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Liquid fuel combustion apparatus.

6) A wick assembly for a liquid fuel combustion ap-
paratus is structured by laminating a main wick and an
auxiliary wick, and sandwiching a separator of an oil-
impermeable material therebetween. By being so struc-
tured, the main wick can be made being hardly deterio-
rated in terms of its calorific value. A material having
a large oil containing ability can be selected for the main
wick, and distance between the oil level and top of wick
can be made shorter. Fire-spreading time of the wick
assembly after a lapse of long service period is still as
short as that at the beginning of the service, and gene-
ration of an objectional odor and carbon monooxide at
the time of ignition can be supressed small constantly.
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Title of the Invention

. 0042171

Liquid Fuel Combustion Apparatus

Background of the Invention

1. PField of the Invention:

The present invention generally relates to a
liquid fuel combustion apparatus. Particularly, it is
concerned with a wick assembly for combusting liquid
fuel in such an apparatus.

2. Prior Art:

s e e e T o

A liquid fuel combustion apparatus of a type

called ™wick type" has hitherto been
widely embodied as an oil stove, an o0il burner and the
like. Such an apparatus is usually designed to suction
?he liquid fuel by capillary action of the wick to 1ift
it up to a top of the wick (i.e. a fuel vaporization
part), the surface of which is exposed to an atmosphere
of a combustion chamber in the apparatus, wherein the
lifted fuel vaporizes to be burnt. ‘

In such kind of the liquid fuel combustion
apparatus, since its fuel vaporization part is always
exposed to the high temperature atmosphere containing
oxygen, a phencmena, is likely to occur that a part of
the fuei contained in the fuel vaporization part becomes
a tar-like substance by being oxidized and polymerized

to be piled up in the fuel vaporization part.‘
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" Particularly, the forma;ion and piling-up of said tar-
like substance becomes remarkable, if the fuel contains
a small amount of high boiling point fractions (for
instance, machine 0il, light or salad oil is mixed with
kerosene), and if part of the fuel is deteriorated (for
instance, the kerosene has been caused to contain oxides,
peroxides or resinous components as a result of preserving
the kerosene at a high temperature or being exposed to
the direct daylight for a long period of time).

When the tar-like substance is piled up in
the fuel vaporization part, the surface of that part or
the capillary tube inside thereof is choked with the
substance to obstruct the suctioning and vaporization of
the fuel. ﬁue to this phenomena, the vaporization of
the fuel is abnormally decreased, to make an aif to fuel
ratio in the combustion chamber go wrong and to invite an
inconvenience of generating .a large amount of carbon dust or soot
and noxious carbon monoxide. Moreover, this phenomena
of piling up the tar-like substance hinders a rapid
rise-up of the temperature of the vaporization part and
a rapid increase in the amount of vaporization at startf
up time. Thus, it.takes the apparatus a rémarkably long
period of time before reaching to a steady-state combus-
tion and the phenomena increases the undesirable genera-

tions of an objectionable odor, carbon dust and carbon
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monoxide due to an increased unstable transient-state
combustion. In addition, the tar-like substance might
stick to both of the wick and a metal part of the
apparétus supporting the wick to cause them adhered or
fixed together, to make the mechanical movement of the
wick relative to the metal guiding pipe impossible

- and to invite a dangerous state, wherein the turn-off

of the apparatus by léwering the wick is made impossible
due to such sticking.

As one of the method for solving the above-
mentioned problems, it has hitherto been known to be
effective to increase the 0il retaining ability of the
wick top. o

The method can be embodied by the following
measure of; | 7

1) shortening the distance between the 0il

level and the top of the wick,

2) increasing the thickness of the top, and

3) employing a substance having an oil

retaining ability as large as possible for
the material of the main wick. |

By taking the abovementioned measure, the
deterioration of the fuel vaporization part can pe made
hardly to occur even if the deteriorated kerosene or the

kerosene containing a different kind of componént is
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combusted. In such caées of increasing the o0il content
in the wick top, the tar-like component generates at
the outside of the wick rather than the inside of the
wick. As a result, the fuel-suctioning by the main wick
is effectively prevented from being made insufficient.
However, when the tar-like substance is formed
at the outside of the wick, a fire-spreading time at the
start-up of the apparatus is made longer, because the
formed tar-like substance makes the heat content of
the wick top large. If the fire-spreading time is
made.longer in such way, the objectionable odor at the
time of start-up increases and the carbon dust increases
accordingly. Therefore, unless the fire-spreading time
is shortened, the disadvantages cannot be overcome.

Summary of the Invention

It is therefore the primary object of the
present invention to provide a liquid fuel combustion
apparatus capable of shortening the fire-spread time at
the start up of the apparatus.

It is another object of the present invention
to provide a liquid fuel combustion apparatus capable
of suppressing an objectionable odor and carbon dust
to occur. .

According to the present invention there is

provided a liquid fuel combustion apparatus which
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comprises; a wick assembly of a laminated structure of

a main wick, and an auxiliary wick for fire-spreading

and at least one separator means sandwiched between

said main wick and said auxiliary wick so that it at

least partly separates the main wick from the auxiliary

wick to prevent permeation of the fuel therethrough.

Said auxiliary wick for fire spreading may be
disposed at one side of the said main wick or sandwiched
between bifurcated upper leaves of the main wick. The
top of the auxiliary wick may preferably be projected
upwards from that of the main wick and the bottom
thereof may preferably‘the lifted up from an oil level
during a steady-state combustion.

The thickness of auxiliary wick for fire-
spreading may preferably be smaller than that of the main
wick and its fuel-suctioning rate may preferably be -
smaller than that of the main wick.

Brief Explanation of the Drawings

FIG. 1 is a cross sectional view of a liquid-
fuel combustion apparatus as an embodiment of the
present invention,

Fig. 2 is a partial enlarged cross-sectional
view of a wick assembly used in the embodiment of the
present invention,

FIG. 3 is a partial enlarged cross-sectional



0042171

views of a wick assembi& used in another embodiment of
the present invention,

FIGs. 4 and 5 are partial enlarged cross—
sectional views of the wick assembly as shown in FIG.
3 combined with associated components and parts,
indicating positional relation therebetween, wherein

FIG. 4 represents a condition at ignition
and steady-state combusfion and FIG. 5 represents a
condition of extinguish operation, and

FIGs. 6(a) to 6(e) are cross-sectional views
of various wicks embodying the present invention as
contrasted to those of prior art. -

Description of the Preferred Embodiments

In therfollowing déscription, the present
invention will be elucidated in more detail by referring
to the preferred embodiments shown in the attached
drawings.

FIG. 1 is a general cross-sectional view
of a liquid fuel combustion apparatus embodying the
present invention. In FIG. 1, components designated by
numerals 100, 101, 102 and 103 represent a wick assembly
constituting the essential components ofrthe present
invention, wherein a main wick 100, serves for suction-
ing liquid. The main wick 100 may be made of a combus-

tible or noninflammable fabric woven or unwoven (held



. 0042171
- ?} - -
in shape with a binding agent), and its top forms a fuel
combusting part 101. Numeral 102 indicates an auxiliary
wick disposed outside of the main wick 100, 101, for
facilitating the fire-spreading around top thereof.
Numeral 2 is a wick support, 3 represents a
fuel tank or reservoir, 4 is a draft pipe which also
serves to vertically guide sliding of the wick assembly
100 - 103 there along, numeral 5 indicates a wick control
‘unit, i.e., a means for vertically driving the wick
assembly, 6 is a wick guide unit, 7 is a radiation
grill, 8 indicates an inside tube, 9 is a casing, 10 is
chimney support, 11 represents a coil, and 12 a radiation net.
FIG. 2 is a partial enlarged cross-sectional

view of a wick assembly embodying the present invention.
The auxiliary wick 102 is put between two leaves of

bifurcated main wick 101, and may be made of a noninflammable fabric,
woven or wwoven, and is designed to be thimner than, of less oil-
containing ability and more heat-resistant, namely, resistant to buin~
off, than the main wick 101. The bottams of the two leaves of the
main wiék 101 are connected to the upper end of a flexible lower part
101" having a large oil-containing ability.

The top of this auxiliary wick 102 projects
upwards from that of the main wick 101, and its length
may preferably be at least 50 mm. Although it aepends
on the oil containing ability and the fuel suctioning

_rate of the auxiliary wick 102, the bottom may be at
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a position so selected that the top thereof is always burnt-off
during the steady—state of cambustion. For example, the bottom of
the auxiliary wick 102 of FIG. 2 is disposed with a gap to the upper
end of the lower part 101°'.

Numeral 103 indicates separators sandwiched
between bifurcating leaves of the main wick 101 and the
auxiliary 102, and is made of a material which is imﬁerme-
able to the fuel and heat-résistant to an extent, such as
aluminum foil. The top of the separator(s) 103 is in a
region of the fuel vaporization part 104 and its bottom
extends downwards at least 5eneath that of thé auxiliary
wick 102.

FIG. 3 shows another embddiment.of the present
invention ﬁhérein the auxiliary wick 102 for fire-spreading
is pdovided oufside the main wick 101. The auxiliary
wick 102 may alternatively be provided inside the main
wick 101.

In the liquid fuel combustion wick assemblies
of the abovemehtioned drawings, the main wick 101 is at
least partly separated from the auxiliary wick 102 by a
fuel-impermeable material, and the fuel for the steady-
state combustion is suctioned by and ascends through
the main wick 101 while the fuel, used in the fire-
spreading at the time of ignition, is suctioned solely
by the auxiliary wick 102 for the firé-spreading. As

a result of such an arrangement, the auxiliary wick
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for the fire-spreading can be so designed that its top is
always burnt-off during the steady-state combustion to
prevent the formation of the tar-like substance which
would otherwise be produced at the top.

Accordingly, the material and thickness of
the auxiliary wick 102 can be selected so that it may
have a fuel suctioning rate and an oil-containing ability
most suited for a condition of improving the fire-
spreading at the time of ignition, without regard to
the fuel-suctioning rate and the oil-containing ability
of the main wick 101.

On the other hand, the material and thickness
of the main wick can be selected from ones of the quality
and structure having a high fuel-suctioning rate and
a large oil-containing ability with a view to prevent
the lowering of the fule-combusting amount due to the
formation of the tar-like substance, without regard to
the fire-spreading.

Since each of the wicks performs separate
functions as illustrated above, the fire-spreading can
be reached to within a short period of time even in
the cases wherein the distance from the o0il level to the
top of the wick is short and the tar-like substance,
which has a nature of inviting the decreéase in the amount

of the combustion, is piled up at the fuel-combustion



part of the main wick in large quantity.
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The abovementioned concept has been confirmed by

an experiment conducted for comparing the performances of

the wicks of the embodiments of the present inventicn with

that of conventional ones of glass fibre having tapered

tops which had hitherto been widely used, whose results are

summarized in Table 1 below.

0il stove having a wick diameter of 85 mm is used as the

In the experiment, a portable

combustion apparatus fof the fire-spreading test, and a mixed

fuel composed of kerosene 50% and light oil 50% is burnt.

Table 1
Wick assarnbly Distance Fire—spread time (sec)
— between 1
No. Materials Tthe oil jafter lafter jafter
level using jusing }jusing
of of of Structurejand the jfor: for: for:
main { Auxil—-| Separa— top of 0 hr { 20 hrs{100 hrs
wick liary jtor wick
. wick (ram)
1 ]Jclass fibre - - Conven— 20 5 25 120
tional
2] - - o 135 4 15 90
3 |ceramic fibrdlsilida| - laminated| 135 4 5 20
(A1203, 52%) jcloth
(Sioz, 48%)
" " " Aluminum{Fig. 2 90 4 4 4
foil
5 ”n " " n n 1 135 4 4 4
61 u " " Fig. 3 o | 4 4 4
Note: * Ceramic fibre: Sheets of several/unxfilaments of the

mixed metal oxides, prepared by paper milling method. -

** Silica cloth: Sheet of SiO2 mono-filaments or staples,

woven or wWwoven.
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As indicated in Table 1, the previously mentioned
conventional glass fibre wick of tapered top (Nos. 1 and 2)
shows a fast fire-spreading at first but this fire-spread-
ing rapidly tends to slow down in a short period of use
due to the pile-up of the tar-like substance on its top.

A use of an auxiliary wick 102 of thin silica
cloth, which has a small oil containing ability and a
small fuel suctioning rate but is heat resistant and
durable to burning-off, laminated with the main wick to
form a wick assembly No. 3 as listed in Table 1, will
reduce the piling-up of the tar-like substance around
the top of the auxiliary wick 102 to some extent as
compared with that of the glass fibre wick, The piling-
up of the tar-like substance will however increase ‘
gradually with the lapse Pf period of use and slows the
fire-spreading, dug.to shifting of the suctioned fuel
from the main wick 101 to the auxiliary wick 102 during the
combustion. |

In contrést to this, if a separator 103 of
oil-impermeable material such as aluminum foil is sand-
wiched between the main wick 101 and the auxiliary wick
102 of Nos. 4, 5 and 6 of table and shown in FIGs. 2
and 3, the top of the auxiliary wick 102 is always kept
tnder a condition cof being burnt-off to prevent the

piling-up of the tar-like substance. 3By the above
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burning-off the initial speed of the fire-spreading is
effectively maintained, regardless of the time period
of use and the distance from the oil-level to the top
of the wick, even in the case wherein a large quantity
of the tar-like substance is piled~up on the fuel
vaporization part 104 of the main wick 101.

In the previously described arrangement of
the wick assemblies shown in FIGs. 2 and 3-at least part
of the fuel o0il is still evaporating from the auxiliary
wick 102 for.the fire-spreading during the steady-state
combustion. In that state, the main wick 101 is, how-
ever, embodied to have a large oil-containing ability -
and to be able to hardly form the tar-like substance.

Althouéh at the top of the auxiliary wick 102
for the fire-spreading the tar-like substance is hardly
formed because the latter is made thin and has a small
oil—containiﬁg ability, the tar-like substance is yet
likely to be formed in the lower portion of the auxiliary
wick 102. If this is the case, the evaporation of the
fuel from the auxiliary wick for the fire-spreading
becomes small to lead a decrease in the amount of fuel
combustion to that extent. The percentage of this
decrease is, however, very small as compared with that
of the conventional structure.

Even in the arrangenent of the wick assembly
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having the auxiliary wick 102 of the aforementioned
structure, if a kerosene containing small amount of high
boiling point fraction or oil of foreign kind, which is
essentially very hard to be vaporized at a temperature
to vaporize the kerosene, is combusted, then the fire-
spreading is still unacceptably slow to lead a self
extinguish phenomena (fire is going out).

In order to solve these problems, it is
desirable to embody the wick assembly, so that the bottom
of the auxiliary wick 102 is below the o0il level at the
extinguishing operation but positions above the o0il level
during the combustion in the arrangement essentially the
samne as described above.

By so embodying, the auxiliary wick 102
contains o0il only at the time of igniting and is always
in the condition of burnt-off during the steady—state
of combustion, and hence no decrease occurs in ther
amount of the combustion, and no defective ignition
attributable to.the auxiliary wick 102 occurs.

In the following paragraph, the arrangement
will be elucidated in mcre detail_by referring to the
attached drawings.

In PIGs. 4 and 5, a main wick 101 made of
combustible or noninflammable fabric is held in its

shape by weaving or by adhéfing with a binding agent,
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and comprises a fuel-varorization part 104 being above

a top of a wick-supporter 2 (a metal pipe) and a fuel-
suctioning part 100 being beneath the top of the wick-
supporter 2. The main wick 101 is made of a material
having a large fuel-containing ability and a high fuel-
suctioning rate, in order to suppress the decrease in

the amount of the fuel combustion.

An auxiliary wick 102 for fire-spreading is
nade of noninflammable fabric woven or held in its shape
wwoven, having an o0il containing ability just sufficient
for shifting the fire to the main wick 101 after the fire-
spreading is completed and being of a heat-resistant
durable to the burning-off. It is more effective for
the purpose if the fuel-suctioning rate of the auxiliary
wick 102 is made smaller than that of the main wick 101.
Furthermore, the top of the auxiliary wick 102 projects
upwards from that of the main wick 101 and its bottom
is designed to be 1lift up at least 10 mm above the oil
level 13 during the steady-state of the combustion
(FIG. 4). A separator 103 sandwiched between the main
wick 101 and the auxiliary wick 102 is made of a material
impermeable to the fuel and heat-resistant to some
extent such as aluminum foil, and the top thereof extends

at least above the top of the main wick 101 and its bottom

extends downwards beneath the bottom of the auxiliary
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wick 102.

FIGs. 4 and 5 show the situation wherein the
wick assembly shown by FIG. 3 is installed in a practical
combustion apparatus, and FIG. 4 indicates a mode of the
steady-state combustion and FIG. 5 indicates an extinguish-
ing ( rning off) mode. As illustrated in FIG. 4, since
the bottom of the auxiliary wick 102 is lifted up from
the 0il level 13 during the steady-state combustion,
no fuel is suctioned by the auxiliary wick 102, and the
auxiliary wick 102 is caused to be scaked in the oil %o
be impregnated with oil only in the.extinguishing mode.

In the above indicated embodiment, since the
main wick 101 is separated from the auxiliary wick 102
by the oil-impermeable separator 103, the fuel to be
vaporized is suctioned through the main wick 101 whereas
that of an amount as much as necessarily for the fire-
spreading is suctioned through the auxiliary wick 102
and suppliéd‘to its top.

By adopting the abovementioned configuration,
a material and structure having a large oil-containing
ébility and a high fuel-suctioning rate can be selected
as that for the main wick 101 in order to suppress the
decrease in the amount of combustion, without taking
any regard of the fire-spreading. On the other hand,

as the material of the auxiliary wick 102 and as its top
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thickness, it is possible to select those having an o0il-
containing ability just sufficient for maintaining the

fire during its spreading around the top of the auxiliary

wick 102 and to transfer the fire to the main wick, and

being in a state of completely burnt-off in the steady-

state combustion and free from the piling-up of -the

tar-like substance can be selected.

Next, an experiment is conducted in order to
compare the wicks (FIGs. 6(c), 6(d) and 6(e)) of the
embodiment of the present invention with the conven-
tional wicks (FIGs. 6(a) and 6(b)) of glass fibre having
thinned top, and its results are summarized in Table 2
below. In the experiment, a portable o0il stove having
a wick diametef of 85 mm is used as the combustion
apparatus for the test, wherein the performance of the
wicks in terms of fire-spreading time, fire-taking and
calorifid value-maintaining characteristics are measured
. with kerosene containing 0.05% of salad oil which is
intentionally mixed into the fuel in‘order to make it
liable to produce the tar-like substance during the ﬁest.
The distance from the oil-level to the top of the wick is
90 mm and the initial calorific value of the apparatus
is set at approximately 2100 kcal. | '

The relationship between, the tested wick

assemblies of the embodiments and the comparative wicks,
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and the oil level is sﬁown in FIG. 6, wherein numeral
101 indicates the main wick, 102 is the auxiliary wick
for the fire-spreading and 103 indicates the separator
103. The oil level during the steady-state combustion
is represented by 13b, and fhat at the extinguish,

when +..e wick is lowered, is represented by 13a.
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In Table 2 above, it is shown that the wick
FNo. 7 of the compared devices has a good fire-spreading
time as short as 4 seconds, during 20 hrs. of serviée
from the beginning of the test, but the fire partly
goes out at about 20 hrs. from the beginning and totally
fails o ignite the wick by 30 hrs. after the beginning.
This phenomenon is attributable to the fact that, although
the fire-spreading at the top of the wick 101 is improved
by thinning the top portion, the tar-like substance is
piled up on a thick portion of the wick in a short period
of service. Furthermore, since the top of wick is thin,
a detérioration in the calorific value is great and an
objectionable odor becomes strong when the deterioration
exceeds 30%.

On the other hand, since the wick No. 8 of the
éomparative devices has a large oil-containing ability
even at its top, its deterioration in the calorific value
is small as compared with the wick No. 7, but its fire-
spreading time rapidly becomes long. This is also due
to the piling-up of tar-like substance at the top of
the wick 101 and when the fire-spreading time becomes as
long as 20 - 50 sec., the carbon dust and the objection-—
able odor are generated in a large quantity at the time
of fire-setting.

Since the auxiliary wick 102 for fire-spreading
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is separated from the main wick 101 by the separator

103 in the structure shown in No. 9 of the embodiments,
very good results in both respect of thé calorific

value and the fire-spreading time are obtained with this
wick assembly as compared with the wicks No. 7 and No. 8
~ of the comparative devices, by virtue of the selective
uses of material having a large oil-containing ability
for the main wick 101 and that having a thin top for the
auxiliary wick 102.

The wick assembly of this structure preseats
only scarce problems e#en in the test performed by
using kerosene containing components having a slightly
larger molecular weight such as light o0il as shown by
the wicks 3 - 6 listed in Table 1. However, the fire-
spreading time with the lapse of the service time when
Vit is tested becomes long when using kerosene containing
a component like salad o0il which is the most hardly
vaporizable. The wicks shown as Nos. 10 - 13 of the
embodiments in Table 2 are embodied so that the bottom
of the auxiliary wick 102 is lifted up from the oil
level in the steady-state combustion, and therefore
they do not produce any tar-like substance which would
otherwise be piled up on the auxiliary wick. They
always show a good fire-spreading time as short as in
the beginning of the service and produce no objectional

odor and carbon dust at the time of ignition.
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What is Claimed is:

1. A liquid fuel combustion apparatus which
comprises: a wick assembly of a laminated structure
having

a main wick,

an-auxiliary wick for fire-spreading andr

at least one separator means sandwiched between
said main wick and said auxiliary wick at ieast partly
to separates the main wick from the auxiliary wick for
preventing permeation of fuel therethrough.
2. A liquid fuel combustion apparatus as claimed
in claim 1, wherein a bottom of said auxiliary wick is
disposed at a position with respect to surface of the
0il which is to be lifted up from said o0il surface
during a steady-state combustion.
3. A liquid fuel combustion apparatus as claimed
in claim 1 or 2, wherein said auxiliary wick for fire-
spreading is disposed at one side of said main wick.
4. A liguid fuel combustion apparatus as claimed in any. one of
claims 1 to 3 , wherein main wick is bifurcated upwards
forming bifurcated leaves and said auxiliary wick for
fire-spreading is put between said bifurcated leaves
of the main wick.
D A liquid fuel combustion apparatus as claimed in any one of

claims 1 to 4 ; wherein the thickness of said auxiliary
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wick for fire-spreading ‘is smaller than that of said main

wick.
6. A liquid fuel combustion apparatus as claimed in any one of
claims 1 to'5 , wherein the fuel suctioning rate of

said auxiliary wick for fire-spreading is smaller than

that of said main wick.

7. A liquid fuel combustion apparatus as claimed in any'one of
claims 1 to 6 -, wherein the top of said auxiliary wick

for fire-spreading is projected upwards from that of

the main wick.
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