 0.7, 0.88,
and 1.00, re spec tively. The Ma jor
ef fect of in crease in emissivity is de -
lay in time of reach ing max i mum
sur face tem per a ture. For ox y gen
con cen tra tion of 0.0% vari a tion of
sur face tem per a ture via time for dif -
fer ent val ues of emissivity is yielded 
in fig. 10. It is found that, change in
emissivity from 0.88 to1.00 de -
crease max i mum sur face tem per a -
ture from 675 to 670 K and re duc -
tion of it from 0.88 to 0.7 shifts
max i mum sur face tem per a ture from
675 to 685 K.

Tem per a ture dis tri bu tion in PE
sam ple at fi nal stage 110 s af ter ir ra di -
a tion is de picted in fig. 11 for dif fer -
ent val ues of ab sorp tion co ef fi cient
and ox y gen con cen tra tion of 40%. It
can be seen that by de creas ing bs from 
2300 to 1000 m–1 heat ab sorp tion in
lay ers ad ja cent to sur face de creases,
there fore tem per a ture pro file from

32

THERMAL  SCIENCE: Vol. 11 (2007), No. 2, pp. 23-36

Figure 10. Variation of surface temperature via
time for different values of surface emissivity and
oxygen concentration of 0.0%

Figure 11. Temperature profile for different values 
of absorption coefficient and oxygen concentration
of 40%



sur face to the depth of 2.5 mm falls
to the lower val ues as com pared to
tem per a ture pro file of bs = 2300 m–1

and it shifts up to the higher tem per -
a ture from depth of 2.5 mm to the
back side of sam ple. In crease in bs

from 2300 to 4000 m–1 leads to mi -
nor change of tem per a ture in depth
of PE sam ple.

Fig ure 12 shows tem per a ture
pro file in PE sam ple at fi nal stage
170 s af ter ir ra di a tion for dif fer ent
val ues of ab sorp tion co ef fi cient
and ox y gen con cen tra tion of 0.0%. 
By in creas ing bs from 2300 to
4000 m–1, heat ab sorp tion co ef fi -
cient at PE sur face in creases,
there fore max i mum tem per a ture
oc curs at sur face. By de creas ing
ab sorp tion co ef fi cient, ra di a tion
can dif fuse to the deeper layer of PE and max i mum tem per a ture shifts to the depth of
sam ple. Also it can be seen in fig. 12 that de crease in bs from 2300 to 1000 tem per a ture
pro file from sur face to depth of 1 mm falls to the lower val ues as com pared to tem per a -
ture pro file of bs = 2300 m–1 and it shifts up from depth of 1 to 15 mm to higher tem per a -
ture.

Fig ure 13 shows vari a tion of sur face ab sorp tivi ty via time of ir ra di a tion for dif -
fer ent val ues of ab sorp tion co ef fi cient and ox y gen con cen tra tion of 40%. For bs of 4000,
2300, and 1000 m–1 sur face ab sorp tivi ty var ies from 0 to 0.7, 0.68, and 0.22, re spec tively. 
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Figure 12. Temperature profile for different values
of absorption coefficient and oxygen concentration
of 0.0%

Figure 13. Variation of surface
absorptivity for different values
of absorption coefficient and
oxygen concentration of 40%



Con sid er able vari a tion of sur face ab sorp tivi ty (gra di ent = 0.01 s–1) be gins at 79, 90, and
107 s for bs of 4000, 2300, and 1000, re spec tively. 

Conclusions

At the pres ent work an ox i da tive-ther mal deg ra da tion model is de vel oped, that high lights 
the ef fect of ox y gen con cen tra tion and ra di a tive pa ram e ters such as emissivity, ab sorp tivi ty,
and re flec tivity on rate of gasi fi ca tion. Also vari a tions of re flec tivity and ab sorp tivi ty of sam -
ple sur face were pre sented in or der to ful fill the sur face dark en ing ef fect.

The fol low ing con clu sion can be drawn based on the model:
– a modified Arrhenius type function was presented which comprise oxidative

degradation PE sample exposed to the radiative source of 40 kW/m2,
– an increase in oxygen concentration substantially increases the rate of gasification,
– an increase in the oxygen concentration leads to increase in absorptivity due to

darkening of PE surface,
– increase in mass flux due to increase in oxygen concentration and increase in

absorptivity of PE surface are two factors which are in competition with each other,
The first one reduce the temperature and the second one increase the temperature, but
increase in absorptivity is more effective, therefore temperature profile shift up due to
increase in oxygen concentration,

– sharp increase of surface temperature was found for oxygen concentration of 40 and
20%. But this sharp increase is more considerable in 40% oxygen. Darkening of PE
surface due to existence of oxygen in the ambient air is reason of this phenomenon,

– the predicted results are in the range of experimental values with the maximum
deviation of 1.5% for surface temperature,

– when emissivity increases, amount of heat which leave PE surface by means of
radiation, increases, therefore surface temperature decreases and vice versa, and

– by increasing bs, heat absorption in layers adjacent to surface increases, therefore
temperature profile from surface to the depth of 1.5 mm shifts up to the higher values
and it falls to the lower temperature from depth of 1.5 mm to depth of 15 mm.
Reduction of bs leads to increase of temperature in depth of PE sample.

De spite of com plex ity of PE deg ra da tion pro cess, sim pli fied model which is
used in the pres ent work to sim u late this pro cess seems to be suc cess ful. The model
shows de vi a tion from the ex per i men tal re sults and needs fur ther im prove ment in the fu -
ture, how ever it can still de scribe the gen eral trend of the phys i cal pro cesses and has the
ad van tage of be ing very sim ple and re sults could be achieved with rea son able ac cu racy
and quick ness.

Nomenclature

As –  pre-exponential factor of reaction, [s–1]
cs –  specific heat of solid-phase, [Jkg–1K–1]
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Es –  activation energy, [Jkg–1]
hc –  convection heat transfer coefficient, [Wm–2K–1]
I0 –  intensity of radiative heat source, [Wm–2]
ks –  thermal conductivity of solid-phase, [Wm–2K–1]
L –  heat of degradation, [kJmol–1]
ls –  length of solid fuel, [m]
m" –  rate of gas production in each cell, [kgm–2s–1]
q" –  heat flux, [Wm–2]
R –  gas constant, [kJkg–1K–1]
r –  reflectivity, [–]
r0 –  reflectivity of virgin material, [–]
T –  temperature, [K]
t –  time, [s]
v –  local mass flux of volatiles, [kgm–2s–1]
x –  coordinate [m]
YOsurf –  oxygen mass fraction on surface, [–]

Greek letters

a –  absorptivity of PE, [–]
bs –  absorption coefficient of solid PE, [m–1]
e –  emissivity, [–]
rs –  density of solid, [kgm–2]
s –  Stefan-Boltzmann constant, [–]

Subscripts

c –  conducted
e –  emitted
l –  local
r –  reflected
s –  solid
O –  oxygen
surf –  surface
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