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Abstract

Experimental studies were conducted to investigate the behaviors of non-spread diffusion flames of liquid fuel-

soaked porous beds. The effects of the properties of the porous bed and the fuel on combustion behaviors, including

flame temperature profiles, combustion duration time, fuel consumption and the amount of fuel residue in the porous

beds, were studied in the experiments. Additionally, a heat transfer model was used to predict the amount of fuel con-

sumption in the porous beds. Consistency between the predicted and experimental results confirmed that heat conduc-

tion is the controlling mechanism in the combustion behavior of liquid fuel-soaked porous beds.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Knowledge of the combustion behavior of liquid

fuel-soaked porous beds is crucial in the application of

combustion techniques in soil decontamination and in

the prevention of fire in liquid fuel-soaked beds. A num-

ber of studies on this subject have been performed [1–

13]. In these studies, many efforts focused on the spread

of flames over fuel-soaked porous beds [1–9]. Ishida

[1,3,8,9] studied the fundamental characteristics of the

spread of flames over fuel-soaked glass-bead bed. Exper-

imental results showed that the rate of the flame spread

over the ground was considerably slower than that over

the surface of a pool of liquid fuel. Takeno and Hirano
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[2,4] showed that the flame spread over a glass-bead bed

is related to the bead diameter and the viscosity of the

liquid fuel. Suzuki et al. [5–7] studied the effects of op-

posed airflows on the flame spread over fuel-soaked

sand beds. It was found that a reverse flow helps to sta-

bilize the diffusion flame and assists in the heat transfer

from the hot gas to the fuel-soaked beds. Among previ-

ous studies on fuel-soaked combustion, only a few stud-

ies [10–13] were carried out to understand combustion

behaviors, including the burning time, the moving speed

of the vapor in the porous bed, and the influence of the

depth of the porous bed on diffusion flame characteris-

tics. These aspects are of interest in practical fire preven-

tion because not all of the fuel can be consumed during

the combustion process and a significant amount of res-

idue may be left behind in some cases. The residue can

trigger another fire if it is not treated properly. Similarly,

information about these aspects, particularly fuel

consumption rates under different situations, is useful
ed.
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Nomenclature

h depth of the porous bed

Lv latent heat of evaporation

q heat flux

t time

Ta ambient temperature

Tc boiling point of liquid fuel

Tco temperature in the liquid–vapor coexisting

region

Tl temperature in the liquid-only region

yc interface between the liquid–vapor and the

liquid-only regions

yt interface between the vapor-only and the

liquid–vapor coexisting regions

Greek symbols

aco thermal diffusivity of the liquid–vapor co-

existing region

al thermal diffusivity of the liquid-only region

kco thermal conductivity of the liquid–vapor

coexisting region

kl thermal conductivity of the liquid-only

region

e porosity

ql density of the liquid fuel

Flame

Insulator
Multiplexer

Thermocouples

Electronic BalanceComputer (A-D Card Installed)

Fig. 1. Schematic diagram of the experimental apparatus.
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in the use of combustion techniques to clean soil. Takeu-

chi et al. [10] studied the effect of soil properties on the

burning characteristics of fuel-soaked porous beds using

glass beads saturated with liquid methanol. The con-

sumption rate of methanol and the temperature in the

porous bed were measured. Kong et al. [11,12] extended

Takeuchi et al.�s study [10] and used sand as the porous

bed soaked with liquid methanol to study the combus-

tion behavior in greater detail. Their work showed that

the bed depth and sand diameter affect the moving speed

of the vapor, the combustion duration time, the fuel

consumption and the amount of fuel residue in the

fuel-soaked sand bed.

Not much work has been done to understand the

influence of fuel properties on combustion behaviors in

different types of porous beds. Intuitively, volatility

and the boiling point of the liquid fuel should have

strong effects on the mass burning rate of the fuel held

by the porous media. The purpose of the present study

is to investigate in detail the effects of fuel properties

on the combustion behavior of liquid fuel-soaked por-

ous beds of different materials that exhibit vast differ-

ences in thermal properties and pore characteristics.

This study focuses on the non-spread diffusion flame

configuration such that some fundamental aspects of

combustion behavior can be explored.
2. Experimental

Laboratory-scale experiments were conducted. The

schematic view of the experimental set-up is shown in

Fig. 1.

An insulated stainless-steel cylindrical vessel with an

internal diameter of 85 mm, a height of 85 mm and a

wall thickness of 1 mm was used to hold the porous

material. All the external surfaces of the stainless-steel
vessel were enclosed with a 10 mm-thick Kaul wool

material to prevent heat loss. In our previous work

[11–13], the influences of the diameter of the porous

medium and the bed height on the burning characteris-

tics have been discussed. Sands with nine different dia-

meters in the range of 0.12–3.18 mm were used. The

results showed that the sand diameter and the height

of the porous bed have significant influences on the com-

bustion behaviors. When fuel is accidentally spilled onto

the porous ground, it is good to decontaminate the

ground by the combustion method if the diameter of

the porous medium is fine or if the saturation of the fuel

is shallow. The detailed effects of the size of the porous

material and the bed depth will not be discussed here

again. Only one size with mean diameter of 2.0 mm

and one bed depth of 80 mm were used in the present

experiments to investigate the effects of fuel properties

on the combustion behaviors of different types of porous

beds. Here, sand, steel beads and zeolite were used as the

porous materials due to their different thermal proper-

ties and pore characteristics. The thermophysical prop-

erties of the porous materials are listed in Table 1.



Table 1

Properties of liquid fuels and porous beds

Liquid fuels Chemical formula Flash point (�C) Boiling point (�C) Density (kg/m3)

(a)Liquid fuels

Methanol CH3OH 11 64.7 791

Ethanol C2H5OH 13 78 789

1-Propanol C3H7OH 15 97 804

2-Butanol C4H9OH 24 99 808

Pentanol C5H11OH 33 138 800

(b)Porous beds

Porous beds Density (kg/m3) Specific heat (J/kg K) Thermal conductivity (W/m K) Thermal diffusivity (m2/s)

Sand 2234 710 1.87 1.18 · 10�6

Steel Bead 7854 434 60.5 1.77 · 10�5

Zeolite 725 1040 0.2 2.65 · 10�7
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The porous volumes of the sand and steel bead beds

are formed mainly by packing the materials in the vessel.

However, zeolite exhibits extremely different porous

characteristics. Apart from the packed voids, there are

quite a lot of inner voids formed while binding the pow-

ders of crystalline zeolite into polycrystalline pellets.

During the experiments, the porous material was filled

into the stainless-steel vessel until the porous bed ap-

proached the desired height to guarantee the same con-

tainer lip height of 5 mm. The container lip affects the

flame characteristics in two ways. One is that the flame

first heats the lip and the wall transfers the heat by con-

duction to the porous medium and preheats the vapor.

The other is that the container lip leads to quenching

of the flame particularly during the extinguishing phase.

The same lip height was used to ensure that the effect of

the container lip on the combustion behavior was more

or less the same in each case.

The combustible liquids used in the experiments were

methanol, ethanol, 1-propanol, 2-butanol and pentanol.

The properties of these liquids are listed in Table 1. In

order to have perfect mixing of the liquid fuel inside

the porous beds, the liquid fuel was poured into the por-

ous bed until the liquid was just flush with the bed sur-

face. An electronic balance connected by RS232 to a

personal computer recorded the mass of the whole setup

automatically and continuously. The temperatures in the

porous bed were measured by an array of five K-type

thermocouples, all with a sheath diameter of 0.5 mm.

In order to obtain the axial temperature profiles during

combustion, all the thermocouples were embedded in

the vessel with their joint points located at the center

axis of the vessel at different locations, y = �2, �12,

�22, �32, and �52 mm, where y was the distance meas-

ured upward from the surface as shown in Fig. 1. In

order to minimize the ambient influence on the thermo-

couple reading, y = �2 mm was chosen to measure the

temperature of the location nearest the surface, where
the thermocouple was embedded just beneath the sur-

face and only a grain size space was chosen for the first

spacing. All the combustion experiments were carried

out under a quiescent environment with an ambient tem-

perature of about 24 �C and a relative humidity of about

64%. At the beginning of the experiments, ignition was

initiated by a pilot flame over the porous bed surface.

The experiments were stopped after the flame was extin-

guished naturally.
3. Results and discussion

3.1. Flame appearances

The ignition processes were not the same for different

liquid fuels. Flames spread immediately over the whole

bed surface after methanol, ethanol or 1-propanol was

ignited. Ignition of 2-butanol was immediate and hap-

pened in the position where the pilot flame appeared,

and after one second, the flame covered the whole con-

tainer surface. However, the ignition process of pentanol

was slow. The pilot ignition source was used for about

15 s to ignite pentanol, and 30 s later the flame covered

the whole container surface. These different ignition

processes can be explained by the flash points of the liq-

uid fuels. The flash point is the lowest temperature at

which a liquid can form an ignitable mixture in the air

near the surface of the liquid. The lower the flash point,

the easier it is to ignite the material. Table 1 shows that

the flash points of methanol, ethanol and 1-propanol are

respectively lower than the ambient temperature. There-

fore, sufficient fuel vapor is evaporated from the liquid

and the ignition is easy for methanol, ethanol and 1-pro-

panol. The flash point of 2-butanol is the same as the

ambient temperature. Once the pilot flame approaches

the fuel surface, ignition happens and then the flame

immediately heats the nearby fuel to evaporate enough
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vapor for combustion. The flash point of pentanol is 33

�C, which is higher than the ambient temperature. The

pilot flame will first heat the fuel to attain the flash point

and then ignite the fuel. The flame continues to heat the

nearby fuel to produce enough fuel vapor for the sub-

sequent combustion process. Therefore, the ignition

process of pentanol is slower compared to other fuels.

The flames of all the five liquid fuels flickered due to

the effect of gravity even in the quiescent environment.

The flickering frequencies were about 10 Hz. The flame

shapes were almost conical. The flame height for meth-

anol was about 150 mm, and the flame heights for etha-

nol, 1-propanol, 2-butanol and pentanol were about 200

mm. In each experiment, as combustion proceeded, the

flame height increased immediately to its maximum

height and then decreased gradually to approach the

bed surface and gradually flattened. As time went on,

part of the bed surface was not covered with the flame

anymore. The extinction first happened at the center of

the bed surface. Before extinction, there was only a weak

flattened blue flame flickering on the bed surface in a

shape of the ring. The appearance of the flame seemed

to be very similar among the five liquid fuels. In the

experiments, the wall of the vessel could transfer the

heat by conduction to the porous bed to preheat the

vapor. The external surface of the container was insu-

lated to prevent heat loss and the vapor could thus

transfer to the surface near the wall easily to sustain

the combustion. This is why the extinction first appeared

at the center of the vessel.

It was observed that the flame behavior was slightly

different in each porous bed. In the steel bead bed, the

combustion process was more vigorous than the proc-

esses in the sand and zeolite beds. The flame in the zeo-

lite bed behaved weakly after the ignition. This may be

explained by the different thermal diffusivities of the

three porous materials, which are listed in Table 1.

The thermal diffusivity of the steel bead bed was about

10 times greater than that of the sand bed, which was

about five times larger than that of the zeolite bed.

Materials with greater thermal diffusivity respond

quickly to changes in the thermal environment, while

materials with small thermal diffusivity respond more

sluggishly. In a liquid fuel-soaked porous bed, after igni-

tion, the liquid fuel is evaporated due to the heat transfer

from the flame to the porous bed. The combustion is

sustained by the evaporated fuel from the porous bed.

Thus quick thermal response of the porous bed can

evaporate more fuel to sustain the combustion process.

The liquid fuels exhibited different flame colors dur-

ing burning. The methanol flame was blue. As burning

continued, the blue was mixed with a bit of yellow.

The ethanol flame was blue after ignition. After about

3 s, the flame color changed from blue to bright yellow.

However, the color at the bottom of the flame near the

container lip was still blue. About 3 s after ignition of
1-propanol and 2-butanol flames, the whole flame color

changed from blue to bright yellow. The pentanol flame

did not cover the whole container surface in the initial

phase and the color of the upper portion of the flame

was yellow. After the flame developed over the whole

porous bed surface, the color became bright yellow. Soot

was seen at the flame tips of 2-butanol and pentanol. As

the combustion intensity weakened, the flame became

blue again in all cases. After the flame was extinguished

completely, the porous bed surface was covered with a

thin layer of carbon black when 2-butanol and pentanol

fuels were used. The color of the flame depends mainly

on the chemical and the transport features of the com-

bustion process. The chemical feature is closely related

to the oxygen supplements to the fuel. The blue color

implies that no soot is emitted from the flame. There

are two possibilities for this. Firstly, it is generally

agreed that soot is formed in diffusion flames over a lim-

ited range of temperature, i.e., 1300K < T < 600K

[14,15]. Therefore, at the beginning stage of combustion,

one possible reason of the appearance of the blue flame

is that the flame temperature may not be high enough to

trigger the soot formation. The second possibility is that

the combustion was completed due to the supply of oxy-

gen. Methanol molecules have one carbon atom. This

single carbon is easy to burn completely. Thus, the

methanol flame was mainly blue in our experiment. Yel-

low suggests that soot is formed in the flame. As com-

bustion proceeds, the combustion temperature is high

enough to exceed the threshold value of soot formation,

which results in the yellow flame. It is difficult to burn 2-

butanol and pentanol completely as there are additional

carbon atoms in the molecules. Therefore, after the

extinction, carbon black was found on the surface of

the porous bed when 2-butanol and pentanol fuels were

used.

3.2. Temperature distribution in the porous bed

Figs. 2–4 show the temperature profiles in the porous

beds soaked with methanol. All the temperatures in the

beds first increased rapidly, but the rate of increase slo-

wed down at around the boiling point, and then the tem-

perature increased rapidly again to attain the maximum

values. After that, the temperature decreased until spon-

taneous extinguishment. These temperature characteris-

tics were discussed in our previous papers [11–13]. The

temperature retardation occurring at the boiling points

of the liquid fuels is at the point of the liquid–vapor

coexistence. The abrupt increase of temperature indi-

cates the completion of the liquid fuel evaporation at

the location of the thermocouple. This suggests that

the region in which the temperature is higher than the

boiling point is a vapor region. The point at which there

is an abrupt increase of the temperature to the boiling

point signifies the lower boundary of the vapor region.
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Fig. 2. Temperature profiles in the sand bed soaked with methanol.
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Fig. 3. Temperature profiles in the steel bead bed soaked with methanol.
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Fig. 5 shows the temperature–time relationship of

methanol in the three porous beds at the location

y = �2 mm near the surface. The time corresponding

to the abrupt increase in temperature to the boiling

point was the shortest in the steel bead bed and was

the longest in the zeolite bed, i.e., the arrival at the lower

boundary of the vapor region in the steel bead bed was

the fastest and was the slowest in the zeolite bed. Com-

bustion near the surface of a liquid fuel-soaked porous

bed can be influenced by the supply rate of liquid fuel

from the porous bed, the heat loss from the bed surface

to the environment and the heat transferred to the inte-
rior of the porous bed in order to evaporate the liquid

fuel. As discussed in our previous papers [11–13], the

supply rate of the liquid fuel from the porous bed is

by capillary force, which is inversely proportional to

the diameter of the porous material. Sand and steel

beads have more simple porous structures. However, it

should be noted that the zeolite pellets used in the exper-

iments were made by binding crystalline zeolite power

into a polycrystalline pellet that contained many sub-

voids on the magnitude of 100�500 lm inside which

there were channels on the nano-scale. Therefore, inside

the zeolite bed, besides the pores caused by the packed
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Fig. 5. Temperature vs. time for methanol held by different porous beds at the nearest surface location of y = �2 mm.
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zeolite pellets, the sub-voids of smaller sizes inside the

zeolite pellets could hold more liquid fuel than could

the sand and steel bead beds. However, the fuels may

not easily leave the zeolite bed as they are held by much

stronger adsorption force even though a stronger capil-

lary force should exist for smaller sub-void sizes. The

heat transferred from the flame finally evaporates the

supplied liquid fuel. A porous material with larger ther-

mal diffusivity can have more heat transferred in a unit

time. Thermal diffusivities of the three porous materials

are listed in Table 1. During the combustion process,

heat loss from the surfaces of the three porous beds to

the environment depends on the surface temperature

and emissivity. The combustion process is a compli-

cated function of fuel supply from the soaked bed, heat
transfer from the flame to the fuel via the porous bed

through heat conduction and heat loss to the ambient

air. Fig. 5 suggests that the combustion mechanism in

the liquid fuel-soaked porous beds could be mainly

determined by heat conduction inside the porous bed.

Compared to the heat conduction mechanism, heat loss

from the bed surface and capillary force by the porous

materials seem to play less significant roles.

Similar temperature profiles were found for the other

tested liquid fuels in the three kinds of porous beds.

3.3. Propagation speed of the vapor

The temperature profiles at the different locations

show that the lower boundary of the vapor region
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moved downwards in the porous bed as combustion

proceeded. The speed of movement of the vapor region

inside the porous bed can be calculated from the dis-

tance between two consecutive thermocouples and the

time interval of the arrival of the lower boundary of

the vapor region at the two thermocouple locations.

Fig. 6 shows the propagation speed of the vapor region

in the sand bed for the different fuels. It is seen that the

propagation speed of the vapor inside the sand bed was

not constant. The maximum propagation speed for

pentanol was in the region from y = �2 to �12 mm,

while the maximum propagation speeds of the other

four fuels occurred in the region from y = �12 to �22

mm.

The porous bed material also affects the propagation

of the vapor. Fig. 7 shows the arrival of the lower

boundary of the vapor region in the three porous beds.

At the same location inside the bed, the arrival time in

the steel bead bed was the shortest.

As combustion continues, heat from the flame is

transferred by conduction to the interior of the porous

bed to evaporate the liquid fuel. Thus, Fig. 7 provides

further evidence that heat conduction in the porous

bed is the dominant factor affecting the combustion

behavior of the liquid fuel-soaked porous beds.

3.4. Combustion time

Table 2 summarizes the combustion duration time

for different fuels that saturated the three porous beds.

The combustion times of 1-propanol and 2-butanol were

longer than those of the other fuels. The fuels in the zeo-

lite beds were extinguished more rapidly than those in
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the sand and steel bead beds. Fig. 4 shows that the liquid

fuels at the y = �12 mm location could not reach the

boiling point in the zeolite bed. Thus, after ignition,

the flame reached the maximum temperature and then

extinguished rapidly. These experiments seem to suggest

that zeolite may be considered as thermal insulation and

can be used to extinguish pool fires.

3.5. Fuel consumption

Before the fuel was ignited, the weights of the liquid

fuel and the porous material in each experiment were

measured. It was found that the initial weight ratios of
3 4 5

Methanol
Ethanol
Propanol
Butanol
Pentanol

rent fuels (the value of the horizontal axis denotes the region of

from y = �2 to �12 mm, ‘‘2’’ denoted the region from y = �12



Table 2

Combustion time and consumption of the liquid fuels held by the porous beds

Porous beds Methanol Ethanol 1-Propanol 2-Butanol Pentanol

Sand Combustion time (s) 4550 7408 8110 7903 6182

Original fuel content (g) 175.5 173.6 176.0 193.9 148.5

Final fuel residue (%) 28.9 10.2 9.38 17.07 19.4

Steel bead Combustion time (s) 6956 8776 9895 10461 6162

Original fuel content (g) 163.5 164.3 167.0 168.8 104.3

Final fuel residue (%) 17.5 4.1 3.1 9 18.7

Zeolite Combustion time (s) 3770 3900 5100 5089 4800

Original fuel content (g) 249.6 262.2 284.0 263.0 246.3

Final fuel residue (%) 73.8 63.5 60.1 63.8 70
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the different liquid fuels to the porous material were al-

most the same for the same kind of porous material. The

weight ratios were 0.26, 0.071 and 0.56 for sand, steel

beads and zeolite, respectively, regardless of the type

of fuel. The fuel consumption (amount of fuel burned)

was recorded by an electronic balance connected to a

personal computer. Table 2 shows the amount of fuel

held by the porous beds prior to ignition and the fuel

consumption after combustion. It is seen that the zeolite

bed was initially soaked with more fuel than the sand

and steel bead beds. Due to the weak combustion behav-

ior in the zeolite bed, after combustion, the ratio of the

final fuel residue was far higher than the ratios of the

sand and the steel bead beds. About 60�70% fuel was

left un-burned in the zeolite bed.
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Fig. 8 shows the fuel consumptions of the different

liquid fuels held by the sand bed. It is seen that the

fuel consumption gradually decreased with an increase

in the flash point of the liquid fuel. The fuel consump-

tion profiles of the other porous beds showed similar

patterns.
4. A simple heat transfer model of fuel-soaked combustion

In a liquid fuel-soaked porous bed, the liquid fuel is

evaporated due to heat transfer from the flame to the

porous bed. The vapor of the liquid fuel diffuses out

and reacts with the ambient air, which results in a diffu-

sion flame over the porous bed. In order to account for

the aforementioned experimental results, theoretical

analysis based on a simple heat transfer model was con-

ducted. The objective of the analysis was to verify that

heat conduction is the controlling mechanism of the

combustion behavior in the liquid fuel-soaked porous

bed. Also, the heat transfer model was adopted to pre-

dict the fuel consumption during the combustion

process.

Our experimental results suggest that heat conduc-

tion is the controlling mechanism of the combustion

behavior in a liquid fuel-soaked porous bed. The fuel

in the porous bed can be divided into two distinct zones.

The upper zone is the liquid–vapor coexisting zone, and

the lower region is a liquid zone as shown in Fig. 9.

Assuming that heat conduction is the controlling mech-

anism, the governing equations for the upper region and

the lower region are given by

oT
ot

¼ a
o2T
oy2

; where a ¼
aco; yt 6 y6 yc
al; yc 6 y6 h

�
ð1Þ

kl
oT l

oy

����
yþc

� kco
oT co

oy

����
y�c

¼ eqlLv

dyc
dt

; ð2Þ

T ðycðtÞ; tÞ ¼ T c; ð3Þ
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Fig. 9. Schematic diagram of the various zones in fuel soaked

combustion.
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where yt is the interface between the vapor region and

the liquid–vapor coexisting regions and yc is the inter-

face between the liquid–vapor and the liquid region.

The boundary condition on the top surface (y = yt) is

kco
oT co

oy

����
y¼yt

¼ �q; ð4Þ

where q is the ignition energy at the beginning of com-

bustion and the heat flux feedback to the surface as

the combustion proceeds; it is a variable parameter

changing with time. In this paper, we follow [16] and

take q to be constant for simplicity.

The boundary condition at the bottom of the porous

bed (y = h) is

oT l

oy

����
y¼h

¼ 0: ð5Þ
Fig. 10. Comparison of the predicted consumption of met
The initial conditions are:

T ðy; 0Þ ¼ T a; ð6Þ

ycð0Þ ¼ ytð0Þ ¼ 0: ð7Þ

By using the heat-balance integral method [17], Eqs. (1)–

(3) can be simplified to a pair of ordinary differential

equations (ODEs). In this approach, the quadratic tem-

perature profiles satisfying the boundary conditions in

each zone are assumed.

In the upper zone, i.e., the liquid–vapor coexisting re-

gion, the temperature profile is assumed to be:

T ¼ T s �
q
kco

ðy � ytÞ þ
q� q�

2kcoðyc � ytÞ
ðy � ytÞ

2
; ð8Þ

where Ts is the temperature at the surface y = yt and q* is

the heat flux just above y = yc.

In the lower zone, i.e., the liquid zone, the tempera-

ture distribution is assumed to be:

T ¼ T c � 2ðT c � T aÞ
y � yc
D

þ ðT c � T aÞ
y � yc
D

� �2

; ð9Þ

where D is the thermal penetration depth defined by the

condition that at y = yc + D, T = Ta and oT/oy = 0.

Basing on the assumed temperature profiles, the final

equations of the ODEs are presented as:

eqlLv

dyc
dt

¼ q� � 2kl
T c � T a

D
ð10Þ

1

3

dD
dt

þ dyc
dt

¼ 2al
D

: ð11Þ
hanol in the sand beds with the experimental results.
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By solving the ODEs, the fuel consumption in the por-

ous beds can be calculated. It is seen that the predicted

fuel consumption is quantitatively consistent with the

experimental results. The fuel consumption of methanol

in the sand bed is presented in Fig. 10. The used para-

meter values for methanol are kl = 0.195W/m K, Tc =

337.5K, Ta = 298K, Lv = 1.099MJ/kg, al = aco = 1.04 ·
10�7 m2/s, and q = 35kW/m2 [16]. The porosity of the

sand bed is e = 0.46 [6]. The consistency between the

calculated and experimental results shows that heat con-

duction is the controlling mechanism of the combustion

behavior in a liquid fuel-soaked porous bed and the

above heat transfer model can be used to predict the

amount of fuel consumption in the porous bed.
5. Conclusions

This study described the combustion behaviors of

various types of porous beds soaked with different liquid

fuels. From the experimental results, it is seen that the

combustion processes follow similar patterns. After igni-

tion, flames spread immediately over the whole bed sur-

face, the flame height gradually reached to its maximum

value, and then the flame extinguished itself. For the dif-

ferent porous beds, the combustion time, temperature

profiles and fuel residue in the beds were dissimilar.

Although the original amount of liquid fuels soaked in

the zeolite beds was more than that in other beds (the

sand and steel bead beds), the combustion time was

shorter than the fuels burned in other beds due to its

low thermal diffusivity and perhaps also due to the

adsorption force holding the fuels in the sub-voids that

do not exist in sand and steel beads. Zeolite seems to

be a good thermal insulator and can be used as an extin-

guishing agent to quench liquid pool fires. The experi-

mental results also show that for the liquid fuels

soaked in porous beds of high thermal diffusivity, it is

preferable to use combustion to decontaminate the beds.

According to the theoretical analysis of the combustion

behavior in the fuel-soaked porous beds based on a sim-

plified heat transfer model, the presented heat transfer

model can be used to predict the amount of fuel con-

sumption in the porous beds. The good consistency be-

tween the predicted results and the experimental

results showed that heat conduction is the dominant

mechanism controlling combustion in the fuel-soaked

porous beds.
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