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Add bonding agent and 
mix at low shear 

Add thermic agent and 
continue mixing at low 
shear 

Mix carrier-fluid and 
rheology modifier(s) at 
high shear 

Allow fluid to cool 
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Add oxidiser and continue 
mixing at low shear until 
homogenisation and 
reaction between 
constituents is complete 
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VISCOUS LIQUID MONOPROPELLANT 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/452,559, filed Mar. 14, 2011, the 
entire disclosure of which is incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The invention relates to propellants used in devices 
requiring rapid gas generation and in particular to a Viscous 
Liquid Monopropellant (VLM) and/or to a rocket motor and 
fuel system utilising the VLM. 

BACKGROUND TO THE INVENTION 

0003 Chemical propellants are used extensively for 
rocket propulsion and gas generating systems. Traditionally 
Solid and liquid chemical rocket propellants have been the 
primary means of powering rockets and missiles. 
0004 Typical rocket propellants are comprised of oxidiser 
(s) and fuel(s) in varying proportions to provide the required 
characteristics for a particular application. 
0005. In solid propellants, the fuel and oxidiser are stored 
in the same vessel with a portion of the fuel often acting as the 
means to bind its constituents together into a solid mass. This 
component is known as a binder fuel and typically comprises 
10-20% of the mass. Binder-fuels traditionally used in solid 
propellant formulation are based on polybutadiene chemistry, 
with recent developments leading to binder-fuels based on 
glycidyl azide polymers. Other fuel binders include nitrocel 
lulose plasticised with nitroglycerine, known as double based 
propellants. 
0006 Solid rocket propellants will often contain other 
additives including; thermic agents, high energy additives, 
bonding agents, curing catalysts or inhibitors, Surfactants/ 
emulsifiers and antioxidants. These additives are typically in 
the form of solids (usually fine powders), and/or non-volatile 
liquids which can be mixed together and then either (a) 
extruded or (b) undergo a chemical reaction to form the 
desired geometry of the final product (known as a grain.) 
0007. The chemistry of liquid propellants, by comparison 

is generally much simpler than Solid propellants, often com 
prising of only one or two components. Hydrazine, liquid 
oxygen-liquid hydrogen (LOX-LEI) and liquid oxygen 
kerosene (LOX/JP-1) are typical examples of this type of 
propellant. Liquid Propellants have their oxidiser(s) and fuel 
(s) stored in separate reservoirs which are intimately mixed 
with each other just prior to ignition. On a weight for weight 
basis, liquid fuels are significantly more powerful than their 
Solid fuel counterparts. 
0008 Both traditional solid and liquid propellants have 
serious drawbacks which in some contexts prevent or seri 
ously hamper their use. 
0009. With time, solid propellants will degrade via chemi 
cal and/or mechanical means which can lead to their failure 
during deployment, often with catastrophic consequences. 
Another drawback of solid rocket propellants is that the 
power output is predetermined by the geometry of the grain, 
and once ignited, they are not easily or reliably shut down or 
restarted if shutdown was successful. Solid propellants are 
often sensitive to heat, light, friction, and shock, and may 
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ignite or explode unexpectedly if Subjected to these condi 
tions either at the time, or subsequently when attempted to be 
fired. 
0010 Liquid fuelled propellants suffer from three major 
drawbacks. Unlike solid propellants, at least one component 
of liquid propellants is a cryogenic liquid, requiring filling at 
a site shortly before use. In addition, expensive and heavy 
injection systems are required to homogeneously mix mul 
tiple liquid components just prior to combustion in a consis 
tent, reproducible manner. Liquid propellants Suffer from a 
very low density resulting in the need for large Volume tanks 
being required to hold a relatively small mass of propellant. 
0011. As the name Suggests, hybrid propellant systems 
were developed as a combination of the two systems. Like 
liquid fuelled rockets, hybrid systems have their fuel and 
oxidiser Stored in separate compartments, however they exist 
in separate states of matter which are combined in the com 
bustion chamber just prior to ignition. They are mechanically 
simpler and use denser fuels than liquid systems, and can be 
throttled, shut down and can potentially be restarted. 
0012 Even in view of the forgoing, hybrid propellant sys 
tems are far from ideal. The densities are still significantly 
less than Solid propellants, and the system usually requires 
complex engineering to ensure the oxidiser:fuel ratio stays 
constant during propellant burn. 
0013. In summary, conventional solid & liquid propellant 
systems have considerable drawbacks. Solid propellants have 
little flexibility in operational output while liquid propellants 
have launch readiness and design drawbacks. Current alter 
native approaches, such as hybrid propellant systems, have 
not been able to completely remedy the problems associated 
with the earlier technologies. 
0014. It is an object of the present invention to provide an 
alternative form of propellant and, in particular, a viscous 
liquid monopropellant that overcomes at least some of the 
limitations of the abovementioned propellants, or which at 
least provides the public with a useful choice. 

SUMMARY OF THE INVENTION 

0015. In a first aspect the invention may broadly be said to 
consist of a Viscous liquid monopropellant (VLM) compris 
ing: 

0016 a) aliquid carrier-fluid present in an amount rang 
ing from about 5% to 80% by mass, and 

0017 b) a solid fraction ranging from about 20% to 
95% by mass dispersed, suspended or emulsified in the 
carrier fluid. 

0018. The carrier-fluid may comprise one liquid carrier or 
a combination of liquid carriers. 
0019 Preferably the carrier-fluid is present in an amount 
ranging from about 15% to 65% by mass. More preferably the 
carrier-fluid is present in an amount ranging from 20% to 40% 
by mass. 
0020 Preferably the solid fraction is present in an amount 
ranging from 35% to 85% by mass. More preferably the solid 
fraction is present in an amount ranging from 60% to 80%. 
0021 Preferably the carrier-fluid comprises at least one 
fuel component and the Solid fraction comprises one or more 
primary oxidiser(s). The solid fraction may also comprise one 
or more fuel components. 
(0022 Preferably the VLM further comprises any combi 
nation of 
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0023 a) a high-energy oxidiser additive(s) or substitute 
or combination thereof present in an amount ranging 
from less than 1% to about 90% by mass, 

0024 b) a thermic agent or combination of thermic 
agents present in an amount ranging from less than 1% to 
about 25% by mass, 

0025 c) a surfactant or combination of surfactants 
present in an amount ranging from less than 1% to about 
20% by mass, 

0026. d) a bonding agent or combination of bonding 
agents present in an amount ranging from less than 1% to 
about 10% by mass, 

0027 e) a rheology modifier or combination of rheol 
ogy modifiers present in an amount ranging from less 
than 1% to about 10% by mass, 

0028 f) a burn rate modifier or combination of burn rate 
modifiers present in an amount ranging from less than 
1% to about 10% by mass, and 

0029 g) a dissolved gas or gases, to aid dispersion and 
combustion, in an amount ranging from less than 1% to 
about 25% by mass. 

0030 Preferably the carrier-fluid has a surface tension 
below approximately 30 dynes/cm and a viscosity from about 
50 to 5000 centistokes at standard temperature and pressure 
(STP). 
0031. The carrier-fluid may be organic or inorganic or a 
combination thereof. 
0032. The carrier-fluid may act as an oxidiser or as a fuel 
or both. 
0033 Preferably the carrier-fluid includes any one or more 
of silicone fluids, paraffin oils or synthetic oils, such as poly 
alphaolefins and perfluorinated liquids. 
0034 Preferably the VLM is a thixatropic fluid. 
0035. Preferably the solids fraction comprises the primary 
oxidant component(s). 
0036 Preferably the primary oxidant component(s) is/are 
selected from oxidisers including ammonium perchlorate, 
ammonium nitrate, hydroxylamine nitrate, ammonium dinit 
ramide, hydrazinium nitroformate and hydrogen peroxide. 
0037 Preferably the high energy additive or oxidant sub 
stitute component(s) have the following general formulae 
(either): 

O 
O.N-R ON1R 

0038. Where R is a moiety selected from a single example 
or a combination of C to Co alkyl, branched alkyl, 
cycloalkyl, hydroxyl, alkoxy, alkylamine, alkylhalide; carbo 
nyl in ketones, esters, and/or amides; nitro, nitrate ester, nit 
ramide, azo, azide, aryl, Substituted aryl, and/or heterocylic 
ring systems and any salts of the aforementioned. 
0039 Preferably the thermic agent(s) is/are selected from 
metals including aluminium, magnesium, boron, beryllium, 
silicon, Zirconium, and alloys of these, either alone or in 
combination. 
0040 Preferably the surfactant(s) is/are selected from 
agents including polysorbates Such as Polyoxyethylene (20) 
Sorbitan monooleate, alkylphenylethoxylates, alcohol 
ethoxylates, soya lecithin or derivatives thereof, solutions of 
polycarboxylic acid salts of polyamine amides, acidic poly 
esters or polyethylene glycols (PEGs) of molecular weight no 
more than 5,000 g/mol. 
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0041 Preferably the bonding agent(s) is/are selected from 
agents including 3.5-bis(2-ethylaziridine-1-carbonyl)phe 
nyl-(2-ethylaziridin-1-yl) methanone, 1,1-Isophthaloyl bis 
(2-methylaziridine), amodimethicone, vinyl ether deriva 
tives, and amine-substituted alkanes, alcohols, 
polyoxyethylenes or polyoxypropylenes of molecular weight 
no more than 5,000 g/mol. 
0042 Preferably the rheology modifier(s) is/are selected 
from agents including castor oil derivatives, organoclay 
derivatives, modified urea and fumed silica. 
0043 Preferably the burn rate modifier(s) is/are selected 
from agents including iron (III) oxide (Fe2O), copper(II) 
chromite (2CuO.CrO), cupric oxide (CuO), chromium(III) 
oxide (Cr2O), Vanadium (V) pentoxide (VOs), and organo 
metallic transition metal coordination complexes such as fer 
rocene and other cyclopentadienyl or other isoelectronic (cf. 
cyclopentadienyl) ring system complexes, the cyclopentadi 
enyl or other rings as described being Substituted or not, 
symmetrical or non-symmetrical. 
0044 Preferably the dissolved gas is used for means of 
fluid dispersal, atomisation and combustion enhancement. 
0045 Preferably the dissolved gas is dinitrogen monoxide 
(nitrous oxide). 
0046. The second aspect of this invention relates to the 
particular physiochemical properties of both the liquid and 
Solid fractions required to achieve constant reproducible 
power. In the preferred embodiment, the propellant is a thixa 
tropic fluid with a low surface tension which provides optimal 
properties during storage, pumping, atomisation and combus 
tion. 
0047. In one embodiment, the VLM comprises a 70% 
Solids fraction consisting of 20 micron spherical aluminium 
and 200 micron spherical ammonium perchlorate. This 
embodiment also contains a liquid fraction consisting of 
28.4% polydimethicone and 1% amodimethicone. 
0048. In the third aspect, the invention may be broadly said 
to consist of a rocket propulsion system utilising the VLM 
propellant for the purposes of providing thrust and/or attitude 
control to vehicles and comprising: 

0049 a) a propellant tank for containing VLM propel 
lant, 

0050 b) a propellant feed system for transporting the 
VLM propellant from the tank at suitable pressures and 
flow rates, 

0051 c) a combustion chamber for receiving the pro 
pellant from the tank and burning it to generate combus 
tion by-products, 

0.052 d) an injector system at one end of the combustion 
chamber for injecting the propellant into the combustion 
chamber, 

0.053 e) an ignition system to initiate the combustion of 
propellant within the combustion chamber, and 

0.054 f) a nozzle at another end of the combustion 
chamber for the acceleration and exit of the combustion 
by-products thereby providing thrust. 

0055 One of the central principles of a VLM motor is that 
the rate of combustion of the propellant must be slower than 
the rate that it is introduced into the combustion chamber. To 
ensure this, the pressure of the plenum must be greater than 
the pressures generated in the combustion chamber, if not 
blowback may occur, resulting in catastrophic failure. 
0056 Preferably the propellant tank is sealed. Preferably 
the propellant feed system incorporates a valve to regulate the 
flow of propellant out of the tank. 
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0057 Preferably the propellant feed system utilises pres 
Surised gas acting on the propellant to transport the propellant 
to the combustion chamber. Preferably, the pressurised gas 
acts to transport the propellant to the combustion chamber 
using either an expanding bladder or a movable piston. This 
pressurised gas may be provided from a dedicated reservoir or 
from a gas generator motor. Combustion by-products from 
the primary combustion chamber may also be used to con 
tribute towards the required pressurised gas. 
0058 Alternatively the propellant feed system uses amov 
able piston driven by mechanical means such as linear 
motors, pneumatic/hydraulic rams, screws or other Suitable 
mechanisms in order to transport the propellant to the com 
bustion chamber. In yet another alternative, the propellant 
feed system utilises mechanical pumps, including but not 
limited to turbopumps, to transport the propellant to the com 
bustion chamber. 
0059 Preferably the combustion chamber incorporates an 
ablative insulation liner on the inside of the combustion 
chamber for thermal management. Alternatively or in addi 
tion, a liquid coolant is provided Surrounding the chamber 
walls. Preferably the injector system is designed such that the 
VLM propellant stream can be broken up and atomised into 
small droplets. Preferably the nozzle is of the convergent 
divergent (de Laval) type. Preferably the ignition system is 
capable of operating multiple times, thereby providing the 
ability to restart the propulsion system multiple times. 
0060. In one embodiment a sub-orbital airborne missile 
utilising the propulsion System comprises: 

0061 a) a body for housing the propulsion system, and 
0062 b) a control system for controlling the operation 
of the propulsion system. 

0063 Preferably the control system comprises one or 
more thrust chambers spaced around the body for controlling 
the trajectory/attitude of the missile. Preferably the thrust 
chambers utilise the VLM propellant out of the same tank as 
the propulsion system. 
0064. In a second embodiment an orbital launch vehicle 
utilising the propulsion system comprises a body having two 
or more stages separable during flight, and wherein one or 
more of the stages utilise the propulsion system for primary 
thrust. 
0065. In a third embodiment a spacecraft utilising the pro 
pulsion system comprises: 

0.066 a) a body coupled to the propulsion system, and 
wherein the propulsion system comprises of one or more 
thrust chambers radially spaced around the body for 
attitude control/manoeuvring of the spacecraft, and 

0067 b) a control system for controlling the operation 
of the above-mentioned propulsion system. 

0068 Preferably each thrust chamber is associated with 
separate feed and ignition systems and all thrust chambers are 
associated with the same propellant tank. 
0069. In a fourth aspect the invention may broadly be said 
to consist of a method of forming a VLM comprising the step 
of dispersing, Suspending, bonding or emulsifying a solid 
fraction in a carrier-fluid wherein the carrier-fluid is present in 
an amount ranging from about 5% to 80% by mass, and the 
Solid fraction is present in an amount ranging from about 20% 
to 95% by mass. 
0070 The term “carrier-fluid as used in this specification 
and claims means the base fluid of the VLM mixture used to 
carry the components of the mixture and can consist any one 
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or more constituents in the liquid phase (liquid carriers) com 
bined to form the carrier-fluid. 
0071. The phrase “solid fraction' as used in this specifi 
cation and claims means the one or more constituents of the 
VLM mixture that are in the solid phase. 
0072 The phrase “liquid fraction” as used in this specifi 
cation and claims means the one or more constituents of the 
VLM mixture that are in the liquid phase. 
0073. The term “comprising as used in this specification 
and claims means "consisting at least in part of. When inter 
preting each statement in this specification and claims that 
includes the term “comprising, features other than that or 
those prefaced by the term may also be present. Related terms 
such as “comprise' and “comprises' are to be interpreted in 
the same manner. 
0074. It is intended that reference to a range of numbers/ 
percentages disclosed herein (for example, 1 to 10) also incor 
porates reference to all rational numbers within that range 
(for example, 1, 1.1, 2, 3, 3.9, 4, 5, 6, 6.5, 7, 8, 9 and 10) and 
also any range of rational numbers within that range (for 
example, 2 to 8, 1.5 to 5.5 and 3.1 to 4.7) and, therefore, all 
Sub-ranges of all ranges expressly disclosed herein are hereby 
expressly disclosed. These are only examples of what is spe 
cifically intended and all possible combinations of numerical 
values between the lowest value and the highest value enu 
merated are to be considered to be expressly stated in this 
application in a similar manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0075 Preferred embodiments of the invention will be 
described by way of example only and with reference to the 
drawings, in which: 
0076 FIG. 1 is a flow-diagram showing the steps of form 
ing the preferred form VLM mixture of the invention, 
0077 FIG. 2a is a cross-section of a propulsion unit for 
utilizing the VLM of the invention, 
0078 FIG.2b is a perspective cutaway view of the propul 
sion unit of FIG. 2a, 
007.9 FIG. 3 is a perspective cutaway view of a missile for 
utilizing the propulsion unit of FIGS. 2a and 2b, and 
0080 FIG. 4 is a perspective view of a spacecraft utilizing 
the propulsion unit of FIGS. 2a and 2b. 

DETAILED DESCRIPTION OF THE INVENTION 

I0081. The invention is directed to the use of liquid multi 
component monopropellants as chemical reactive media for 
application in rocket engines for the means of propulsion or 
reaction control in rockets or missiles, or alternative rapid gas 
generation applications. 
0082. The invention also relates to the construction of a 
rocket motor and fuel system thereof and, in particular to a 
new and useful monopropellant rocket motor containing a 
liquid propellant that is pumped into the combustion chamber 
via chemical or mechanical means, atomised and then 
ignited. The atomisation step significantly increases the Sur 
face area of the propellant, therefore improving the efficiency 
of combustion. 
I0083. The preferred form VLM is a non-Newtonian fluid 
containing both oxidisers and fuels. These monopropellants 
are comprised of a variety of liquid and Solid components, 
mixed together to form a homogenous fluid, although hetero 
geneous in composition. The Solid constituents are retained 
within the liquid phase by dispersion, Suspension, bonding or 
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chemical emulsification techniques, so as when a motive 
force is applied to the propellant, all the constituents are also 
transported, and held in correct proportion whilst doing so. 
0084. A solid or liquid oxidiser is dispersed in a low sur 
face tension carrier-fluid (optionally along with other addi 
tives) with a viscosity between 50 and 50000 centistokes at 
Standard Temperature and Pressure (STP). The solid phase is 
dispersed, Suspended, bonded or chemically emulsified in the 
carrier fluid. This propellant is used as required in applica 
tions such as in rocket motors where it can be injected into a 
combustion chamber similar to what is found in traditional 
liquid propellants, generating high temperature gases which 
can be accelerated and expelled through a rocket nozzle to 
produce thrust for propulsion applications (the details of 
which are known to those skilled in the art) or any other 
application where controllable and rapid gas generation is 
required. Only minor modifications to the hardware of liquid 
fuelled motors are required for conversion to VLM propel 
lants, and provisions for effective, consistent separate oxi 
diser-fuel mixing required in liquid rockets are Superfluous in 
VLM motorS. 
0085. The propellants within the scope of the present 
invention are capable of combustion within a combustion 
chamber, once introduced from a reservoir through an injec 
tor designed to maximise the available Surface area for com 
bustion by means of atomisation or other fine dispersal. Once 
combusted, the gases may, as with other propellants in a 
manner known to those skilled in the art, be directed out of a 
rocket nozzle to produce propulsive power, or in any other 
application which requires rapid, controllable gas generation 
on demand. 
I0086. These propellants are comprised of a variety of liq 
uid and solid components, mixed together to form a homog 
enous fluid, although heterogeneous in composition. Where 
applicable, the Solid constituents are held in Suspension, 
emulsion or dispersion in the liquid, so as when a motive force 
is applied to the propellant fluid, all the constituents are also 
transported, and held in correct proportion whilst doing so. 
I0087. The VLM of the invention comprises a carrier-fluid 
present in an amount ranging from about 5% to 80% by mass, 
and a solid fraction present in an amount ranging from about 
20% to 95% by mass dispersed, suspended or emulsified in 
the carrier fluid. 
0088. In one embodiment the carrier-fluid is present in an 
amount ranging from about 15% to 65% by mass and more 
preferably the carrier-fluid is present in an amount ranging 
from 20% to 40% by mass. 
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I0089. The solid fraction is preferably present in an amount 
ranging from 35% to 85% by mass and more preferably the 
Solid fraction is present in an amount ranging from 60% to 
80%. It is preferred that the solids fraction is kept above about 
60% by mass as experimental results have found that flam 
mable carriers are required to aid ignition when the liquid 
fraction drops below about this concentration. 

Carrier Fluid 

0090. The base fluid, a carrier-fluid, is a low surface ten 
sion fluid with a surface tension preferably below 30 dynes/ 
cm at STP and a viscosity preferably between 50 and 50000 
centistokes and very preferably between 100 and 5000 cen 
tistokes at STP which is combusted by oxidants in the pro 
pellant. The Surface tension and Viscosity may be modified 
with surfactants and/or rheology modifiers by those skilled in 
the art to achieve the desired characteristics. The low surface 
tension of the carrier fluid may also be attained in a carrier 
fluid with a surface tension above 30 dynes/cm at STP when 
modified with surfactant(s). 
0091 Experimental results have found that it is difficult to 
achieve a pumpable fluid with high Solids loadings unless 
these parameters are met. The low Surface tension also acts to 
eliminate any foam generated during production and 
improves atomisation. A high shear viscosity is dependent on 
the propellant formulation but preferably needs to be between 
100 cSt and 1000 cSt at 10000s' at STP to avoid the carrier 
being eluted from the propellant during pumping. 
0092. The carrier-fluid may be organic or inorganic in 
nature or combinations thereof and may act as an oxidiser 
and/or a fuel. The carrier-fluid may comprise one liquid car 
rier fluid component or a combination of liquid carriers. The 
carrier-fluid may be organic or inorganic in nature or combi 
nations thereof. It is preferred that the surface tension of all 
the liquid carrier constituents when combined is below 
approximately 30 dynes/cm and the viscosity of all liquid 
carrier constituents when combined is from about 50 centis 
tokes to 50000 centistokes at STP. 

0093. The carrier fluid may include, but is not limited, any 
one or more of the following liquid carrier constituents: sili 
cone fluids, paraffin oils, polyalphaolefins and perfluorinated 
liquids. 
0094. Examples of suitable carrier fluids/liquid carriers 
can be found in the table below: 

Me Me Dimethicone 
R = methyl 

R-i-o —o i 
Me Me Me pi 

y 
Me —o 

Me 

Me Me Amodimethicone 

S-O - Me 

Me 
pi iii. 
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-continued 
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Trimethylsiloxyphenyl dimethicone 

y 
s S 

Phenyl dimethicone 

y y 
M--o so -O –M 

Me Me O Me pi 

SiMes 
iii. 

CH3 CH3 CH3 

CH, -Si-O-(-Si-O-(-Si-O--Si-CH, 

CH CH CH CH 

Diphenyl dimethicone 

CH CH3 CH 

CH, -Si-O--Si-O-, -Si-O--Si-CH, 

CH CH CH 

Trifluoropropyl dimethicone 

F - -F 

fl. 
it (i \ is 

cit-i-o —o –ct 
CH3 CH3 pi (2) 

(2) indicates text missing or illegible when filed 

0095. The use of carrier fluids that contain oxidising func 
tionality either along the backbone or in pendant groups. Such 
as, but limited to; ethers, nitro, azo, carbonyl or halogens are 
preferred to reduce the solids fraction of the propellant. This 
decreases the chance of elution of the liquid from the propel 
lant during storage and pumping. 
0096. It is preferred that the carrier fluid is not the primary 
oxidiser. 
0097. To improve the long term stability of the primary 
oxidant as well as aiding ignition, it is preferred that less than 
5% water can dissolve into the carrier fluid. 
0098. When utilised in terrestrial environments, it is pref 
erable for carrier fluids to have a freezing point below -10°C. 
and boiling points above 80°C., as well as low vapour pres 
Sure to reduce operational and engineering constraints. 
Primary Oxidants 
0099. The primary oxidant(s) or oxidising agent(s) can be 
any Substance or combination of Substances that liberate oxy 
gen for the combustion of the fuel. 

0100. The primary oxidant component(s) can be selected 
from oxidisers including but not limited to ammonium per 
chlorate, ammonium nitrate, hydroxylamine nitrate, ammo 
nium dinitramide hydrazinium nitroformate and hydrogen 
peroxide. Preferably, these oxidisers provide the primary oxi 
dative capacity, but may be partially or completely substituted 
with high energy additives. 
0101 Crystalline re-arrangement with temperature fluc 
tuations will not degrade the VLM. As a result, phase stabi 
lisation of an oxidiser Such as, but not limited to, ammonium 
nitrate is not necessary. 

High Energy Additives or Oxidant Substitutes 

0102 Nitromethane, nitroethane, other nitroalkanes and 
nitroalkenes, and well-known high-energy additives such as 
RDX or HMX can be used as a partial or complete replace 
ment of the aforementioned carrier fluid or oxidant compo 
nent depending on the state of matter and rheological prop 
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erties, for purposes including but not limited to the 
modification of burn-rate, propulsion performance (namely, 
specific impulse; Is), gas generation, density improvement, 
reduced heat signature and improvements to the rheology 
profile. 
0103) When using liquid oxidant substitutes such as 
nitromethane or nitroethane care must taken in selecting a 
carrier fluid(s) with the same solubility parameters otherwise 
phase separation may occur. When using these additive(s), 
parameters such as low water solubility of the carrier fluid 
may need to be sacrificed to ensure good compatibility. 
0104. The high energy additive or substitute component(s) 
may have the following general formulae (either one of): 

O O.N-R ON1 y 

where R is a moiety selected from a single example or a 
combination of C to Co alkyl, branched alkyl, cycloalkyl, 
hydroxyl, alkoxy, alkylamine, alkylhalide; carbonyl in 
ketones, esters, and/or amides; nitro, nitrate ester, nitramide, 
aZo, azide, aryl, Substituted aryl, and/or heterocylic ring and 
any salts of these. 
0105. In addition, R includes coordination complexes 
with coordination ligands formed from the aforementioned 
range of compounds, and salts of these. Preferably, the total 
number of carbons is limited to 20. The R chain may be 
unsaturated at various points along alkyl branched or non 
branched chains, as with the binder-fuel component(s). 
0106. In the case where a high energy substitute/additive 
can act as a partial or full replacement of the carrier fluid or 
oxidant, the VLM of the invention can broadly be described to 
consist of mixture comprising any combination of two or 
more of: 

0107 (a). a solid or liquid primary oxidant or combina 
tion of oxidants in an amount ranging from about 5% to 
90% by weight, or 

0.108 (b). a liquid binder-fuel or combination of binder 
fuels present in an amount ranging from about 5% to 
50% by weight, or 

0109 (c). a high-energy oxidiser additive or substitute 
or combination thereof present in an amount ranging 
from about 5% to 90% by weight. 

Surfactants 

0110 Surface active agents (surfactants) are compounds 
that lower the surface tension of a liquid, the interfacial ten 
sion between two liquids, or that between a liquid and a solid. 
The use of surfactants in VLM can reduce the viscosity, 
improve atomisation and eliminate agglomeration and/or 
phase separation. 
0111. The surfactant(s) is/are selected from agents includ 
ing but not limited to polysorbates (polyethoxylated sorbi 
tans) such as 3,5-bis(2-ethylaziridine-1-carbonyl)phenyl 
(2-ethylaziridin-1-yl) methanone (Tween 80), alkylphenol 
ethoxylates such as Triton X 100, alcohol ethoxylates such as 
Teric 12A23, soya lecithin or derivatives thereof such as 
Colorol E, solutions of polycarboxylic acid salts of 
polyamine amides such as Antiterra 204, acidic polyesters 
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such as Antiterra U or polyethylene glycols (PEGs) of 
molecular weight no more than 5,000 g/mol. 

Thermic Agents 

0112 Thermic agents in the form of powdered metals 
including but not limited to aluminium, magnesium, boron, 
beryllium, silicon, Zirconium, and alloys thereof can be uti 
lised in VLM propellants, either alone or in combination, for 
the purposes of acting as a means to increase the thermal 
output, providing additional combustion heat for the 
improvement of propulsion performance (Ise) and increase in 
composition density. 

p Bonding Agents 

0113 Bonding agents can be used to improve the compat 
ibility of major Substituents. Two requirements make a good 
bonding agent for VLM: firstly it must be a weaker base than 
the neutralised cation of any salts present, and secondly; it 
must contain functional groups that are compatible with the 
carrier fluid. The use of bonding agents is especially preferred 
when salts are dispersed into low polar or non polar fluids. 
0114. The bonding agent(s) is/are selected from agents 
including but not limited to triethanolamine, triethylamine, 
methanones such as 3,5-bis(2-ethylaziridine-1-carbonyl) 
phenyl-(2-ethylaziridin-1-yl) methanone, acyl aziridines 
such as 1,1-Isophthaloyl bis(2-methylaziridine), vinyl ether 
derivatives, amodimethicones and amine-substituted poly 
oxyethylenes or polyoxypropylenes of molecular weight no 
more than 5,000 g/mol. 

Rheology Modifiers 

0115 Rheology modifiers can be split into two broad 
classes; associative and non associative. As the name Sug 
gests, associative thickeners interact with other constituents 
in the fluid to produce a three-dimensional network, whilst 
non associative thickeners work by either swelling or by 
absorbing high Volumes of fluid, leading to partial or com 
plete flocculation of the system. Both families of rheology 
modifiers can produce thixatropic or pseudoplastic fluids, 
which is preferred in VLM fluids as these profiles have mini 
mal effect on pumping and atomisation but reduce or elimi 
nate settling during storage. 
0116. The rheology modifier(s) is/are selected from agents 
including but not limited to castor oil or derivatives thereof, 
polyamide or derivatives thereof, bentonites and other orga 
noclays, modified urea and fumed silica. 

Dissolved Gas 

0117 Depending on the composition of the carrier fluid, 
gases can be incorporated into VLM. There are a number of 
advantages in doing this including; acceleration ofburn-rate, 
improved atomisation of the Solids and liquids, improved 
propulsion performance (Is), and decreased solids fraction. 
0118 When exposed to an appropriate increase in tem 
perature and/or decrease in pressure, fluids with high vapour 
pressures will boil, which greatly increases the available sur 
face area for combustion. This results in increased combus 
tion efficiencies, simplified injector design and reduces the 
residence time. The use of oxidising gases dissolved in the 
monopropellant is especially favourable in formulations that 
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contain a carrier fluid low in oxygen, nitrogen or halogen 
groups. An example of a preferred gas is dinitrogen monoxide 
(nitrous oxide.) 

Burn-Rate Modifiers 

0119 VLM propellants can include burn-rate modifier(s) 
which accelerate or stabilise the combustion of propellants. 
Burn rate modifiers such as transition metal oxides or orga 
nometallic complexes are well known for altering the ballistic 
properties in Solid rocket propellants and can be readily used 
in VLM. This can result in increased combustion efficiency 
and hence performance. 
0120. The burn rate modifier(s) is/are selected from agents 
including but not limited to iron (III) oxide (Fe2O), copper 
(II) chromite (2CuO.CrO), cupric oxide (CuO), chromium 
(III) oxide (CrO), Vanadium (V) pentoxide (VOs), and 
organometallic transition metal coordination complexes such 
as ferrocene and other cyclopentadienylbased chemistries, or 
other rings as described being Substituted or not, symmetrical 
or non-symmetrical. 

Embodiment of the VLM Formulation Example 
0121. An embodiment of this concept was prepared for 
use in a VLM rocket motor. The formulation was comprised 
of the following constituents, and was mixed in the following 
order: 

Addition Order Compound ingredient Proportion (%) 

1 Polydimethylsiloxane (Carrier-fluid) 28.4% 
2 Castor Oil Derivative (thickener) O.6% 
3 Amidomethicone (Bonding Agent) 190 
4 Aluminium powder, spherical, 20 m 10% 

(Thermic Agent) 
5 Ammonium perchlorate, spherical, 60.0% 

200 m (Oxidant) 

The liquid fraction comprises Polydimethylsiloxane (carrier 
fluid), castor oil derivative (rheology modifier) and amidome 
thicone (bonding agent). The solid fraction comprises alu 
minium powder (thermic agent) and ammonium perchlorate 
(oxidiser). Mix times vary accordingly to batch size; how 
ever, in the above example and for a batch size of 100 grams, 
(and referring to FIG. 1) components 1 and 2 were mixed at 
high shear in a high speed dissolver for 15 minutes at 80°C. 
(step 10). The fluid was then allowed to cool to ambient 
temperature (step 11). Component 3 was then added and 
mixed for 2 minutes at low shear (step 12) before the addition 
of component 4. The mix was then left for 5 minutes at low 
shear (step 13) before component 5 was added. The propel 
lant was then left to mix for a further 20 minutes at low shear 
to insure good homogenisation and a complete reaction of the 
Amidomethicone bonding agent with the ammonium ion on 
surface of the oxidiser (step 14). 

Applications 

0122 Rocket propulsion methods and systems utilising 
chemical propellants are used in a range of civil and military 
applications including missiles, launch vehicles, satellites 
and other spacecraft. These systems are used in a number of 
roles including the provision of primary propulsive thrust, 
attitude-control and Station-keeping duties. 
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(0123. The invention benefits from the characteristics of 
the VLM propellant and provides an improved propulsion 
system with a number of advantages over conventional 
chemical rocket propulsion methods: 

0.124. The propellant is pre-combined under controlled 
manufacturing conditions, so proportions will remain 
nominal 

0.125 Non-cryogenic and stable to store when mixed 
0.126 High density, resulting in reduced storage volume 
0.127 Can be pre-tanked and ready for launch, like 
existing solid rocket motors 

0128. Alternatively, can be tanked on the pad ifrequired 
0129. Thrust level or gas generation rate can be varied 
0.130. The engine can be shutdown and restarted 
0131 VLM propellants can be formulated to exhibit 
lower shock sensitivity than traditional composite Solid 
propellants, thereby simplifying the design offeed sys 
tems such as injectors, valves, etc., and also improving 
safety for operators and whilst in storage 

0.132 Salts that have a number of crystalline geometries 
with large variations in density. Such as but not limited to 
ammonium nitrate, do not need to be phase stabilised 

I0133. The VLM propellant can also be produced using 
existing Solid propellant manufacturing infrastructure, and 
the systems that it can be used in are readily adaptable from 
existing examples of liquid fuelled designs. 
I0134. The following is a description of various applica 
tions in which the VLM of the present invention can be used 
in. Other applications requiring rapid gas generation may also 
utilise the VLM propellant of the invention. 

Rocket Motor Utilising VLM Propellant 
0.135 Referring to FIGS. 2(a) and 2Gb), a rocket propul 
sion system 100 for the purposes of providing thrust to 
vehicles such as missiles, orbital and sub-orbital launch 
vehicles, satellites and other spacecraft is shown. The propul 
sion system comprises a suitable propellant tank 110 for 
containing VLM propellant, a propellant feed system 120 for 
transporting the VLM propellant from the tank at suitable 
pressures and flow rates, a combustion chamber 130 where 
the propellant is burned, a suitable injector system 140 at one 
end of the above-mentioned combustion chamber for inject 
ing the propellant into the combustion chamber, a Suitable 
nozzle 150 at another end of the combustion chamber for the 
acceleration and exit of combustion by-products thereby pro 
viding thrust, and a suitable ignition system 160 to initiate the 
combustion of propellant within the combustion chamber. 
0.136 The propellant tank 110 is sealed, to prevent mois 
ture and other components from contaminating the propel 
lant, thereby allowing long-term storage of the propellant if 
necessary. The propellant feed system 120 incorporates a 
valve 121 that can regulate the flow of propellant out of the 
tank. The propellant feed rate is preferably high enough that 
it exceeds the burn rate of the propellant. A valve can also be 
incorporated for allowing throttling of propellant flow, 
thereby providing a method for varying thrust and/or gas 
generation rate. Either valve 121 or a separate valve in the 
feed system 120 can be provided for controlling throttle. 
0.137 The propellant feed system in one embodiment uti 
lises pressurised gas through line 122 to act on the propellant 
to transport the propellant to the combustion chamber. The 
pressurised gas is therefore at a higher pressure than the 
pressure in the chamber. The pressurised gas 122 may be in 
Some part combustion by-products of Suitable propellant. 
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Such combustion by-products may in some part be from the 
combustion chamber 130 itself. The pressurised gas 122 does 
not physically contact the VLM propellant but rather via a 
Suitable expanding bladder or movable piston (not shown). 
0.138. In alternative embodiments the propellant feed sys 
tem 120 uses a movable piston driven by mechanical means 
Such as linear motors, pneumatic/hydraulic rams, screws or 
other Suitable mechanisms in order to transport the propellant 
to the combustion chamber. 
0.139. In yet another alternative embodiment, the propel 
lant feed system utilises mechanical pumps, including but not 
limited to turbo-pumps, to transport the propellant to the 
combustion chamber. 
0140. The combustion chamber 130 in the preferred 
embodiment incorporates thermal management to keep struc 
tural material temperatures within limits. Such thermal man 
agement can include an ablative insulation liner on the inside 
of the combustion chamber, and/or active cooling methods 
Such as liquid coolant Surrounding the chamber walls. 
0141. The injector system 140 in the preferred embodi 
ment is designed such that the VLM propellant stream can be 
broken up and atomised into Small droplets, allowing for 
better circulation and combustion within the chamber. Atomi 
sation of the propellant will push the behaviour of combustion 
towards that encountered in traditional liquid bi-propellant 
rocket engines, allowing for Smaller combustion chambers. 
The injector system 140 can also be designed with suitable 
material, construction and orifice dimensions such that it is 
able to “quench the combustion of the propellant so that 
combustion cannot proceed to propellant held in the tank, 
thereby creating an inherent level of safety. 
0142. The nozzle 150 in the preferred embodiment is of 
the convergent-divergent (de Laval) type, as typically used in 
modern rocket engines. 
0143. The ignition system 160 is capable of operating 
multiple times, thereby providing the ability to restart the 
propulsion system multiple times. 
0144. A suitable control system, actuators and valves 170 
that allow propellant to be dumped out of the propellant tank 
for the purposes of safety can also be employed by the pro 
pulsion unit as is known in the art. 
0145 The above propulsion unit 100 includes preferred 
design features that are not intended to limit the scope of the 
invention. Other types of propellant feed systems, combus 
tion chambers and nozzles for example can be used to those 
described above and the invention is not intended to be lim 
ited to such a design. The VLM propellant of the invention 
provides the ability to design a propulsion unit 100 with a 
single propellant tank 110 that can store the propellant for 
long periods and that can benefit from a simplified feed sys 
tem 130 that does not require complicated mixing or throt 
tling arrangements amongst other benefits. The above is 
therefore an example of a preferred propulsion unit design 
that is to be used in conjunction with, and which benefits from 
the VLM propellant of the invention. 

Missile Utilising VLM Propulsion System 

014.6 Referring now to FIG.3, a sub-orbital airborne mis 
sile 200 is shown comprising an airframe or main body com 
ponent 210 for attachment of all other systems on-board the 
missile 200 and bearing all flight loads, a propulsion system 
100 (as in system 100 described above), and a control system 
220 for controlling the operation of the propulsion system 
1OO. 
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0147 The missile 200 offers a number of advantages over 
missiles using traditional Solid or liquid propellant rocket 
engines: 
0148 1. The propellant can be tanked before launch or 
pre-tanked and stored in the missile, ready to fire 

0149 2. VLM propellants offering lower shock-sensitivity 
than typically-used solid propellants would provide the 
missile with added robustness to debris impacts, bullets, 
etc. 

0150. 3. The ability to dump propellant overboard on 
command would improve the safety of a missile, and also 
offer the ability to lighten a missile in flight. 

0151. 4. The VLM propellant and propulsion system pro 
vides advantages in Volumetric efficiency compared to tra 
ditional Solid rockets used in missile applications. These 
advantages could provide a combination of reduced mis 
sile Volume and therefore drag and weight, and increased 
missile range due to increased propellant capacity. 

0152 5. The VLM propellant and propulsion system pro 
vides advantages in mass fraction efficiency compared to 
liquid rockets used in missile applications due to increased 
propellant density. These advantages could provide a com 
bination of reduced missile Volume for a given impulse 
and therefore drag and weight, and/or increased missile 
range due to increased propellant mass capacity. 

0153. 6. The missile would be able to shut-down or 
throttle-down the VLM engine on-command in order to 
reduce the visibility and heat signature if and when the 
situation requires it. 

0154 7. The missile would be able to shut-down or 
throttle-down the VLM engine on-command in-order to 
improve the manoeuvring capability of the missile in high 
g-force scenarios. 

0155 8. The missile would be able to restart and/or 
throttle-up the VLM engine on-command. 

0156 Fins 230 are provided towards the rear of the body 
for providing aerodynamic stability to the missile 200. Other 
known methods of aerodynamic stability can be used in alter 
native embodiments. 

0157. The missile 200 also comprises a trajectory/attitude 
control system 220. This system maybe based upon the move 
ment of flight surfaces such as fins 230 placed on the exterior 
of the missile airframe 210. The control system 220 may, in 
conjunction with the above, or alternatively be comprised of 
a number of small thrust chambers suitably placed and ori 
ented around the vehicle airframe 210. Such a system can 
utilise the VLM propellant out of the same tank 110 used by 
the propulsion system 100. The control system 220 comprises 
of actuators and valves to control the propellant feed system 
120 to alter the flow-rate of the propellant, thereby varying the 
thrust level. The control system 220 therefore also comprises 
a processor for controlling operation of the above-mentioned 
valves and actuators. Equipment on board the missile 200 can 
be included for providing data to the processor of the control 
system 220 which is used for determining the desired opera 
tion of the propulsion system 100. Such equipment can 
include accelerometers, gyroscopes, barometers, GPS 
antenna and receivers, telemetry command equipment for 
remote control by a human operator or computer. Other actua 
tors and/or valves can also be included that enable the shut 
down of propellant flow, thereby stopping all thrust. 
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Launch Vehicle Utilising One or More Stages with VLM 
Propulsion System 
0158 An orbital launch vehicle comprising several stages 
that are separable during flight (i.e. each “stage' is defined by 
having a separate propulsion system) can also utilise the 
propulsion system 100 described above and in particular ben 
efit from the use of the VLM propellant of the invention. In 
Such an embodiment, one or more of the stages of the vehicle 
can utilise the propulsion system 100 for primary thrust. 
0159. The launch vehicle offers a number of advantages 
over those using traditional Solid or liquid propellant rocket 
engines: 
0160 1. Propellant can be tanked before launch or pre 
tanked and stored in the launch vehicle, ready to fire. 

0161 2. The launch vehicle would be able to shut-down or 
throttle-down the VLM engine on-command in order to 
reduce the thrust forces, and thereby reducing the aerody 
namic loads and/or accelerations encountered by the 
launch vehicle 

0162. 3. The launch vehicle would be able to shut-down 
and restart the VLM engine on-command in-order to pro 
vide for course corrections, correct orbital placement and/ 
or orbit transfers 

0163 4. VLM propellants offering lower shock-sensitivity 
than typically-used solid propellants would provide the 
launch vehicle with added robustness to debris impacts, 
bullets, etc. 

0164. 5. The ability to dump propellant overboard on 
command would improve the safety of a launch vehicle. 

0.165 6. The VLM propellant and propulsion system pro 
vides advantages in Volumetric efficiency compared to tra 
ditional Solid and liquid rockets used in launch vehicle 
applications. These advantages could provide a combina 
tion of reduced Volume and therefore drag and weight, and 
also increased performance due to increased propellant 
capacity. 

0166 7. The VLM propellant and propulsion system pro 
vides advantages in mass fraction efficiency compared to 
liquid rockets used in launch vehicle applications due to 
increased propellant density. These advantages could pro 
vide a combination of reduced vehicle propellant tank 
Volume for a given impulse and therefore drag and weight, 
and/or increased range due to increased propellant mass 
capacity. 

0167 One or more of the stages of the launch vehicle can 
utilise the propulsion system 100 for attitude and trajectory 
control. A control system associated with these stages can 
control the operation of the propulsion system 100. The con 
trol system comprises actuators and valves to control the 
propellant feed system 120 to alter the flow-rate of the pro 
pellant, thereby varying the thrust level. The control system 
further comprises a processor for controlling operation of the 
above-mentioned valves and actuators. Equipment on board 
the launch system 200 can be included for providing data to 
the processor of the control system 220 which is used for 
determining the desired operation of the propulsion system 
100. Such equipment can include accelerometers, gyro 
Scopes, barometers, GPS antenna and receivers, telemetry 
command equipment for remote control by a human operator 
or computer. Other actuators and/or valves can also be 
included that enable the shut-down of propellant flow, thereby 
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stopping all thrust. Other actuators and/or valves can also be 
included that enable the shut-down of propellant flow, thereby 
stopping all thrust. 

Spacecraft Utilising VLM Propulsion System 
0168 Referring now to FIG. 4, a spacecraft 300 such as a 
satellite or interplanetary probe comprises a disc-like body 
310, a propulsion system 350 similar to 100 described above 
with one or more thrust chambers 351a-d coupled to the body 
310 for attitude control/manoeuvring of the spacecraft 300 
and a control system for controlling the operation of the 
above-mentioned propulsion system 
0169. The spacecraft 300 offers a number of advantages 
over those using traditional Solid/liquid or monopropellant 
systems for use in orbital station-keeping, manoeuvring and 
attitude control: 
0170 1. Propellant can be stored safely in one single tank, 
and is relatively less toxic and hazardous than traditional 
propellants used in this application Such as Hydrazine. 

0171 2. Any number of thrust chambers can utilise pro 
pellant stored in a single tank, which is difficult to accom 
plish using traditional Solid composite propellants. 

0172. 3. The spacecraft would be able to start, throttle and 
shut-down any number of thrust chambers to provide for 
attitude control, course corrections, and correct orbital 
placement and/or orbit transfers. 

0173 4. VLM propellants offering lower shock-sensitivity 
than typically-used solid propellants would provide the 
spacecraft with added robustness to space debris impacts, 
asteroids, etc. 

0.174 5. The ability to dump propellant overboard on 
command would improve the safety of a spacecraft, par 
ticularly in re-entry scenarios. 

(0175 6. The VLM propellant and propulsion system 300 
provides advantages in Volumetric efficiency compared to 
traditional liquid and gaseous rockets used in spacecraft 
applications. These advantages could provide a combina 
tion of reduced volume and therefore weight, and also 
increased performance due to increased propellant capac 
1ty. 

0176 7. The VLM propellant and propulsion system pro 
vides advantages in mass fraction efficiency compared to 
traditional liquid and gaseous rockets used in spacecraft 
applications due to increased propellant density. These 
advantages could provide a combination of reduced pro 
pellant tank Volume for a given impulse and therefore 
weight, and/or increased motive force capacity Such as 
manoeuvring due to increased propellant mass capacity. 

0177. The spacecraft 300 comprises a number of small 
thrust chambers 351a-d radially spaced about the body 310 
and suitably oriented for attitude control/manoeuvring of the 
spacecraft 300. Such a system can utilise VLM propellant out 
of a single tank 352 as in propulsion system 100 above. Any 
suitable number of thrust chambers 351 can be utilised by the 
spacecraft 300. Each thrust chamber 351a-d would comprise 
an injection system, that effectively atomises the VLM pro 
pellant, and a nozzle 355a-d, in order to utilise the exiting 
combustion products to generate thrust. 
0.178 The control system comprises actuators and valves 
to control the propellant feed system353 to alter the flow-rate 
of the propellant to each individual thrust chamber 351a-d, 
thereby varying the thrust level of each chamber 351a-d inde 
pendently. The control system also comprises a processor for 
controlling operation of the aforementioned valves and actua 
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tors. As in the examples above, equipment onboard the space 
craft 300 can be included for providing data to the processor 
of the control system which is used for determining the 
desired operation of the propulsion system 350. Such equip 
ment can include accelerometer, gyroscopes, barometers, 
GPS antenna and receivers, telemetry command equipment 
for remote control by a human operator or computer. Other 
actuators and/or valves can also be included that enable the 
shut-down of propellant flow, thereby stopping all thrust. 
Other actuators and/or valves can also be included that enable 
the shut-down of propellant flow, thereby stopping all thrust. 
0179 The control system also utilises an ignition system 
354a-d for each thrust chamber 351a-das described for pro 
pulsion system 100 to initiate combustion of propellants in 
each thrust chamber 351a-d individually. Each ignition sys 
tem 354a-d can be reused multiple times, allowing for mul 
tiple restarts. 
0180. The foregoing description of the invention includes 
preferred forms thereof. Modifications may be made thereto 
without departing from the scope of the invention as defined 
by the accompanying claims. 

1. A viscous liquid monopropellant (VLM) mixture com 
prising: 

a. a carrier-fluid present in an amount ranging from about 
5% to 80% by mass, and 

b. a solid fraction comprising from about 20% to 95% by 
mass dispersed, Suspended or emulsified in the carrier 
fluid. 

2. The VLM mixture of claim 1 wherein the carrier-fluid is 
in an amount ranging from about 15% to 65% by mass. 

3. The VLM mixture of claim 2 wherein the carrier-fluid is 
in an amount ranging from about 20% to 40% by mass. 

4. The VLM mixture of claim 1 wherein the solid fraction 
is present in amount ranging from about 35% to 85% by mass. 

5. The VLM mixture of claim 4 wherein the solid fraction 
is present in an amount ranging from about 60% to 80% by 

a SS. 

6. The VLM mixture of claim 1 wherein the carrier-fluid 
comprises at least one fuel component and the Solid fraction 
comprises one or more primary oxidiser(s). 

7. The VLM mixture of claim 1 further comprising any 
combination of: 

a. a high-energy oxidiser additive or Substitute or combi 
nation thereof present in an amount ranging from less 
than 1% to about 90% by mass, 

b. athermic agent or combination of thermic agents present 
in an amount ranging from less than 1% to about 25% by 
maSS, 

c. a surfactant or combination of Surfactants present in an 
amount ranging from less than 1% to about 20% by 
maSS, 

d. a bonding agent or combination of bonding agents 
present in an amount ranging from less than 1% to about 
10% by mass, 

e. a rheology modifier or combination of rheology modifi 
ers present in an amount ranging from less than 1% to 
about 10% by mass, 

faburn rate modifier or combination ofburn rate modifiers 
present in an amount ranging from less than 1% to about 
10% by mass, or 

g. a dissolved gas within the carrier fluid to improve dis 
persion, atomisation and combustion present in an 
amount ranging from less than 1% to about 25% by 

a SS. 
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8. The VLM mixture of claim 1, wherein the surface ten 
sion of the carrier-fluid is below approximately 30 dynes/cm. 

9. The VLM mixture of claim 1, wherein the viscosity of 
the carrier-fluid is from about 50 centistokes to 50000 centis 
tokes at STP. 

10. The VLM mixture of claim 1 wherein the carrier-fluid 
comprises any one or more of silicone fluids, perfluorinated 
fluids, paraffin oils or synthetic oils. 

11. The VLM mixture of claim 6 wherein the primary 
oxidant component(s) is/are selected from oxidisers includ 
ing ammonium perchlorate, ammonium nitrate, hydroxy 
lamine nitrate, ammonium dinitramide, hydrazinium nitro 
formate and hydrogen peroxide. 

12. The VLM mixture of claim 7 wherein the high energy 
additive or oxidant substitute component(s) have either one of 
the following general formulae: 

OS O.N-R ON 1R 

Where R is a moiety selected from a single example or a 
combination of C to Co alkyl, branched alkyl, cycloalkyl, 
hydroxyl, alkoxy, alkylamine, alkylhalide; carbonyl in 
ketones, esters, and/or amides; nitro, nitrate ester, nitramide, 
aZo, azide, aryl, Substituted aryl, and/or heterocylic ring sys 
temS. 

13. The VLM mixture of claim 7 wherein the thermic 
agent(s) is/are selected from metals including aluminium, 
magnesium, boron, beryllium, silicon, Zirconium, and alloys 
of these, either alone or in combination. 

14. The VLM mixture of claim 7 wherein the surfactant(s) 
is/are selected from agents including polysorbates, alkylphe 
nylethoxylates, alcohol ethoxylates, Soya lecithin or deriva 
tives thereof, solutions of polycarboxylic acid salts of 
polyamine amides, acidic polyesters or polyethylene glycols 
(PEGs) of molecular weight no more than 5,000 g/mol.' 

15. The VLM mixture of claim 7 wherein the bonding 
agent(s) is/are selected from agents including acyl aziridines, 
amodimethicones, vinyl ether derivatives, amine-substituted 
alkanes, alcohols, polyoxyethylenes or polyoxypropylenes of 
molecular weight no more than 5,000 g/mol.' 

16. The VLM mixture of claim 7 wherein the rheology 
modifier(s) is/are selected from agents including castor oil 
derivatives, organoclay derivatives, modified urea and fumed 
silica. 

17. The VLM mixture of claim 7 wherein the burn rate 
modifier(s) is/are selected from agents including iron (III) 
oxide (Fe2O), copper (II) chromite (2CuO.Cr2O), cupric 
oxide (CuO), chromium (III) oxide (CrO), vanadium (V) 
pentoxide (VOs), organometallic transition metal coordina 
tion complexes, cyclopentadienyl ring system complexes 
and/or isoelectronic (cf. cyclopentadienyl) ring system com 
plexes. 

18. The VLM mixture of claim 1 comprising 28.4% by 
mass polydimethylsiloxane, 0.6% by mass castor oil deriva 
tive, 1% by mass Amidomethicone, 10% by mass aluminium 
powder, and 60% by mass ammonium perchlorate. 

19. A rocket propulsion system utilising the VLM mixture 
of claim 1 for the purposes of providing thrust to vehicles and 
comprising: 

a. a propellant tank for containing the VLM, 
b. a propellant feed system for transporting the VLM from 

the tank at Suitable pressures and flow rates, 
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c. a combustion chamber for receiving the VLM from the 
tank and burning it to generate combustion by-products, 

d. an injector systematone end of the combustion chamber, 
for injecting and finely dispersing or atomising the VLM 
into the combustion chamber in order to maximise the 
available Surface area for combustion, 

e. an ignition system to initiate the combustion of the VLM 
within the combustion chamber, and 

fanozzle at another end of the combustion chamber for the 
acceleration and exit of the combustion by-products 
thereby providing thrust. 

20. A sub-orbital airborne missile utilising the propulsion 
system of claim 19 comprising: 

a. a body for housing the propulsion system, and 
b. a control system for controlling the operation of the 

propulsion system. 
21. A missile as in claim 20 wherein the control system 

comprises one or more thrust chambers spaced around the 
body for controlling the trajectory/attitude of the missile. 

22. An orbital launch vehicle comprising a body having 
two or more stages that are separable during flight, and 
wherein one or more of the stages utilise the propulsion 
system of claim 19 for primary thrust. 

23. A spacecraft utilising the propulsion system of claim 19 
comprising: 

a. abody coupled to the propulsion system, and wherein the 
propulsion system comprises one or more thrust cham 
bers radially spaced around the body the for attitude 
control/manoeuvring of the spacecraft, and 

b. a control system for controlling the operation of the 
propulsion system. 
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24. A spacecraft as in claim 23 wherein each thrust cham 
ber is associated with separate feed and ignition systems and 
all thrust chambers are associated with the same propellant 
tank. 

25. A method of forming a viscous liquid monopropellant 
(hereinafter: VLM) comprising the step of dispersing, Sus 
pending, bonding or emulsifying a Solid fraction in a carrier 
fluid, wherein the carrier-fluid is present in an amount ranging 
from about 5% to 80% by mass, and the solid fraction is 
present in an amount ranging from about 20% to 95% by 

a SS. 

26. A method of forming a VLM as in claim 25 wherein the 
carrier fluid comprises 28.4% by mass polydimethylsiloxane 
and the solid fraction comprises 10% by mass aluminium 
powder and 60% by mass ammonium perchlorate, and the 
method of forming the VLM comprises the steps of: 

a) mixing the polydimethylsiloxane and a castor oil deriva 
tive at high shear in a high speed dissolver to form a first 
fluid mixture, 

c) allowing the first fluid mixture to cool to ambient tem 
perature, 

d) adding an amidomethicone bonding agent to the first 
fluid mixture and mixing at low shear to form a second 
fluid mixture, 

e) adding the aluminium powder and mixing with the sec 
ond fluid mixture at low shear, 

f) adding the ammonium perchlorate and mixing at low 
shear until homogenisation of the constituents and a 
complete reaction of the Amidomethicone bonding 
agent with the ammonium ion on Surface of the ammo 
nium perchlorate is achieved. 
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