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(57) Ce systeme d’imjection de gaz pour pistolet de
projection par détonation ne comprend pas de soupapes
ou de systemes mecaniques de fermeture pour
I’alimentation en gaz combustibles ou autres composes
additifs de type 1nerte tels que 1’azote, I’argol, 1"hé¢lium
ou des composes similaires. En revanche, 1"alimentation
en gaz ou composes se produit directement et s€parément
dans la chambre de detonation (1) a travers un s€rie de
passages independants, 1’un destiné au comburant et au
moins un autre destiné aux combustibles. Chaque
passage est compose d'une chambre d’expansion (8) et
d’une pluralit¢ de conduits distributeurs (9) de section

I*I Industrie Canada  Industry Canada

(57) The system for imjecting gas for a detonation
projection gun does not incorporate mechanical closing
valves or systems for the supply of combustible gas or
other mert additive compounds such as nitrogen, argol,
helium or the like. On the contrary, the supply of gas or
compounds occurs directly and separately to the
detonation chamber (1) through a series of independent
passages, one for the comburant and at least another
passage for the combustibles, each passage being
comprised of an expansion chamber (8) and of a plurality
of distribution conduits (9) having a reduced cross-
section and/or extended length. The expansion chamber
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transversale reduite et/ou de longueur c¢leveée. La
chambre d’expansion (8) de chaque passage est placee en
communication directe avec la ligne d’alimentation (4)
correspondante, tandis que les conduits distributeurs (9)
sont répartis de maniere convenable de facon que, sur la
surface mterieure de la chambre de combustion (1),
solent ouverts de multiples points d’injection de gaz.
Une alimentation continue et séparce en gaz en de
multiples points est produite et celle-c1 permet d’assurer
le mélange direct et homogene du combustible dans la
chambre de combustion (1). L ’¢coulement du melange
est suffisant pour remplir la chambre (1) lors de chaque
cycle de detonation.
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(8) of each passage communicates directly with the
corresponding supply line (4) whereas the distribution
conduits (9) are conveniently distributed so that multiple
gas 1jection points open out at the internal surface of the
combustion chamber (1) 1n order to produce a continuous
and separate supply of gas at multiple points thereby
ensuring a direct and homogenous combustible mixing
1in the combustion chamber (1) and with a flow which 1s
sufficient to f1ll the chamber (1) 1n each detonation cycle.
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GAS FEEDING SYSTEM FOR A DETONATION SPRAY GUN

A BSTRACT

This gas feeding system for a detonation spray gun has
no valves or mechanical sealing devices for feeding the
active gases in the combustion, or other inert additive
compounds such as nitrogen, argon, helium or similar, such
feeding of the gases or compounds being performed directly
and separately to the detonation chamber (1) through a set
of 1ndependent passages, one for the oxidant and at least
one for the fuel, each passage consisting of an expansion
chamber (8) and a number of distribution conduits (9) of
small cross section and/or great 1length. Each passage's
expansion chamber (8) is directly communicated to the
corresponding supply 1line (4) while the distribution
condults (9) are conveniently arranged so that several gas
injection points open into the inner surface of the
combustion chamber (1), resulting in a continuous and
separate feeding of gases at several points which ensures
that the fuel mixture is made directly and homogeneously 1n
the combustion chamber (1) and with sufficient flow to fill

chamber (1) 1n each detonation cycle.
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GAS FEEDING SYSTEM FOR A DETONATION SPRAY GUN
DESCRTIPTTION
OBJECT OF THE INVENTION

The present invention relates to the field of thermal
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spray technologies for applying coatings and in particular

to detonation thermal spray.

The object of the present 1nvention 1is a gas feeder
apparatus for a detonation spray gun which provides a high
safety of use as well as a dgreater productivity and

versatility.
BACKGROUND OF THE INVENTION

At this time, detonation spray technology is mainly
used to apply coatings to workpieces exposed to severe
wear, heat or corrosion and 1s fundamentally based on using
the kinetic energy produced in the detonation of
combustible mixtures of gases to deposit powdered coating

materials on workpieces.

Coating materials typilically used in detonation
processes include powder forms of metals, metal-ceramics
and ceramics and are applied to improve resistance to wear,
erosion, corrosion, as thermal insulators and as electrical

insulators or conductors.

Spraying by detonation 1s performed by spray guns
which basically consist of a tubular detonation chamber,
with one closed end and one open end, to the latter being
attached an also tubular barrel. A combustion mixture 1s
injected into the detonation chamber and ignition of the

gas mixture 1is achieved with a spark plug, causing a
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detonation and consequently a shock or pressure wave which
travels at supersonic speeds 1nslide the chamber and then
inside the barrel until it leaves through the open end of
the barrel.

The coating material powder 1is generally injected into

the barrel in front of the propagating shock wave front and
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Is then carrited—out—te—the open —end—of the barrel and

deposited onto a substrate or workpiliece placed in front of
the barrel. The impact of the coating powder onto the
substrate produces a high-density <coating with good

adhesive characteristics.

This process 1s repeated cyclically until the

workplece 1s adegquately coated.

In a typical detonation gun, the gases which make up
the mixture to be detonated, oxygen and a fuel such as
natural gas, propane, propylene, hydrogen or acetylene are
mixed before they enter the detonation chamber in a mixing
chamber, to ensure the homogeneity of the mixture 1in the
detonation chamber at the time of explosion. The chamber or
conduits in which the gases are mixed make up a volume 1in
which flame and shock wave returns must be absent, to
prevent backfiring into the fuel and oxygen supplies. This
basic safety requirement 1is solved in traditional devices

in three basic ways:

a) Detonation systems in which the mixing chamber, the
detonation chamber and the gas feeding suppllies are
isolated by a valve system synchronized with the firing
system. In this arrangement, valves open to allow the gases
to pass into the premixture chamber and from it to the
detonation chamber and <close during the explosion to
isolate the feeding supplies from the detonation chamber.

Devices of this type are described 1in U.S. Patents

———— e oy &,
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4.687.135 and 4.096.945.

This 1s a solution widely wused but its main
disadvantage refers to the fact that the valve system
complicates the apparatus and uses mechanical moving parts,
which causes reliability problems and limits the

productivity. In these devices, the detonation wave is
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an lnert gas such as nitrogen or a noble gas which prevents

propagation inside 1it.

b) U.S. Patent 4.258.091 refers to a method for applying
coatings 1n which the fuel gases are fed continuously into
a mixing chamber and from there they pass, through a pipe,
into the detonation chamber. To achieve a cyclically and
controlled feeding of the mixed gases into the detonation
chamber, an inert gas ié fed to an 1ntermediate area of the
communlication pipe between the mixing chamber and the
detonation chamber. The injection of the inert gas into the
pipe 1s controlled cyclically by a valve, so that volumes
of gas mixture and inert gas arrive in an alternate manner
at the detonation chamber. The volume of inert gas allows
controlling the adequate mixture volume for detonation and

also prevents backfiring 1into the mixing chamber.

The mailn disadvantage of this device 1is 1its low

productivity.

c) Detonation apparatus 1n which the mixing chamber is
communicated with the detonation chamber by a labyrinth-
like tortuous path or —conduit, which @precludes the
propagation of the detonation wave by collision of the
detonation cells, which make up the shock wave, against the
labyrinth walls, so that the wave loses enough pressure not
to be able to propagate through the gas feeding supplies.
Such an apparatus 1s described in PCT Patent US96/20160 of
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the applicant.

In this case, the tortuous path or labyrinth presents
a particular geometry which depends on the composition of
the gas mixture, since the size of the detonation cells
depends on the mixture, and so the labyrinth must be

specifically designed to cause the annihilation of the
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cells which propagate 1Inm 1t-—Thishas—thedisadvantage that

the eguipment is designed to annihillate cells corresponding
to certain fuel mixtures; a new labyrinth design or, at
best, a rearrangement of its geometry 1is required for safe
use with a different gas mixture, which generates cells of

different size.

Even for a same palr of gases the labyrinth design can
only ensure safety of the system in a limited composition
interval of the mixture -and pressure of the gases 1in the

combustion chamber.

Another important disadvantage of this type of systems
relates to the fact that since there is free communication
between the detonation chamber and the mixing chamber it 1s
not possible to completely eliminate backfiring into the
mixing chamber, so that between successive detonations
there is a combustion of gases contained 1n the latter.
When these gases burn inside the mixing chamber, ashes and
soot are created which are deposited on the chamber walls
and on the gas feeding conduits, possibly even obstructing
these, so that it 1is necessary to periodically clean and

maintaln these.

A similar solution to the above one and therefore with
the same disadvantages mentioned 1s described 1in U.S.
Patent 5.542.606. In this Patent, combustion of the gases
occurs 1in the gas mixing chamber itself, propagating

through narrow conduilts until a larger chamber 1s reached




CA 02303014 2000-03-10

where the detonation occurs.

DESCRIPTION OF THE INVENTION

The present invention fully sclves the  above
disadvantages by a continuous gas feeding system which

communicates directly and separately the oxygen and fuel
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being an 1intermediate chamber or conduit where the fuel
gases and oxygen mix before they arrive at the detonation

chamber.

The apparatus of the 1nvention have no valves or
moving parts to close communication between the detonation
chamber and the gas feeding supplies and consilsts only of a
series of 1ndependent passages for each of the gases, the
design and size of -‘which allow ©obtaining «cyclical
detonations with a continuous gas feeding, 1in addition
guaranteeing a fast and thorough distribution of gases 1in
the detonation chamber to obtain a fast and efficient

homogeneity of the mixture.

More specifically, each of the 1independent passages
which communicate the feeding supplies to the detonation
chamber consists of an expansion chamber and a number of
distribution conduits of small cross section and/or great
length, so that each gas arrives at the detonation chamber
separated from the other gas and through a number of small
orifices, as 1n a shower head, guaranteeling a correct
spatial distribution of the gases inside the detonation
chamber and thereby a proper homogeneity of the mixture

produced in the detonation chamber prior to the explosion.

Once the detonation occurs, the pressure wave
generated travels 1n all directions, malnly through the

barrel, but also through the multiple gas distribution
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passages which open into the detonation chamber. Due to the
geometry of these, the progression of the gases through the
distribution passages takes place with difficulty so that
the gases lose a great deal of heat by thermal transmission
to the outer surface of the conduits, c¢ooling down to a

temperature below that of ignition of the mixture.
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After—this;—when—the main—velume of detonation gase
passes out through the barrel, the gases which traveled 1in
the distribution condults are suctioned 1in, returning
already cooled to the detonation chamber, forming a volume
of cold gases which 1s located immediately behind the hot
detonation gases, thus acting as a thermal barrier between
the very hot detonated gases and the new volume of gases
which enters the chamber for a new detonation cycle. This
volume of cold gases prevents the detonated gases from
being in direct contact with the new volume of gases, thus
avolding the propagatioh of combustion to the new gases,
that 1s, the cooled detonated gases 1nside the distribution
condults act as a barrier separating cyclically volumes of

gases Wwhich cause combustion and therefore detonate

cyclically.

As has been exposed, this 1injection system based on a
set of independent passages, consisting of a number of
condults of reduced <cross section and/or great 1length,

converts a continuous feeding of gases 1into cyclical

_detonations inside the detonation chamber.

P

In addition, the device also acts as a safety valve,
preventing the pressure wave from reaching the gas feeding
supplies after each explosion since the special geometry of
the distribution conduits makes the gas advance slowly
inside them, so that before the pressure wave front reaches
the feeding supplies all the explosion volume has left

through the barrel and therefore the pressure of the wave
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rapidly dilsappears.

Nevertheless, the system 1s intrinsically safe as
there 1is no volume of explosive mixture, oxygen and
combustion gas, 1in any chamber or conduit of the device
except the detonation chamber. This means that even in the

case of backfiring, there would be no serious consequences
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as neither—the oxygen—nhor—the fuel (exXcept acetylene) can

burn on their own, much less explode.

With the system described, the spray frequency is
greater than 1n present equipment due to the fact that
there are no moving parts and 1t 1s not necessary to refill
the gas and oxygen volumes of the mixing chamber between
successive discharges which 1n other systems are 1lost
through combustion. This means that a faster refill of the
detonation chamber can pie obtained and therefore a higher

working frequency can also be obtained.

The apparatus of the 1nvention 1s placed directly
between the gas feeding supplies and the detonation chamber
and can be made in the walls of the chamber itself, as a
rod or cylinder placed axially behind the chamber, or
preferably as one or several caps 1internally connected to
the detonation chamber. When the expansion chambers are
placed around the perimeter of the aforementioned caps,
they may occupy an arc of circumference or the full

circumference, where 1n the first case the feeding 1lines

" must be arranged radially with respect to the detonation

chamber.

Finally, the described system shows greater
flexibility than known systems in that there 1s no
limitation as far as the type of gas to be used, 1n other
words, 1t 1s not necessary to adapt or modify the

detonation gun even if different gases or mixtures of gases
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are used.

DESCRIPTION OF THE DRAWINGS

To complement the description being made and in order
to aid a better understanding of the characteristics of the

invention, attached to the present descriptive memory as an
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integral part—of 1t —1s—a set—of drawings,— where—in an

illustrative and non-limiting nature, the following is

shown:

Figure 1 shows a sketch of a detonation spray device
according to the object of the invention, 1in which the
explosive mixture 1s obtalned from a fuel, nitrogen gas and

oxygen.

Figure 2 shows ab embodiment 1n which the gas
injection system consists of +two concentric caps both
provided with an expansion chamber and a number of
distribution orifices which communicate to the detonation

chamber.

Figure 3 shows a perspective view of the embodiment
shown 1n figure 2, that 1s, where the feeding system
consists of a cap provided with annular expansion chambers

and a number of distribution orifices.

a8

Figure 4 shows an embodiment in which the gas feeding
system consists of a single cylindrical cap provided, for
each gas, wilith a radial expansion chamber and a number of
distribution orifices which communicate with the detonation

chamber.

Figure 5 shows a perspective view of the embodiment
shown 1n figure 4, that 1is, where the feeding system

conslists of a cap provided with radial expansion chambers
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and a number of distribution orifices.

Figure 6 shows an embodiment of the feeding system

using a porous material.

Figure 7 shows an embodiment of the feeding system

where the feeding system consists of an axial rod or
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eylinder, provided with an axilal expansion chamber for each

of the gases and a number of distribution orifices which

open into the detonation chamber.
PREFERRED EMBODIMENT OF THE INVENTION

As seen 1in figure 1, a detonation gun basically
consists of a detonation chamber (1) of cylindrical shape
and a barrel (2), also cylindrical, connected to the open
end of the combustion chamber. The combustion chamber 1s
provided with a spark plﬁg (3) which provides the 1ignition

of the combustible mixture.

The combustible gases reach the detonation chamber
through feeding conduits (4) while the coating powder 1s
fed to the barrel (2), consegquently 1n an area located

after the detonation chamber.

The gas feeding system object of the invention, as
seen in all of the figures, allows feeding gases directly
and independently to the detonation chamber (1) without
performing a previous mixture of these gases before they

reach the detonation chamber (1).

More specifically, the proposed feeding system
consists of a series of independent passages, each of which
in turn consists of an expansion chamber (8) and a number
of distribution conduilts (9) which communicate  the

expansion chamber (8) with the detonation chamber (1)
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through several points, which allow rapid 1injection of
these gases and good spatial distribution 1n detonation
chamber (1), ensuring a good homogeneity of the mixture

before its combustion.

Distribution conduits (9) have a small cross section

and/or a large length, so that the detonation gases passing

through them lose enough heat to make theilr temperature
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decrease 1nside said conduilits (9) to a value below the
combustion temperature of the mixture, creating a thermal
barrier between the detonated gases and the following
volume of gases which will fill the detonation chamber. In
this way and simply by the geometrical characteristics of
the gas feedling passages 1t 1s possible to obtain cyclical

detonations using continuous gas feedilng.

Figures 2, 3, 4, 5, 6, and 7 show different
embodiments for the gés feeding system object of the
invention; specifically, 1n figures 2 and 3 the feeding
system consists of two concentric annular caps (6) (7)
which are placed inside the detonation chamber also closing
it on 1its rear end. In each of the caps the gas feeding
passages consist of a set of channels (8) (10), forming
annular sectors which define an egual number of radial and
independent expansion chambers, one for each feeding gas,
and a number of orifices (9) (11) which distribute the gas
contained 1n each of the volumes defined by sailid expansion
chambers (8) (10). With this structure the expansion
chambers (8) o©f the outer <cap (6) are 1n direct
communication with the gas feeding supplies (4), the
distribution conduits (9) of the outer cap (6) communicate
chamber (8) with expansion chambers (10) of the 1inner cap
(7) and finally, distribution conduits (11) of the 1inner
cap (7) establish a communication with the detonation
chamber (1). Obviously, this embodiment may be achieved

with a single cap internally coupled to the detonation
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chamber (1) and which communicates gas feeding supplies (4)
and detonation chamber (1) through an expansion chamber (8)

and a number of distribution conduits (9), for each feeding

supply.

With this so, <channels (8) (10) define a set of
independent chambers or volumes, as 1f manifolds, each

directly communicated with one of the gas feeding supplies
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(4) so that each gas may Tec =—detonation—chamber —{1}
without mixing with the other gases by means of several
conduits (9) (11).

Figures 4 and 5 show a varilation of the embodiment of
figure 2, where channels (8) (10) of the caps (6) and (7)
extend through the entire perimeter of the caps, forming
annular channels which define expansion chambers, also
annular, for each feeding gas. Obviously, this embodiment
may be achieved with a single cap internally coupled to the
detonation chamber (1) and which communicates gas feeding
supplies (4) and detonation chamber (1) through an
expansion chamber (8) and a number of distribution conduits

(9), for each feeding supply, as shown in figure 1.

Figure 6 shows an embodiment 1n which a porous
material (12) 1is placed 1in the volume determined by the
expansion chambers (8) of the outer <cap (6), which

precludes the progress of the pressure wave through it.

Figure 7 shows an embodiment 1in which the feeding
system 1s materialized in a central rod or cylinder (13)
placed 1nside and concentric to the detonation chamber (1)
which 1ncorporates a set of longitudinal conduits (14)
which make up longitudinal expansion chambers and a number
of radial orifices (15) which are part of the corresponding
distribution ducts which communicate each expansion chamber

with the detonation chamber through several points
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distributed around the aforementioned rod (13).

One of the main advantages of the invention refers to
the fact that feeding of each gas 1s performed, whether
radially, annularly or axially, through an 1ndependent
passage, so that the gases remaln separate until they reach

the detonation chamber, inside which the fuel nmixture is
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condult containing a fuel mixture. In this way, even 1if
there 1s a certain backfiring reaching any gas feeding
passage, ho combustion can take place, much 1less a
detonation, since each of the gases on thelr own cannot

burn nor much less explode.

With this apparatus the feeding of gas 1s continuous,
that is, there are no valves or mechanlical elements of any
other type which open or close the gas feeding to the
detonation gun, gas feeding taking place directly from the
feeding supplies to the detonation chamber (1) 1n which the
fuel mixture 1is made and its ignition, by the spark plug,
first producing the combustion of the mixture and then the
detonation, which advances both through barrel (2) and
through the passages. The advance of the detonation wave
through the passages blocks the feeding of gas -to the
detonation chamber, thus directly converting, that 1s
without valves or other mechanical devices, the continuous
feeding of gases into a cyclical feeding of the detonation

chamber which allows cyclical detonations and therefore

Jﬁery effective ones. It must be remembered that the

propagation speed in a combustion process 1s substantially

slower than that of a detonation process.

It 1is not considered necessary to extend this
description further for any expert 1n the field ¢to
understand the scope of the invention and the advantages

derived thereof.
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The materials, shape, size and arrangement of the
elements are subject to variation as 1long as they do not

imply a change in the essence of the 1invention.

The terms used 1n this document shall always be

understood 1n a wide and non-limiting sense.




CA 02303014 2000-03-10

| 4

CLAIMS

1.~ Gas feeding system 1n a detonation spray gun of the
type without valves or mechanical sealing devices for
feeding the active gases 1n the combustion, or other inert
additive compounds such as nitrogen, argon, helium or

similar, characterized in that feeding of the gases or
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compounds— i nerformed direct and separately to the

detonation chamber (1) through a set of independent
passages, one for the oxidant and at least another one for
the fuel, each passage consisting of an expansion chamber
(8) and a number of distribution conduits (9) of small
cross section and/or great length, so that thermal
transmission between the walls of the distribution conduits
(9) and the gases of the detonation wave which advance
through those towards the supply 1lines 1is sufficiently
great to cool down the gases to a temperature below the
ignition temperature of the mixture, so that in the
following cycle, when they return to the 1inside of the
detonation chamber (1), they act as a thermal barrier
between the detonation products and the following volume of
combustible mixture, with each passage's expansion chamber
(8) being directly communicated to the corresponding supply
line (4) while the distribution conduilts (9) are
conveniently arranged so that several gas i1injection points
open into the inner surface of the combustion chamber (1),
resulting in a continuous and separate feeding of gases at
sev'er\al points which ensures that the fuel mixture 1s made
directly and homogeneously 1in the combustion chamber (1)
and with sufficient flow to fi1ll chamber (1) 1in each
detonation cycle.

2.~ Gas feeding system in a detonation spray gun as 1in
claim 1, characterized 1n that 1t consists of one or
several caps or tubular parts which are placed inside the

combustion chamber (1) closing 1t at its rear end, with the
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outermost cap (6) having around 1t a set of channels (8)
forming annular sectors which define an equal number of
radial and 1ndependent expansion chambers, one for each
feeding gas, and a number of also radial orifices (9) which
constitute the distribution conduits which communicate each
of the radial chambers with the combustion chamber through

several points, so that each radial chamber 1s direct and
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freely communlcated wilth the combustion chamber and with a

single feeding supply, so that each gas reaches the
combustion chamber (1) without previously mixing with other
gases, having conslidered the possibility of incorporating a
second cap (7) concentric to and 1inslde the first one and
also provided with a set of radial channels (10), as many
as there are feeding gases, and a number of radial orifices
(11) so that the radial orifices (9) of the outer cap (6)
are communicated with the expansion chambers (10) of the
inner cap (7) , while the radial orifices (11) of the 1inner
cap (7) -establish a communication with the combustion
chamber (1).

3.- Gas feeding systex 1n a detonation spray gun as 1n
above claims, characterized 1in that the channels (8)
provided around caps (6), (7) extend along the entire

perimeter of the cap, creating annular channels which make

up an expansion chamber, also annular, for each feeding

gas.
4.- Gas feeding systen 1in a detonation spray gun as 1in
above c¢laims, characterized 1in that 1in the expansion

chambers (8) defined ky the outer cap (6), the inner cap
(7), or both, a porcus material (12) 1is placed which
precludes the advance c¢f the pressure wave generated at the

detonation chamber.

5.- Gas feeding systex in a detonation spray gun as 1n
claim 1, characterized 1in that 1t 1s provided with a
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central rod (13) or cylinder placed concentric to and
inside the combustion chamber (1) which incorporates a
number of longitudinal conduits (14) defining corresponding
longitudinal expansion chambers and a number of radial
orifices (15) which make up the corresponding distribution
condults which communicate each 1longitudinal expansion
chamber (14) with the combustion chamber (1) separately,
through several points distributed radially along the

perimeter of said rod.
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