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[571 ABSTRACT

The distribution-pressurized natural gas is supplied via a
conduit arranged in the piston of an electrovalve in a nozzle
of which the outlet leads to a cone which provides, with the
nozzle, a ring-shaped opening which, connected to the
atmosphere. acts as a secondary nozzle for injecting air into
the gas flow. The cone is followed by a cylindrical element
then by an abrupt widening section which opens into a heat
exchanger which is in contact with a substrate impregnated
with a catalytic material which oxidizes fuel gas. A small
amount of air is sucked up by the widening and mixed with
the gas. This mixture is then treated in the exchanger up to
the transformation temperature of the sulphur-containing
compound and the sulphur is then oxidized.

6 Claims, 2 Drawing Sheets
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1
METHOD FOR SUPPLYING NATURAL GAS
TO A CATALYTIC BURNER AND DEVICE
FOR IMPLEMENTING SAID METHOD

This is a continuation of application Ser. No. 07/651.398.
filed on Jul. 24, 1992.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for supplying
natural gas to a catalytic burner containing a sulfur com-
pound in the form of an additive, and to a device for
implementing said method.

2. Description of the Related Art

Since certain natural gases are practically odorless, there
is a law requiring that an additive be incorporated in them to
make them detectable by odor. Such additives are generally
sulfur compounds. such as tetrahydrothiophene (THT). In
the conventional flame burners the heat causes the decom-
position of the compound and the sulfur is oxidized. Since
the combustion temperature in a catalytic burner, being
between 350° C. and 700° C.. is much lower than in a
conventional burner, the oxidation of the sulphur in certain,
less hot zones of the catalyzer may be incomplete and it has
been noted that sulfur contamination of the catalyzer occurs
in these zones, rendering the catalyzer inoperative. The
contaminated zone spreads from there and the catalyzer
quickly becomes unusable. For this reason the catalytic
burners operating with distribution systems for natural gas.
to which odorous compounds of the THT type have been
added, encounter serious sulfur contamination problems.

There are numerous applications where a catalytic burner
has advantages in comparison to other types of combustion,
provided that it does not form noxious gases. such as CO or
NO.,. thus allowing for a reduction in atmospheric poliution,
since heating constitutes an important factor in regard to this
pollution. The absence of noxious gases in the combustion
gases produced by catalytic burning allows direct use of
these gases for the heating of premises. Clearly. these
advantages lie in the protection of the enviromment and
imply an important energy savings.

It has already been proposed in Japanese JP-A-61-295408
to reduce the noxious effects of sulfur on the catalytic metal
and to prolong the service life of the combustion catalyzer
by means of a first catalyzer constituting a mixture of an
oxidation and de-sulfurization catalyst on a carrier consist-
ing of a porous ceramic fiber assembly. and a second
catalyzer constituted only by the oxidation catalyzer. This
process requires two catalyzers, which considerably
increases the cost of this apparatus.

Japanese JP-A-60-54903 also relates to the removal of an
odorous, sulfur-based agent. comprising a de-sulfurization
catalyzer and a reforming catalyzer.

German DE-A-2720866 relates to a catalyzer for elimi-
nating noxious substances from exhaust gases. These are
pre-heated below the combustion temperature by being
bubbled through an oil bath, above which a catalyzer struc-
turally similar to a fabric is located. The catalyzer heats the
fabric by radiation in such a way that the exhaust gases are
additionally heated by 10° C. to 20° C. more when moving
through the fabric and are at combustion temperature when
reaching the catalyzer. Thanks to this method the contami-
nation of the catalyzer by sulfur compounds is surprisingly
avoided.

SUMMARY OF THE INVENTION .

It can be seen that although this problem has already been
approached. the proposed solutions are either based on the
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2

use of two catalyzers, considerably increasing the cost of the
apparatus, or they are not suited to the problem of
de-sulfurization of a combustion gas.

The purpose of the present invention is to provide a
solution allowing the resolution of this problem in a simple.
inexpensive and efficient manner.

To this end, the object of the invention is a method for
oxidizing a sulfur compound contained in a natural gas in the
form of an additive before burning the gas in a catalytic
burner. It is a further object of the present invention to
provide a device for implementing this method.

The advantages of the proposed method are important to
the extent that the efficiency of the method and the device for
implementing it have been demonstrated in the course of
long-term testing. which has not disclosed any contamina-
tion of the catalyzers used in the burners. The device
required for implementing the method is simple and cheap
to manufacture. The fact that it does not contain any moving
pieces, nor require maintenance or control therefore does not
drive up the particular cost of operation. The use of very
small amounts of air which, depending on the proportion of
suifur to be oxidized, have been added to the natural gas
distribution system in amounts of 10 to 15 ppm, practically
does not change the combustion characteristics. Finally.
since the output of energy necessary for heating the gas and
air mixture is very small, heating is performed by the burner
itself. In effect. measurements show that the temperature in
the interior of the catalytic materials remains almost con-
stant and above the thermo-chemical decomposition tem-
perature of the sulfur-containing molecules, which is the
temperature at the outer surface of the catalytic materials.

The fact remains that the realization of this process poses
a multitude of problems and that the device for putting it into
action is far from being obvious to realize. It is actually
necessary to move amounts of air, which are also as small as
possible. by means of the natural gas, the density of which
is less than that of the air and where its feed pressure and
therefore its speed are very low. Actually, this pressure in the
distribution systems of natural gas generally is about 2.3
kPa, so that it is necessary to operate an injector device and
to mix the fluids of natural gas and air, based on the diameter
of the nozzle, at very low Reynolds numbers, less than
10.000. At the same time. the realization of this process is
further complicated by the fact that, while concurrently
addressing the above-mentioned multitude of problems, the
device must operate at 30% of the nominal output of natural
gas passing through nozzle BG. Actually all modifications of
the cross sections of flow will require a control system, will
increase the cost of the apparatus to an unacceptable degree
and will decrease its efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

The attached drawings show schematically and by way of
example an embodiment of the device for implementing the
method in accordance with the present invention.

FIG. 1 is a schematic sectional view of the device.

FIG. 2 is a diagram of the pressure gain of the sudden
enlargement of the injector device as a function of the
Reynolds number.

FIG. 3 is a diagram of the pressures in the device of FIG.
L

FIG. 4 is a diagram of the total head loss in the solenoid
valve.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EXEMPLARY
EMBODIMENTS

The device for implementing the method in accordance
with the present invention consists of a source of combus-
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tible gas under pressure G, the output of which is controlled
in this example by a solenoid valve EV having a piston P
traversed by a conduit Cl for the flow of gas. This solenoid
valve is not being described here. since it is not a part of the
present invention. The outlet of this solenoid valve commu-
nicates with a nozzle BG, the outlet of which leads into a
cone C comprising. together with the end of the nozzle BG,
an annular opening BA which, connected with the ambient
air, is used as secondary nozzle for the injection of air into
the flow of gas. The cone C is followed by a cylindrical
portion with a cross section S, and then a sudden enlarge-
ment BC, called Borda-Carnot, with a cross section S,,
which leads into a heat exchanger EC, which is in contact
with a substrate impregnated with a catalytic material MC
for the oxidation of the combustible gas supplied under
pressure G. The proportion between the length of this
section BC and the diameter of the section S, should be
approximately 8 to 12.

The method of the present invention comprises the aspi-
ration of a small quantity of air by means of the pressure
drop created by the sudden enlargement BC provided down-
stream of the nozzles BA and BG. At the same time and as
described below, the sudden enlargement causes strong
turbulence in the flow as well as relatively low flow speeds,
thus assuring homogenous mixing of the air and the com-
bustible gas. This mixture is then introduced into the heat
exchanger, where it is heated to a temperature of at least
530° C., at which the tetrahydrathiophene (THT) molecules
decompose and the sulfur is liberated, which oxidizes upon
contact with the oxygen in the air present in the mixture.
Accordingly. when the combustible mixture is brought into
contact in the catalytic burner with a new supply of air
intended for oxidation of the fuel, the sulfur is found to be
in the form of SO,. which does not contaminate the cata-
lyzer.

As outlined above, the implementation of this process
poses problems, the solution of which is very ticklish. The
density of the driving fluid. much less than that of the driven
fluid, the kinematic viscosity of the gaseous fluids. much
higher than that of the liquids, as well as the slow speed of
the gas due to the low feed pressure of the natural gas.
implying Reynolds numbers less than 10,000, constitute
operational conditions which are entirely unusual.

These reasons have led the inventors to replace the
conventional cone diffuser with a sudden enlargement,
called Borda-Carnot. Actually, with the Reynolds numbers
under consideration. the cone diffuser does not provide an
assurance of the stability of the flow, the more so since the
output and thus the speed and the Reynolds number are said
to be reduced to 30% of the nominal output, according to the
power demanded by the burner. On the other hand, if the
sudden enlargement has a less effective yield. its operation
is better known with low Reynolds numbers and. as shown
in the diagram of FIG. 2. makes it possible to obtain, starting
with a Reynolds number of approximately 3.000 and with
sections S,/S, of the sudden enlargement having a propor-
tion of 0.5 to 0.6. an increase in maximum pressure A p/q of
about 0.5, q being the dynamic pressure in the neck of the
nozzle, and also makes it possible to operate at a Reynolds
number of 2,000, based on the flow conditions in the neck
of the nozzle. These indications come from the Memento of
Head Losses of Idelcik (Eyrolles).

The diffuser leads into the exchanger EC, which is in
contact with the substrate impregnated with the catalytic
material MC. In this case the substrate is a material formed
of heat-resistant fibers, impregnated with platinum. The
exchanger can be formed by a simple tube of the proper
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cross section and length, or by two tubes coaxially disposed
one inside the other. thus assuring a counter-current fiow in
the annular space between the tubes. as well as in the central
tube. The cross section of this tube must be selected so that
an acceptable head loss is generated. taking into account the
supply pressure of the natural gas.

The diagram of FIG. 3 illustrates schematically the value
of the pressures at various locations of the device in com-
parison to the ambient pressure, which corresponds to the
axis x. p, corresponds to the pressure at the inlet of the
solenoid valve EV. A p,, is the head loss across the solenoid
valve. p, corresponds to the pressure at the inlet of the
injector device and p, to that obtaining in the neck of the
injector device, the one which is to aspirate the ambient air.
P, is the pressure at the inlet of the heat exchanger, the exit
being practically at ambient pressure.

An example of the size of a device for treating a natural
gas, supplied at a pressure of 2.3 kPa with a nominal flow of
0.50 m’/ is given below. which is intended to supply a
heating apparatus with catalytic burner of S kW. In this
example the conduit C1. provided in the piston P of the
solenoid valve EV has a diameter of 3 mm. and the nozzle
BG has a diameter of 1.5 mm. the small diameter of the
diffuser is 1.6 mm and that of the sudden enlargement 2.2
mm. The hydraulic diameters of the counter-current
exchanger are approximately 3 to 5 mm., and its length is 34
cm. The table below gives the values for the pressures p_m.
p; and p, at different flow rates of the gas Q.

Pt P

Q Po Pa Pa P2
1/h Pa (measured) (calculated) Pa
432 1700 -830 —640 30
308 900 -350 -320 40
200 380 -130 —108 -0
136 250 =50 —20 -0

It can be seen that p, is below the ambient pressure in
connection with all the flow rates considered, for the calcu-
lated as well as the measured values. In this connection a
certain imprecision should be pointed out due to the mea-
suring equipment available as well as certain fluctuations in
the pressure of the distribution system.

With the catalytic material MC at a temperature on the
order of 700° C.. the temperature of the mixwre of the gas
at the outlet of the heat exchanger EC was calculated such
that it should be on the order of 550° C. Tests have been
performed with a heating apparatus with catalytic burner
supplied with natural gas containing on the order of 15 ppm
of THT and weated with the described device. After 4.500
hours of operation no trace of catalyzer contamination was
noted. On the other hand, after the air inlet of the second
nozzle BA had been blocked. the beginning of contamipa-
tion of the catalyzer with sulfur was noted. However, it could
be seen that this contamination disappeared after the admis-
sion of air was reestablished. This experience demonstrates
the indispensable role of the air. since a simple pre-heating
of the fuel is not sufficient.

It is certain that the proportion of air aspirated in the
described case is very largely in excess in comparison to the
stoichiometry air-sulfur, taking into account the amount of
THT present. This fact has not caused any measurable
diminution of the yield of the burner, which confirms the
value of this solution.

It is obviously possible to adapt the described device to all
manner of catalytic combustion apparatus of various power.
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Therefore. in connection with a heating apparatus of 10 kW,
requiring a nominal flow on the order of 1.0 m*h and also
supplied with a pressure of 2.3 kPa, the logarithmic-scale
diagram of FIG. 4 in connection with head losses in the
solenoid valve system controlling the amount of supply.
permits the deduction that, for operating under the same
conditions. the diameters of the solenoid valve and of the
heat exchanger of the supply device should be multiplied by
a factor of about 1.5 in comparison to the 5 kW apparatus,
which results in a solenoid valve with a conduit Cl of 4.5
mm across the piston P and a heat exchanger of 9 mm. Given
the relatively important diameter of this heat exchanger, it is
always possible to increase its effiency by adopting the
solution of cross-current flow through two coaxial tubes, as
previously mentioned.
In the herein described example. the control of the supply
of gas has been realized with the help of a solenoid valve
selected to be associated with an electronic control circuit.
Nevertheless., it is obvious that any other appropriate control
system could replace the solenoid valve described which, as
already mentioned. is not a part of the invention.
What is claimed is:
1. A method of oxidizing at least one sulfur compound
contained in a natural gas in the form of an additive before
burning the natural gas with a catalytic material, said method
comprising the steps of:
providing an injector device comprising a nozzle con-
nected to a natural gas supplying source and cooper-
ating members that collectively define an annular space
interconnecting the nozzle to the atmosphere. the
nozzle having a diameter and being constructed and
arranged to receive the natural gas from the supplying
source at a low pressure such that the injector device is
operated below a Reynold’s number of 10.000;

flowing natural gas from the supplying source to the
nozzle under the low pressure to generate a pressure
lower than atmospheric pressure in the annular space
and thereby aspirating air through the annular space
and into the natural gas as the natural gas flows through
the nozzle;

providing a diffuser downsiream from the nozzle and the

annular space and conveying the natural gas and the

6

aspirated air through the diffuser, the diffuser defining
first and second passage portions therein, the first
passage portion being interposed between the nozzle
and the second passage portion, and the second passage
5 portion being configured to have a cross-sectional area
sufficiently larger than a cross-sectional area of the first
passage portion such that a flow path in the diffuser
undergoes a Borda-Carnot enlargement between the
first and second passage portions, said Borda-Carnot
enlargement being sufficiently large to cause the natural
gas and aspirated air to mix together to form a mixture;

heating the mixture until it reaches a temperature of at
least 530° C. and thereby decomposing at least one
sulfur compound contained in the natural gas to form at
least one decomposed compound containing the sulfur;
and

oxidizing the sulfur of the at least one decomposed
compound before burning the natural gas with a cata-
Iytic material.

2. A method according to claim 1, wherein the injector
device is operated below a Reynold’s number of about
3.000.

3. A method according to claim 1. wherein the injector
device is operated below a Reynold’s number of about
2.000.

4. A method according to claim 1. wherein a ratio of the
cross-sectional area of the first passage portion to the
cross-sectional area of the second passage portion is in a
range of from 0.5 to 0.6.

5. A method according to claim 1, wherein the nozzle is
substantially conically shaped about a longitudinal axis
extending in a direction between an entrance of the nozzle,
which receives the natural gas from the natural gas supply-
ing source. and an exit of the nozzle, which conveys the
natural gas and aspirated air to the diffuser, such that the
diameter of the nozzle varies along a direction of the
longitudinal axis.

6. A method according to claim 1, wherein the at least one
sulfur compound is tetrahydrothiophene.
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