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VAPOUR EXPLOSION CHAMBER 

This application claims the benefit of U.S. Provisional 
Application No. 60/720,716, filed Sep. 26, 2005, which is 
incorporated herein by reference. 

BACKGROUND 

The present invention relates to a method and apparatus for 
ejecting target mass. In particular, but not exclusively, the 
present invention provides a method and apparatus for a fast 
mass ejection device able to eject liquid and liquid vapour 
quickly and over relatively long distances from an ejection 
chamber in which a quantity of liquid is stored. 

There is a need in a number of industries for mass ejection 
devices. That is to say, devices which will send out a spray of 
liquid and liquid vapour at a fixed or variable rate and over a 
desired distance. Preferably there is a need for a spray of 
liquid and liquid vapour to occurat a fast rate and over a great 
distance. In such systems the term “throw’ is often referred to 
as a characteristic of a spray. The throw of material is defined 
as the distance travelled divided by the length of a chamber 
from which the spray is ejected. 

Various examples of mass ejection devices are known Such 
as fire extinguishers, inkjet printers, air bag igniters, fuel 
injectors for motor engines and gas turbines, etc. In each of 
these there are specific problems associated with the device in 
question, however, for each applied technology there is a 
continuing desire to be able to eject liquid and liquid vapour 
quickly and over a large distance. 
By way of example of a problem specific to an application 

of mass ejection systems, reference is made to a gas turbine 
reigniter. In the igniter of a gas turbine, the conventional 
approach to reignite gas in a combustion chamber is to pass a 
current between two electrodes of a reigniter and create for a 
short while a mixture of electrically charged radicals. This is 
illustrated more clearly in FIG. 1 in which a conventional 
reigniter 10 is shown including an outer electrode 11 which is 
generally cylindrical in shape with an internally located pellet 
12. A central electrode 13 is located within the pellet and by 
passing a current between the two electrodes 11, 13 a mixture 
of electrically charged radicals (that is when the gas mol 
ecules split temporarily into charged components referred to 
as a plasma). This plasma only lasts for a fraction of a second 
before recombining and losing its charge. The charge is then 
used to ignite combustion in a main combustion chamber of 
the main engine. A problem with Such known reigniters is in 
getting the mixture to be ejected as ejected material via the 
exit orifice 14 far enough and to remain charged long enough 
to perform its objective function. The ejected material 15 has 
been used to ignite the kerosene or other usual gas turbine 
engine fuel. 

SUMMARY 

It is an aim of certain embodiments disclosed herein to 
provide an apparatus and method for ejecting material 
whereby liquid and liquid vapour are ejected from a chamber, 
the ejected material having desirable characteristics such as 
speed of ejection and distance travelled by the ejected mate 
rial. 

It is an aim of certain disclosed embodiments to provide an 
apparatus and method for providing a fast mass ejector. Desir 
ably, such fast mass ejectors will overcome problems specific 
to their application Such as fuel injectors and gas turbine 
reigniters etc. 
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2 
According to a first aspect, there is provided apparatus for 

ejecting material, comprising: 
an ejection chamber arranged to hold a portion of a selected 

liquid; 
an inlet valve arranged to selectively open to thereby trans 

fer liquid into the ejection chamber; and 
an exit valve arranged to selectively open to eject material 

from said ejection chamber as liquid vapour and/or liquid 
when at least one parameter associated with said ejection 
chamber satisfies a predetermined condition. 

According to a second aspect, there is provided apparatus 
for ejecting material, comprising: 

an ejection chamber arranged to hold a portion of a selected 
liquid; 

an inlet valve arranged to selectively open to thereby trans 
fer liquid into the ejection chamber; and 

an exit valve arranged to selectively open to eject material 
from said ejection chamber as liquid vapour and/or liquid 
when at least one parameter associated with the ejection 
chamber satisfies a predetermined condition; wherein 

liquid in the ejection chamber is heated above a boiling 
point, associated with said liquid, prior to the exit valve being 
opened. 

According to a third aspect, there is provided a method for 
ejecting material, comprising the steps of 

holding a portion of a selected liquid in an ejection cham 
ber; 

increasing at least one parameter of the liquid in the ejec 
tion chamber; 

selectively opening an exit valve of the ejection chamber 
when the parameter associated with the ejection chamber 
satisfies a predetermined condition; and 

ejecting liquid vapour and/or liquid from the ejection 
chamber via the exit valve. 

According to a fourth aspect, there is provided an apparatus 
for ejecting material, comprising: 

a chamber for holding a body of a selected liquid; 
an inlet valve via which the selected liquid can be intro 

duced into the chamber; 
an exit valve arranged to open to allow contents from the 

chamber to be ejected when a predetermined parameter is 
satisfied; and 
means for increasing pressure of the liquid in the chamber; 

wherein 
liquid and liquid vapour are ejected from the chamber via 

the exit valve. 
Desirably said means for increasing pressure comprises a 

heating element arranged to heat the body of liquid located in 
the chamber. 

Desirably said exit valve is arranged to open when the 
pressure within the chamber reaches a predetermined value. 

Desirably said inlet valve is arranged to open to allow 
liquid to be introduced into the chamber subsequent to the 
contents of the chamber previously being ejected via the 
opening of the exit valve. 

Desirably said chamber further comprises a narrow neck 
region along which liquid and vapour is ejected. 

Desirably the liquid and vapour are ejected via a vapour 
explosion process when the exit valve opens. 

Desirably said liquid is water. 
Desirably said liquid is a flammable liquid, for example 

kerosene or petrol. 
Desirably said exit valve is set to open at 1.1 bar pressure. 
Desirably said means for increasing pressure comprises 

means for heating the liquid above its boiling point at atmo 
spheric pressure. 



US 8,100,191 B2 
3 

Desirably said chamber diameter is in the range of 1 mm to 
1 meter. 

Desirably said chamber is spherical in shape. 
Desirably said chamber is heart-shaped. 
Desirably said exit valve is located at an apex region of said 

heart-shaped chamber. 
Desirably said chamber is substantially cylindrical in 

shape. 
According to a fifth aspect, there is provided a method for 

ejecting material from a chamber, comprising the steps of 
introducing a selected liquid into the chamber via an inlet 

valve; 
increasing pressure of the liquid in the chamber, 
opening an exit valve when a predetermined parameter is 

satisfied; and 
ejecting liquid and liquid vapour from the chamber via the 

exit valve. 
Desirably the method further comprises the steps of heat 

ing liquid located in the chamber via a heating element pre 
vious to the step of opening the exit valve. 

Desirably the method further comprises the steps of deter 
mining when a predetermined parameter is satisfied and 
opening the exit valve responsive thereto. 

Desirably the method further comprises the steps of heat 
ing the liquid in the chamber to a temperature above its 
boiling temperature at the pressure of gas located at a down 
stream position from the exit valve. 

Desirably the liquid and liquid vapour are ejected as a spray 
having a throw greater than 20. 

Desirably said liquid and liquid vapour are ejected as a 
spray having a throw greater than 100. 

In particular embodiments, an ejection chamber is pro 
vided in which liquid and liquid vapour are exploded from an 
exit orifice. The vapour explosion has the effect that target 
material is blasted out from the ejection chamber very rapidly 
and over distances not previously obtainable with known 
techniques. 

Using a vapour explosion gives a longer throw than clas 
sical fuel injectors. For example, the throw of a liquid and 
liquid vapour explosion in accordance with certain embodi 
ments may be around 200 to 300 times or more its corre 
sponding chamber length. For a classical fuel injector similar 
values would be of the order of 10 to 20 times an injection 
chamber size. This is because of the dynamics of the vapour 
explosion which occurs as a large pressure of liquid in an 
ejection chamber is cyclically built up and then released. 

Certain disclosed embodiments can provide a fuel ignition 
system in which the vapour explosion chamber used to eject 
material can be used to inject fuel (used as its liquid) into a 
combustion chamber. The injected fuel is mostly vaporized 
(around 70% or more of ejected mass is fuel vapour) before 
exiting the injector nozzle. This is of a significant benefit 
because any liquid fuel has first to be vaporized to be able to 
react with air (oxygen). With known fuel injectors, liquid fuel 
must first be atomised to enhance its vaporization. This step in 
exemplary embodiments is not required since the injector 
injects readily vaporized or already vaporized fuel. This sig 
nificantly facilitates the ignition and combustion processes. 

Certain embodiments used as fuel injectors also provide 
the advantage that the new injector requires much lower pres 
Sures to inject an amount of fuel relative to known injectors 
injecting that same amount of fuel. For example, in prior art 
petrol engines which operate at much lower pressures than 
diesel ones, the injection pressure is about 100 bars. Certain 
embodiments provide a fuel injector which requires pressures 
of only 10 to 15 bars. This makes the system cheaper to make 
and to maintain. 
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4 
Certain embodiments provide a fuel injector having a 

longer throw than known prior art fuel injectors. This has the 
advantage of having a more rapid and better mixing and 
vaporization of the fuel. 

Certain embodiments provide a gas turbine reigniter which 
is able to reignite fuel in a combustion chamber of a gas 
turbine more quickly and in a more controlled manner than is 
possible with previously known techniques. 

Certain embodiments provide a pilot flame igniterable to 
ignite target fuel very quickly and over a great distance rela 
tive to the size of the igniter apparatus and amount of fuel 
used. By repeatedly ejecting fuel from the ejection chamber 
the pilot igniter can be kept alight. 

Certain embodiments provide a propulsion unit which can 
be used for vehicles. The propulsion unit can be small scale 
and even nano scale and much lighter than known propulsion 
units since the ejection used to propel a vehicle is very pow 
erful, fast and occurs energetically over a great distance. 

Certain embodiments provide a fire extinguisher system 
which can either be portable or fixed, for use internally in 
buildings or vehicles, which, once triggered, can operate very 
rapidly to eject fire Suppressant material at the heart of a fire. 
The use of spray has been found to be beneficial when fighting 
fires. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention will now be 
described hereinafter, by way of example only, with reference 
to the accompanying drawings in which: 

FIG. 1 illustrates a prior art gas turbine reigniter; 
FIG. 2 illustrates apparatus for ejecting material; 
FIG. 3 illustrates an alternative embodiment of apparatus 

for ejecting material; 
FIG. 4 illustrates a combustion engine; 
FIG. 5 illustrates a fuel injector; 
FIG. 6 illustrates a gas turbine; 
FIG. 7 illustrates a gas turbine reigniter; 
FIG. 8 illustrates a pilot igniter; 
FIG. 9 illustrates a propulsion system for a vehicle: 
FIG. 10 illustrates combustion in a combustion chamber; 
FIG. 11 illustrates an air inlet; 
FIG. 12 illustrates a hand held fire extinguisher; 
FIG. 13 illustrates delivery of medicaments; 
FIG. 14 illustrates an end of an endoscope; 
FIG.15 illustrates how a medicament can be delivered; and 
FIG. 16 illustrates how the chambers of the various 

described embodiments may be shaped. 

DETAILED DESCRIPTION 

In the drawings like reference numerals refer to like parts. 
FIG. 2 illustrates an ejection system 20 for ejecting liquid 

and liquid vapour via a vapour explosion process in accor 
dance with one embodiment. An ejection chamber 21 is 
formed in a generally cylindrical shape from a material Such 
as steel or other rigid material which is able to withstand 
Substantial pressure and temperature changes. It will be 
understood that embodiments of the present invention are not 
limited to combustion chambers having this specific shape, 
nor indeed to combustion chambers formed from steel. At a 
first end region of the chamber 21, signified by reference 
numeral 22, an inlet valve 23 is located so as to allow a 
selected liquid Such as water to enter the central region 24 of 
the chamber via an associated inlet pipe 25. At a further end 
region 26 of the chamber 21 is located an exit valve 27 which 
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opens to allow material to be ejected from the chamber region 
24 through a nozzle region 28. 
A heating element 29 is provided by an electric heater 

located in the ejection chamber. The electric heater is con 
nected to a power source (not shown) so that when turned on 
the heater operates to heat up a body of liquid located in the 
region 24 of the chamber. It will be understood that according 
to further embodiments (some of which are described here 
inbelow) other ways of raising the pressure and temperature 
of liquid in the ejection chamber may be provided. 
As shown in FIG. 2, the pressure of a liquid in the central 

region 24 of the chamber may be increased by heating the 
liquid in it. Prior to this stage the exit valve 27 is closed to 
prevent outgress of liquid. The inlet valve 23 is opened to 
allow liquid water to enter the chamber until the chamber is 
full or contains a predetermined quantity of liquid. The inlet 
valve is then closed sealing the body of liquid thereby located 
in the chamber. The heater element then operates to heat the 
liquid. As a result of this the liquid expands due to thermal 
expansion raising the pressure of the liquid inside the cham 
ber. Whilst the heating can be done by heating elements, it 
would of course be possible to have a preheated liquid supply 
at the inlet to the chamber under high pressure. If this tech 
nique is adopted the pressure rise in the chamber is performed 
by a pump (not shown) which is feeding the liquid Supply into 
the chamber through the inlet valve. By heating the water the 
pressure in the chamber therefore rises. Also, the temperature 
rises. The exit valve is controlled so that the valve “blows' so 
as to open at a predefined/predetermined pressure. The pres 
Sure can be monitored by one or more pressure sensors such 
as pressure transducers located in the chamber or close to the 
chamber. The water or other liquid in the chamber is thus 
heated by an electrical element (much like an electrickettle) 
and then rises to a boiling temperature well above its boiling 
temperature at atmospheric pressure. The temperature rises 
above the boiling temperature at atmospheric pressure 
because the water is kept in the chamber by both an inlet valve 
which closes prior to the water being heated and an exit valve 
which only allows a release once the system has reached a 
particular pressure. At this pressure the valve blows in a 
similar way to a pressure cooker. A vapour explosion then 
takes place which causes a combination of liquid and liquid 
vapour (if the liquid is water the liquid vapour would be 
steam) to exit from the chamber. When the exit valve opens 
the steam and water mixture is ejected via the opening 28. 
When the exit valve opens initially a first phase to be 

ejected is a liquid phase in the form of shattered liquid in a 
spray. This ejection occurs in a matter of microseconds Sub 
sequent to the exit valve opening. This extremely rapid ejec 
tion of liquid has particular advantages. A few microseconds 
later a mixture of liquid and liquid vapour is ejected. Some 
microseconds later a mixture containing slightly less liquid 
and more vapour is ejected. 
As material is ejected from the ejection chamber, the pres 

sure drops. When the pressure has dropped back to an ambient 
or second predetermined pressure, the exit valve is closed and 
the inlet valve opened again to introduce new liquid material 
into the chamber. This restarts the cycle. Consequently a 
repeated cycle of steam/water mixture or other liquid/liquid 
vapour is exhausted from the outlet once Sufficient pressure is 
generated by heating up the new Supply of liquid water. 
The size of the chamber can vary and may, for example, be 

less than a centimeter in diameter. For example, the chamber 
may even be at the nano size to mm diameter. Alternatively, 
the chamber may be a meter or more in diameter. It will be 
appreciated that as the size of the chamber increases, the 
frequency of the blasts will reduce since the time taken to 
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6 
increase the pressure will increase appropriately. It will be 
understood that as the size of the chamberis increased accord 
ing to specific uses, larger pumps and/or valves will be 
required. 

FIG.3 illustrates an alternative embodiment of the ejection 
apparatus which shares many features in common with the 
embodiments shown in FIG. 2. The embodiment illustrated in 
FIG. 3 uses a heat exchanger 30 which encloses a side wall 
portion of the chamber to heat liquid in the chamber. This 
manner of heating liquid is particularly advantageous when 
the liquid ejected is not water but is a fuel which is subse 
quently burned. The generation of this heat at a location 
downstream of the exit valve can be used to heat the heat 
exchangers and thus heat the liquid in the chamber. 

FIG. 4 illustrates the use of a further embodiment as a fuel 
injector unit 40. A combustion engine 41 is illustrated in an 
intake stage (shown in FIG. 4A) and an exhaust phase (illus 
trated in FIG. 4B). The combustion engine includes a cylin 
drical combustion chamber 42 closed at a first end by a 
tight-fitting piston 43 which is arranged to slide within the 
chamber. The movement of the piston varies the volume in the 
chamber 42 between the closed end of the chamber 44 and a 
combustion surface 45 of the piston. An opposed side of the 
piston connects to a crank shaft 46 via a piston rod 47. The 
crank shaft transforms the reciprocating motion of the piston 
into rotary motion. 
The combustion engine illustrated in FIG. 4 is a four stroke 

internal combustion engine, however, it will be understood 
that embodiments of the present invention are not restricted to 
use of fuel injectors with such types of engine. Rather a four 
stroke internal combustion engine is referred to here by way 
of example only. On the first downward stroke of the piston, 
fuel is injected via the fuel ejector 40 into the combustion 
chamber 42. 

Prior art fuel injectors use electro-mechanical nozzles and 
a pre-pressurised fuel to produce a finely atomised spray. Fuel 
is pressurised within a chamber and an electro-magnetic coil 
lifts a needle of its seal so fuel can squeeze through the 
nozzle's aperture through an intake valve. Control of the 
timings of the release of this pressurised liquid is controlled 
by electronics. This has the disadvantage of costly and com 
plex materials which are prone to error and require many 
working parts. Certain embodiments overcome this by 
replacing the known fuel injector Systems with an ejection 
chamber 40 which ejects liquid fuel and liquid fuel vapour 
into the combustion chamber 42 via a vapour explosion pro 
cess as noted above. The vaporized fuel and liquid fuel is 
ignited via an ignition element Such as a spark plug 48. 
A fuel injector System in accordance with an exemplary 

embodiment is shown in more detail in FIG. 5. The fuel 
injector 40 comprises an ejection chamber 21 defining a space 
24 within which liquid fuel can be input via an inlet valve 23. 
A heating element 29 is used to heat a body of liquid located 
inside the ejection chamber Subsequent to its introduction 
through the inlet valve. An exit valve 27 constrains the liquid 
within the chamber until a predetermined pressure is reached. 
This pressure is greater than atmospheric pressure or the 
pressure experienced by ejected material downstream (that is 
to say to the left-hand side shown in FIG.5). In this way liquid 
in the chamber can be heated above the boiling point tem 
perature which will be experienced when the exit valve is 
opened. When the exit valve is thus opened the pressure will 
drop thus causing the liquid in the ejection chamber to boil 
rapidly and in an explosive manner due to its elevated tem 
perature above its natural boiling point. It will be noted that 
for certain fluids, for example, for kerosene and gasoline, the 
fluids are themselves multi-component fuels which include 
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different hydrocarbons. Each of these has a different boiling 
point. For gasoline, for example, the boiling points range 
from 117°C. (for the most volatile component) to 200°C. for 
the heaviest component and for kerosene the boiling points 
range from 150° C. to 300° C. In order to have optimum 
performance it is preferable that the temperature should be 
kept above the higher boiling point to make Sure that all 
components are going to vaporize. This is, of course, not 
necessary. For example, where one knows which component 
has the dominant concentration, then that component's boil 
ing point may be used to fix the temperature ensuring that the 
rest of the fuel will boil. It will be appreciated that the tem 
peratures given here are examples of the corresponding boil 
ing points at atmospheric pressure. These will be very differ 
ent at elevated pressures and reference may be made to known 
databases of thermophysical properties of materials to obtain 
working pressures. A nozzle 50 provides a narrowing of a 
neck region 28 and ejected liquid and liquid vapour are 
ejected through an opening 51 into the combustion chamber 
42 of the combustion engine. 
An advantage of applying the above-described vapour 

explosion technology to fuel injection systems is to greatly 
enhance the throw of the devices and consequently the 
response of the engines to an increased power output. For an 
average sized family car, according to known prior art tech 
niques, a normal operating range is 2,000-6,000 rpm with a 
Formula I car attaining perhaps 17,000 rpm. In accordance 
with certain embodiments disclosed herein, a time taken for 
one cycle of a fuel injector which comprises a short ejection 
phase, followed by a longer refilling and repressurising phase, 
can be around 5 milliseconds or less. The rate of fuel injection 
is thus around 12,000 injections perminute. In a common four 
stroke engine there are typically two revolutions per injection 
and therefore 24,000 rpm could, in theory, be achieved. In 
order to avoid disintegration of the engine, Some form of 
limiting constraint may therefore be utilised to slow down the 
ejection process. 

FIG. 6 illustrates how an embodiment may be applied to 
provide a gas turbine reigniter. FIG. 6 illustrates a gas turbine 
60 comprising three main sections. These are the compressor 
61, combustor 62 and turbine 63. Outside air is drawn into the 
engine by the action of the compressor. The air is mechani 
cally compressed by the motion of the compressor blades 
consequently the pressure and temperature of the air 
increases with the corresponding decrease in Volume. The 
mechanical energy used to compress the air is thus converted 
into kinetic energy in the form of compressed air. The com 
pressed air is then forced through into the combustion section 
into which fuel is injected via a fuel injector 64. The fuel 
injector may be of a conventional type or may be of a type 
previously described hereinabove. A fuel reigniter 65, in 
accordance with an exemplary embodiment, is then used to 
ignite the fuel converting the chemical energy into thermal 
energy in the form of hot expanding gas. Fuel is repeatedly 
injected into the combustion section to ensure continuous 
combustion. Rather than repeated injection, fuel may be con 
stantly injected. Volume of gas and temperature increase 
while the pressure remains Substantially constant through the 
combustor chamber 66. The hot expanding gas’s thermal 
energy is converted to mechanical energy as the turbine 63 is 
rotated by virtue of the gas acting on fins 67 of the turbines. 
Hot exhaust gas then exits out via a front end 68 of the gas 
turbine. The output turbine is connected to the compressor 
blade thus helping to power the compression of air. 
As noted above, known reignition devices (for example as 

shown in FIG. 1) include complex plasma arrangements to 
reignite material in the combustion chambers 66 of gas tur 
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8 
bines. It will be appreciated that the combustion chamber may 
contain many fuel injectors distributed throughout the cham 
ber in an advantageous manner and one or more fuel reignit 
ers may be provided to reignite fuel injected by each of the 
injectors. Alternatively, it will be understood that the loca 
tions of the fuel injectors may be carefully designed so that 
less than one reigniter is required per injector. Gas turbines 
have many applications such as jet engines in the aerospace/ 
nautical industries, engines for land vehicles, as well as elec 
trical power generation using land based gas turbines. 

FIG. 7 illustrates a gas turbine reigniter 70 in more detail. 
An outer electrode 71 which is substantially cylindrical in 
shape forms a side wall for an ejection chamber. At a first end 
region 72 an inlet of liquid fuel enters via an inlet valve 73. 
Input fuel enters a central chamber region 74. The input fuel 
flows through a hole in an inner electrode 75. At a further end 
76 of the ejection chamber, an exit valve 77 is located which 
prevents outgress of the input liquid fuel. When the exit valve 
77 is opened liquid and liquid vapour are ejected via a nozzle 
78. A central semi-conductor pellet separates the outer and 
inner electrodes. This element 79 is used to create charged 
particles to heat the liquid fuel in the chamber. As one or more 
pressure sensors detect the pressure in the chamber reaching 
a predetermined value, a current is passed through. 

FIG. 8 illustrates an application of the vapour explosion 
technology in accordance with a further embodiment in 
which a pilot flame igniter is provided. In this sense FIG. 8 
illustrates a pilot flame ignition ejection system 80. Flame 
ignition systems are required for many applications such as in 
boilers or furnaces or domestic appliances, or domestic gas 
applications. Prior artignition systems generally consist of an 
electronic circuit that produces a spark which consequently 
lights the fuel. The pilot flame igniter 80 includes a fuel 
chamber for storing a body of liquid introduced through an 
inlet valve 23. A heating element such as electric heater 29 
heats the fluid as above-described which is allowed to exit the 
exit valve 27 when a predetermined threshold pressure is 
reached within the chamber. Liquid fuel and liquid fuel 
vapour is ejected through a nozzle 81 repeatedly as repeated 
vapour explosion processes take place rapidly. By virtue of 
the vapour explosion the fuel vapour and liquid fuel is dis 
charged with a large throw, that is to say, over a large distance 
away from the nozzle 81. This may be ignited initially by an 
ignition element (not shown) so that a flame 82 is constantly 
provided to light further ignitable material. It will be appre 
ciated that the ejection system 80 for the pilot flame provides 
a repeating ejection process. During an initial stage immedi 
ately after opening of the exit valve, ejected material is Sub 
stantially in the form of a shattered liquid. Subsequent to this, 
by Some tens of microseconds, the ejected material is a mix of 
liquid and liquid vapour. Still later the ejected material is 
predominantly vapour. When the exit valve closes so as to 
allow recharging of the ejection chamber the flame will be 
unanchored. The dead time caused by the closing of the exit 
valve is selected so as to be long enough to enable refuelling 
of the ejection chamber but not so long that the flame burns all 
fuel and dies. The result will be a pilot igniter having a flame 
which may perceptively dance up and down but which will 
not be extinguished. 

FIG. 9 illustrates a further embodiment in which an ejec 
tion chamber 90 is used to propel a vehicle 91. The vehicle 91 
is shown as an unmanned aerial vehicle (UAV). Such vehicles 
are remotely piloted or self-piloted aircrafts that can carry 
cameras, sensors, communications equipment or other loads. 
It will be appreciated that exemplary embodiments can be 
used to propel other types of vehicle. The UAV includes a 
vehicle body 92 which includes two wing sections 93 which 
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provide lift for the vehicle. Propulsion is provided by burning 
liquid fuel and fuel vapour ejected from the ejection chamber 
system 90 in a combustion chamber 94. There are many types 
of UAV. Some are the size of a small plane and fly at high 
altitudes capable of recording and relaying large amounts of 5 
information back to a base station. Some vehicles are light 
enough to be carried by a single human and launched by hand. 
Micro air vehicles are those vehicles defined as having no 
dimension larger than 15 cms (6 inches). Certain embodi 
ments are also applicable to micro air vehicles or Smaller. 
The mass ejection chamber 90 ejects liquid fuel and liquid 

fuel vapour from a nozzle 95 as described hereinabove. Air is 
drawn into an air intake 96 and passes down inlet passages 97 
where the air mixes with the fuel which is ignited by an 
ignition element 98, Such as a spark igniter. The combustion 
chamber 94 constrains the combustion process and includes 
at least one exit orifice 99 through which burnt combustion 
gases and flame can escape. Propulsion is achieved by the 
expanding hot exhaust gases. The vapour explosion chamber 
90 is of a small size so that the overall dimension of the device 
may be of the order of 5-10 cms in length. 

Solar panels 100 are provided to provide an energy source 
for the heating element and control of the igniter element 98 
if required. Alternatively, an onboard light weight battery 
may provide the power source. As a further alternative, con 
tinuous heat exchange from the exhaust gases can provide the 
energy to heat inlet fuel. 

FIG. 10 illustrates a cycle in the vapour explosion chamber 
as shown in FIG. 9. In this example the vapour explosion 
chamber 90 and combustion chamber are 330 microns and 
370 microns in diameter and 300 microns and 700 microns in 
length respectively. A hydrocarbon liquid fuel is vaporized in 
the vapour explosion chamber and the vapour is ejected from 
the chamber through a nozzle to the combustion chamber 
where it mixes with air. The air is introduced through a further 
inlet as shown more clearly in FIG. 11. Via an ignition device, 
which may be heator flame from a preceding cycle (as shown) 
or a separate igniter element such as a spark igniter, the 
combustion is triggered and within Some microseconds a 
flame is filling the combustion chamber. In these figures the 
colourishade contours of temperature are given at different 
times showing the development of a flame and corresponding 
temperature changes over time. Since the pressure relief exit 
valve has to be closed for some milliseconds between each 
cycle for fuel replenishment in order to keep a stable flame in 
the combustion chamber, it is preferable to use more than one 
and most preferably between 3 and 10 vapour explosion 
devices to eject fuel into the combustion chamber. The vapour 
explosion devices are positioned in away that they inject at an 
identical or close to identical point in space and in the same 
direction but having equal or otherwise selected time delays 
with respect to each other in the beginning of their injection 
times. 

FIG. 12 illustrates an ejection system 1200 for ejecting fire 
Suppressing liquid and fire Suppressing liquid vapour via a 
vapour explosion process in accordance with a further 
embodiment. An ejection chamber 1201 is formed in a neck 
region 1202 of the fire extinguisher 1200. A fluid reservoir 
1203 contains a large quantity of liquid fuel Suppressant Such 
as water. A handle 1204 is used to activate the fire extin 
guisher by a user when the existence of a fire is determined. 
Activation of the handle initiates a control unit 1205 to pro 
duce drive units for controlling opening and closing of an 
inlet valve 1206 and outlet valve 1207. Liquid and liquid 
vapour are ejected from the chamber 1201 in the direction 
shown by arrow A in FIG. 12. Drive signals from the control 
box 1205 are also used to control a power source 1208 which 
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controls an electric heater in the chamber 1201. The heater 
can be used to increase the pressure of liquid in the ejection 
chamber 1201 as described hereinabove. The liquid reservoir 
1203 is also pressurised so that liquid is rapidly replenished in 
the chamber. The pressure can be so great as to increase the 
pressure of the liquid in the ejection chamber above atmo 
spheric pressure. 

FIG. 13 illustrates how the vapour explosion technology 
can be applied in accordance with a further embodiment to 
provide a medical drug delivery apparatus and method or 
apparatus and method for clearing a blockage in a patient. 
FIG. 13 illustrates an endoscope 1300 which has a flexible 
and manoeuvrable shaft 1301 which may be located in an 
intestinal track or respiratory system or cardiovascular sys 
temportion of a human body. A distal end region 1302 of the 
flexible shaft 1301 includes a flexible tip 1303. The tip allows 
an end stop device 1400 (shown more clearly in FIG. 14) to be 
manoeuvred with respect to a patient’s body and allows the 
end of the shaft to be positioned by a Surgeon. A proximal end 
1304 of the shaft 1301 terminates in an endoscope body 
portion 1305 which includes an eye piece 1306 and openings 
1307 for auxiliary equipment. A further cable 1308 connects 
the endoscope body 1305 to an input connection 1309 which 
Supplies any required light, air, water or other needed utility to 
the endoscope. 
As shown more clearly in FIG. 14, the end of the endoscope 

1400 includes a light 1401 for illuminating a region surround 
ing the end of the endoscope for a Surgeon and a camera 1402 
for providing visual images of the region of the patient. The 
signals from the camera 1402 may be provided to the eye 
piece 1306 or outputting signals via the connection 1309 or 
via an opening 1307 So that images are displayed on a display, 
Such as an LCD screen. 
The end 1400 of the endoscope 1300 also includes a medi 

cament delivery chamber 1500 as seen more clearly in FIG. 
15. Power and control signals are supplied to the medicament 
delivery chamber 1500 via controller 1403. The liquid vapour 
material ejected from the chamber 1501 may be used accord 
ing to a number of methodologies. In one of these, the endo 
Scope may be manoeuvred to a location where medicament is 
to be dispensed at a particular location. Liquid may then be 
input into the chamber 1501 (or may already be so inserted) 
by opening inlet valve 1502 and then a heater unit 1503 
energised to raise the temperature and pressure of the liquid 
medicament. The medicament can then be dispensed when 
the pressure and/or temperature reaches a predetermined 
value ejecting vaporised medicament and liquid medicament 
at a desired location. As with all of the above-described 
embodiments, the ejection cycle may be repeated many times 
if desired. 
As an alternative, the liquid and liquid vapour ejected 

material can be used to clear a blockage in arteries and/or 
veins or the like. In this sense certain embodiments can be 
used in the bloodstream at blockages (such as in restricted 
blood flow disease due to furring of the arteries). In this case 
a water based or other neutral solution ejected by the above 
mentioned techniques may be applied longitudinally along 
the line of a blocked vein/artery to thereby unblock the block 
age. This is in addition to or replaces the present methodology 
which uses an expanding tube/balloon to clear the offending 
passage. 

According to the embodiment shown in FIG. 13, a camera 
operated by a doctor is attached to a nano vapour explosion 
device and used to put a drug in exactly the right spot where 
a malfunction has taken place. Certain embodiments are not 
restricted to intestinal use but rather could be used also in a 
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respiratory system of the main tracheal tubes and in the blood 
environment may have applications in the cardiovascular sys 
tem. 

Although the embodiments described with respect to 
FIGS. 13 to 15 have been described relating to the use of 
endoscope-like devices, embodiments of the present inven 
tion are not so restricted. Rather, certain embodiments can be 
used to deliver drugs at the desired locations by introducing a 
device in the form of a pill-like device which then moves on 
its own, for example through the bloodstream or the intestinal 
track and which is tracked by X-ray machinery with a dye and 
a scanning system so that an operator sees on the screen where 
the device has got to. A wireless signal may be then transmit 
ted to the device in the human body when a doctor determines 
that the device is at a desired location. The device would then 
eject drug or merely liquid to either deliver medicament or 
open a blocked passage at a desired location. 

FIG. 16 illustrates a liquid and liquid vapour explosion 
chamber 1600 which may be utilised according to any of the 
above-described embodiments. It will be understood that 
embodiments of the present invention are not restricted to use 
with Substantially cylindrical shaped ejection chambers. 
Rather, unusual shapes or spherical shapes or, as in the case of 
FIG. 16, heart-shaped chambers having an inlet valve 1601, 
exit valve 1602 and heater element 1603 may be utilised. 

Certain embodiments disclosed herein provide fundamen 
tal core technology relating to the use of an ejection chamber 
which ejects target matter via a vapour explosion process. By 
ejecting material via an explosive process the distance tra 
versed by the spray of liquid and liquid vapour is greatly 
increased relative to known ejection systems. Also ejection 
occurs very rapidly in the order of tens of microseconds. 

In particular embodiments, pressure in a chamber is 
increased by heating liquid in it. The liquid expands due to 
thermal expansion and therefore provides a higher pressure. 
Heating is achieved by electrical heating element or by other 
means such as via heat exchangers transferring heat from a 
local heat source into the liquid. All of the embodiments 
described above can be modified so that instead of heating 
liquid in an ejection chamber, pre-heated liquid is Supplied at 
an inlet to the chamber under high pressure. Pressure would 
be built up in the chamber by continuing to pump pre-heated 
liquid into the chamber. This could be achieved via an exter 
nal pump able to pump at high pressure. At some predeter 
mined pressure value above a pressure into which ejected 
material is to be ejected, the inlet valve would be closed and 
an exit valve opened. The instantaneous reduction in pressure 
would be calculated to instigate a vaporization process of the 
liquid by virtue of its elevated temperature with respect to its 
boiling temperature. Liquid and vapour would thus literally 
explode from the exit valve of the chamber. 

In the case of using water as a working liquid, Velocities of 
up to 20 meters per second from a chamber just under 1 mm 
in size with a chamber pressure of 1.1 bar and injecting into 
ambient pressure (1.0 bar) can be achieved. In the case of a 
hydrocarbon liquid fuel being used, velocities of up to 100 
meters per second can be achieved from a chamber about 2 
cms in size and under a pressure of 10 bar injecting into a 
combustion chamber at 6 bar (in other words a 1 bar pressure 
difference between the ejection chamber and an adjacent 
combustion chamber). 

Inlet and exit valves can be electronically controlled based 
on the pressure in the various vessels which can be easily 
monitored/measured via one or more sensors such as pressure 
transducers. When a certain pressure in the vessel is reached, 
the exit valve will open and when it falls below a second 
certain value the valve is closed. For the inlet valve this can 
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either be opened and closed when certain higher limit and 
lower limit pressures are reached in the chamber or could 
open and close in a reverse fashion with respect to the exit 
valve. That is to say, when the exit valve is opened the inlet 
valve would be controlled to close and when the exit valve 
closes the inlet valve would open. 

Throughout the description and claims of this specifica 
tion, the words “comprise and “contain” and variations of 
the words, for example “comprising and "comprises'. 
means “including but not limited to’, and is not intended to 
(and does not) exclude other moieties, additives, components, 
integers or steps. 

Throughout the description and claims of this specifica 
tion, the singular encompasses the plural unless the context 
otherwise requires. In particular, where the indefinite article 
is used, the specification is to be understood as contemplating 
plurality as well as singularity, unless the context requires 
otherwise. 

Features, integers, characteristics, compounds, chemical 
moieties or groups described in conjunction with a particular 
aspect, embodiment or example of the invention are to be 
understood to be applicable to any other aspect, embodiment 
or example described herein unless incompatible therewith. 
The invention claimed is: 
1. Apparatus for ejecting material, comprising: 
an ejection chamber arranged to hold and seal therein a 

portion of a selected liquid; 
an inlet valve arranged to selectively fully open to thereby 

transfer liquid into the ejection chamber and then fully 
close to seal the portion of liquid in the ejection cham 
ber; and 

an exit valve arranged to selectively open to eject part or all 
of the portion of liquid material from said ejection cham 
berthrough the exit valve and then through a neck region 
as liquid vapour and/or liquid when at least one param 
eter associated with said ejection chamber satisfies a 
predetermined condition, the neck region being nar 
rower in cross-sectional diameter than the ejection 
chamber Such that the liquid vapour and/or liquid are 
ejected via a vapour explosion process when the exit 
valve opens; wherein 

said exit valve is arranged to open when a temperature of 
the liquid in the ejection chamber is above a boiling 
point temperature associated with said liquid at a down 
stream position from the exit valve. 

2. The apparatus as claimed in claim 1, further comprising: 
a heater element disposed in or proximate to said ejection 

chamber and arranged to heat liquid in said ejection 
chamber. 

3. The apparatus as claimed in claim 1, further comprising: 
a pump member disposed in or proximate to said ejection 

chamber and arranged to raise a pressure in said ejection 
chamber. 

4. The apparatus as claimed in claim 1, wherein: 
said exit valve is arranged to selectively open when a pres 

Sure within the ejection chamber, said pressure compris 
ing said predetermined parameter, is raised to a prede 
termined threshold value indicating satisfaction of said 
predetermined condition. 

5. The apparatus as claimed in claim 1, wherein: 
said inlet valve is arranged to selectively open to allow 

liquid to be introduced into the ejection chamber subse 
quent to material from the chamber previously being 
ejected via opening of the exit valve. 

6. The apparatus as claimed in claim 1, wherein: 
said ejection chamber comprises a narrow neck region 

along which liquid vapour and/or liquid is ejected. 
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7. The apparatus as claimed in claim 1, wherein: 
the selected liquid is water. 
8. The apparatus as claimed in claim 1, wherein: 
the selected liquid is a flammable liquid. 
9. The apparatus as claimed in claim 8, wherein: 5 
the liquid is kerosene or petrol. 
10. The apparatus as claimed in claim 1, wherein: 
the exit valve is arranged to open when a pressure in said 

ejection chamber is 1.1 bar. 
11. The apparatus as claimed in claim 1, wherein: 
the liquid in the ejection chamber is heated above boiling 

point of that liquid at atmospheric pressure prior to the 
exit valve being opened. 

12. The apparatus as claimed in claim 1, wherein: 
said chamber diameter is in the range of 1 mm to 1 m. 
13. The apparatus as claimed in claim 1, wherein: 
said chamber is spherical in shape. 
14. The apparatus as claimed in claim 1, wherein: 
said chamber is heart-shaped. 
15. The apparatus as claimed in claim 14, wherein: 
said exit valve is located at an apex region of said heart 

shaped chamber. 
16. The apparatus as claimed in claim 1, wherein: 
said chamber is Substantially cylindrical in shape. 
17. The apparatus as claimed in claim 1, wherein the appa 

ratus narrows in cross-section from the ejection chamber to 
the neck region. 

18. Apparatus for ejecting material, comprising: 
an ejection chamber arranged to hold and seal therein a 

portion of a selected liquid; 
an inlet valve arranged to selectively fully open to thereby 

transfer liquid into the ejection chamber and then fully 
close to seal the portion of liquid in the ejection cham 
ber; and 

an exit valve arranged to selectively open to eject part or all 
of the portion of liquid material from said ejection cham 
berthrough the exit valve and then through a neck region 
as liquid vapour and/or liquid when at least one param 
eter associated with the ejection chamber satisfies a pre 
determined condition, the neck region being narrower in 
cross-sectional diameter than the ejection chamber Such 
that the liquid vapour and/or liquid are ejected via a 
vapour explosion process when the exit valve opens; 
wherein 

said exit valve is arranged to open when a temperature of 
the liquid in the ejection chamber is above a boiling 
point temperature associated with said liquid at a down 
stream position from the exit valve, and 

the liquid in the ejection chamber is heated above the 
boiling point, associated with said liquid, prior to the exit 
valve being opened. 

19. A method for ejecting material, comprising: 
holding and sealing therein a portion of a selected liquid in 

an ejection chamber, 
increasing at least one parameter of the liquid in the ejec 

tion chamber; 
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selectively fully opening an exit valve of the ejection cham 

ber when the parameter associated with the ejection 
chamber satisfies a predetermined condition; 

fully closing the exit valve to seal the portion of liquid in 
the ejection chamber; and 

ejecting part or all of the portion of liquid as liquid vapour 
and/or liquid from the ejection chamber via the exit 
valve and through a neck region downstream of the exit 
valve when a temperature of the liquid in the ejection 
chamber is above a boiling point temperature associated 
with said liquid at a downstream position from the exit 
valve, the neck region being narrower in cross-sectional 
diameter than the ejection chamber such that the liquid 
vapour and/or liquid are ejected via a vapour explosion 
process when the exit valve opens. 

20. The method as claimed in claim 19, further comprising: 
heating liquid to thereby increase a temperature of liquid 

held in the ejection chamber via a heating element dis 
posed in or proximate to the ejection chamber. 

21. The method as claimed in claim 20, further comprising: 
heating liquid in the ejection chamber prior to the step of 

opening the exit valve. 
22. The method as claimed in claim 19, further comprising: 
increasing pressure in the ejection chamber via a pump 
member disposed in or proximate to said ejection cham 
ber. 

23. The method as claimed in claim 19, further comprising: 
determining when the parameter satisfies said predeter 

mined condition and opening the exit valve responsive to 
said determination. 

24. The method as claimed in claim 19, further comprising: 
introducing the portion of selected liquid into the chamber 

via an inlet valve. 
25. The method as claimed in claim 24, further comprising 

Subsequent to introducing the portion of selected liquid, 
selectively closing the inlet valve to thereby hold the portion 
of selected liquid in the ejection chamber. 

26. The method as claimed in claim 19, further comprising: 
Subsequent to ejection of liquid vapour and/or liquid from 

the ejection chamber, selectively closing the exit valve. 
27. The method as claimed in claim 19, further comprising: 
preheating liquid Supplied to the inlet valve prior to intro 

duction into the ejection chamber. 
28. The method as claimed in claim 19, further comprising: 
monitoring pressure in the ejection chamber via at least one 

pressure sensor. 
29. The method as claimed in claim 19, further comprising: 
heating the liquid in the ejection chamber to a temperature 

above the boiling point temperature associated with said 
liquid at a pressure equal to a pressure of a gas located at 
a downstream position from the exit valve. 

30. The method as claimed in claim 19, further comprising: 
ejecting liquid vapour and/or liquid as a spray having a 

throw greater than 20. 
31. The method as claimed in claim 19, further comprising: 
ejecting liquid vapour and/or liquid as a spray having a 

throw greater than 100. 
k k k k k 


