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PORTABLE GAS GENERATING DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. application Ser. 
No. 11/537,439, entitled “Portable Gas Generating Device”, 
?led Sep. 29, 2006, Which claims priority to US. Provisional 
Application Ser. No. 60/786,965, ?led Mar. 29, 2006, 
entitled, “Method and Devices for Generating Gas from 
Nitrous Oxide,” and is related to US. Pat. No. 6,347,627, 
each of Which are incorporated by reference in their entirety. 

This invention Was made With Government support under 
Contract No. W31P4Q-04-C-R322 aWarded by the US. 
Army. The US. Government may have certain rights in this 
invention. 

FIELD OF THE INVENTION 

The invention generally relates to a gas generating device 
and in particular to a portable gas generating device for pro 
duction of high energy gas from nitrous oxide and to the uses 
thereof. 

BACKGROUND OF THE INVENTION 

Decomposition of nitrous oxide (N 2O) results in the 
release of oxygen, nitrogen, and a large amount of energy. 
Over the past several decades, groups have tried to optimiZe 
and capture the energy released from this decomposition 
reaction, thereby making it more practical for doWnstream 
use. 

In particular, US. Pat. No. 5,137,703 describes a method 
for thermal catalytic decomposition of N2O into molecular 
oxygen and nitrogen using a variety of catalysts. US. Pat. No. 
5,171,553 describes noble metal catalyst for the decomposi 
tion of N20 that provides increased reactivity When used on 
noble metal-exchanged crystalline Zeolites. US. Pat. No. 
5,314,673 describes a method for decomposition of streams 
of up to 100% N2O over a tubular reactor ?lled With cobalt 
oxide and nickel oxide on Zirconia catalyst. Additionally, 
US. Pat. No. 6,347,627 describes a self-contained system for 
converting N2O to a breathable gas mixture. 
One particularly attractive use for N20 is as an energy 

source in a propulsion system, e.g., monopropellant, bipro 
pellant, etc. Liquid monopropellants are often used in propul 
sion systems Where simplicity of design, restartable control 
on demand, and repeatability are desired. Conventional 
monopropellants include hydrazine and hydrogen peroxide, 
both of Which are toxic and extremely dangerous. 

There is a need in the art to replace hydraZine and/or 
hydrogen peroxide With a safer, but still effective energy 
source. In addition, there is a need in the art to more effec 
tively optimiZe N2O decomposition, especially in a manner 
that provides portable, useful energy and high pressure gas, 
e.g., useful as an engine propellant for a rocket engine, a 
turbine, etc. 

Against this backdrop the present invention has been devel 
oped. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph shoWing the density of N20 as a function 
of temperature. 

FIG. 2 is a graph shoWing the vapor pressure of N2O as a 
function of temperature. 
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2 
FIG. 3 is a cross-sectional vieW of the N2O generator in 

accordance With one embodiment of the present invention. 
FIG. 4 is an exploded vieW of the N2O generator in accor 

dance With one embodiment of the present invention. 
FIG. 5 shoWs the How direction of N2O through a cross 

sectional vieW of an embodiment of the generator in accor 
dance With the present invention. 

FIG. 6 is a perspective vieW of the reaction chamber and 
noZZle in accordance With one embodiment of the present 
invention. 

FIG. 7 is a cross-sectional vieW of the N2O generator in 
accordance With an alternative embodiment of the present 
invention. 

FIG. 8. shoWs the How direction of the N20 through a 
cross-sectional vieW of an embodiment of the generator in 
accordance With the present invention. 

FIG. 9 is a perspective vieW of the screen and noZZle in 
accordance With one embodiment of the present invention. 

FIG. 10 is a side vieW of N20 ?oW direction through a 
screen embodiment in accordance With the present invention. 

FIG. 11 is a top vieW of the screen in accordance With one 
embodiment of the present invention. 

FIG. 12 shoWs the How direction of the N20 and openings 
through a screen of one embodiment in accordance With the 
present invention. 

FIG. 13 illustrates the vapor pressure and density curve for 
N2O as a function of temperature. 

FIG. 14 illustrates adiabatic temperature and maximum 
theoretical Isp performance from decomposed LN2O as a 
function of percent decomposition and initial tank tempera 
ture. 

FIG. 15 illustrates the sensitivity of N2O decomposition 
time as a function of temperature for the tWo bounding cases 
of isothermal and isenthalpic ?oWs. 

FIG. 16 illustrates the reaction time for N20 as a function 
of temperature in the presence of various catalysts. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to a compact and portable 
gas generator (“ generator” herein) for production of high 
energy gas from decomposition of N20. Generator embodi 
ments of the invention alloW for the generation and control of 
large quantities of high energy gas. Generator embodiments 
are constructed to both raise the ef?ciency of N20 decompo 
sition, thereby increasing the volume of gas and energy 
released, and enhances the durability of the generator itself, 
thereby decreasing the rate of generator failure. In addition, 
generator designs of the invention are highly portable; having 
a siZe per poWer output that vastly improves on existing poWer 
production technology. Finally, generator embodiments of 
the invention can provide combined uses, for example in one 
operational use the generated gas is used for propulsion and in 
another operational mode the generated gas is used as breath 
able air. 

Particular embodiments of the invention provide a novel 
heat exchange design that facilitates transfer of heat from 
N2O decomposition in the generator to the incoming N2O 
reactants, thereby preheating the N2O to pre-decomposition 
temperatures and controlling the temperature of the generator 
itself. The heat transfer, therefore, increases the ef?ciency of 
N2O decomposition, While facilitating the durability of the 
generator, as the enhanced heat release (cooling) acts to pro 
tect the integrity of the metals used to fabricate the generator. 

Generator embodiments of the invention are used as mono 
propellant engines; as part of bipropellant or hybrid engines; 
as buoyancy engines for underWater vehicles; as mono-pro 
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pellant drivers for turbine emergency power units (EPUs); as 
sources for breathing gas, for mixed uses, i.e., propellant and 
breathable air, and for other uses as described beloW. 
NZO Decomposition 

Nitrous oxide, N20, is a common and inexpensive storable 
chemical that in the present invention is used as a convenient, 
loW cost, lightWeight, safe, and reliable source of high energy 
gas. NZO is stored as a liquid at atmospheric pressure and 
about —900 C., or at ambient temperatures and about 50 bars 
pressure. The density and vapor pressure of liquid N20 as a 
function of temperature are shoWn in FIGS. 1 and 2. When 
heated to a temperature of about 600° C., NZO Will sponta 
neously decompose to a gaseous mixture consisting of one 
third oxygen and tWo-thirds nitrogen by mole. Use of a cata 
lyst decreases the temperature at Which the decomposition 
reaction occurs. As shoWn beloW, a large amount of energy is 
released during the decomposition reaction. 

Nitrous oxide is an energy-bearing molecule, at 298 K, 
NZO contains about 81 .6 kJ/mole more enthalpy than molecu 
lar oxygen and nitrogen. Thus, based on the energy balance, 
NZO is unstable and should spontaneously decompose to 
oxygen and nitrogen, according to reaction 1: 

All that is required for Reaction 1 to proceed in the forWard 
direction is suf?cient kinetic activity to alloW the decompo 
sition to proceed. This decomposition Will occur in the gas 
phase and almost to completion at about 6000 C. (or at loWer 
temperatures When an appropriate catalyst is present). 

The overall enthalpy of reaction for NZO is 1855 kJ/kg. 
Including the heat of vaporization loss of 376 kJ/kg, the 
resultant available thermal energy release from liquid (L) 
NZO is 1479 kJ/kg (410 Whr/kg). TWenty percent of the 
decomposition energy of N2O is required to vaporize the 
liquid propellant. 
As shoWn in the examples beloW, NZO is able to provide 

speci?c impulse (Isp) performance comparable to current 
industry standard monopropellants, such as hydrazine and 
hydrogen peroxide. In addition, NZO is a substantial improve 
ment over a cold compressed gaseous nitrogen system Which 
is used for propulsion for various reaction control systems. As 
such, the potential energy from NZO decomposition is equal 
to the materials currently in use in most monopropellant 
engines (rocket, turbine, etc.), i.e., comparable or better than 
hydrazine, hydrogen peroxide and gaseous nitrogen. 

It should also be noted that due to nitrous oxide’s freezing 
point (—90.80 C., Baker, 1971) it is highly useful in extreme 
cold conditions, for instance, deep-space-storage and opera 
tion. This is compared to hydrazine and hydrogen peroxide 
Which have freezing points of 20 C. and 10 C., respectively. 
NZO is also useful When the temperature is extremely Warm 
due to its high thermal stability. As such, NZO for these 
additional reasons is a superior reactant for generator use 
under extreme conditions, e.g., space, underWater explora 
tion, thermal pools, etc. 

Various catalysts can be included in NZO decomposition 
reactions of the present invention. Catalysts reduce the tem 
perature required to decompose the N20. A suitable catalyst 
must survive the high temperature and oxidizing environment 
of the reaction. Several catalyst have been identi?ed herein 
that shoW substantial ability to loWer the N20 decomposition 
temperature While surviving for a long enough interval to 
make economic sense. These catalysts include rhodium, 
ruthenium, platinum, nickel, zirconia, magnesia and copper. 
In preferred situations, the catalyst is coated onto an appro 
priate substrate, for example, alumina, zirconium oxide, or 
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4 
magnesium oxide (the substrate acting as a support and to 
extend the life of the catalyst coating). 
Generator Embodiments 

Generator embodiments of the present invention are 
designed to optimize the release of energy from nitrous oxide 
decomposition and to maximize the durability of the genera 
tor for sustained and long-term use. In addition, generators of 
the present invention have been optimized to maximize 
energy release for size of the device; this facilitates the pro 
duction of cost effective and highly portable generator 
devices. 

In one embodiment, the generator accomplishes these sub 
stantial bene?ts by providing a highly compact heat-ex 
change zone Within the generator for pre-heating the incom 
ing NZO (making the decomposition reaction substantially 
more el?cient) While simultaneously cooling the generator 
parts by release of heat from the reaction chamber (protecting 
the generator parts from the extreme temperatures of the N20 
decomposition). 
A cross-sectional vieW of one embodiment of the generator 

is shoWn in FIG. 3. The generator 300 includes generally: a 
reaction chamber 302 operatively connected to an exit cham 
ber 304, an exterior jacket 306 that envelops the reaction 
chamber; an injection cone 308 that envelopes the exit cham 
ber 304; and a cap 310 for operatively connecting the exterior 
jacket 306 to the reaction chamber. As discussed in more 
detail beloW, a gap 312 exists in the jacket, the gap including 
one or more channels provided betWeen an interior Wall 314 
and exterior Wall 316 of the reactor chamber 304. The gap 
provides a constrained space by Which NZO ?oWs from the 
exterior of the generator 3 18 (source of N20) into the reaction 
chamber for decomposition and release of gas. The gap 312 in 
the exterior jacket 306 provides a heat exchange area in Which 
NZO is preheated during transit from its entry point into the 
generator 300 to Where it decomposes Within the reaction 
chamber 302. 
At one end of the reaction chamber, the cap 310 acts to 

divert NZO ?oWing Within the gap 312 to a release point in the 
reaction chamber 302. At the opposite end of the reaction 
chamber an exit chamber may be operatively connected. The 
exit chamber 304 is enclosed by the injection cone and is for 
release of the gas generated Within the reaction chamber to the 
exterior 318 of the reactor. The exit chamber 304 is shoWn 
enveloped by the injection cone. Note that an exit chamber is 
especially useful When the generator is used to produce high 
energy gas for rocket applications. The exit chamber, hoW 
ever, is not required in generator uses that do not require 
constrained or concentrated release of the high energy gas. 
Embodiments shoWn herein typically include the exit cham 
ber, but note that this feature is optional. 

In one embodiment, the generator has an overall cylindri 
cal shape With dimensions from about 1 to about 3 inches (in) 
in diameter and about 1 to about 6 inches in height. Reactor 
chambers 302 Within the generator typically have volumes of 
from about 1/2 to about 12 cubic inches Which tends to provide 
suf?cient gas/energy for most uses. In particular, a reactant 
volume of from about 1 to about 6 cubic inches is envisioned 
for use in most “engine” embodiments. Reaction chamber 
Wall 314 thickness is also variable, but is typically from about 
0.05 to about 1 inch in thickness. Other generator size dimen 
sions are envisioned to be Within the scope of the application 
as long as the generator functions as described herein are 
maintained. 

Still referring to FIG. 3, the reaction chamber 302 is sul? 
cient to alloW decomposition reactions of NZO and in some 
embodiments house a suf?cient amount of catalyst to alloW 
for the generation of gas and energy as described herein. A 
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partition 320 is shown positioned between the reaction cham 
ber 302 and the exit chamber 304 to constrain the reactants 
and catalyst Within the reaction chamber. In embodiments 
Where catalysts are not included in the reaction chamber, a 
partition is not alWays required. 

In one embodiment, the partition 320 can be a screen or 
other like device having a series of openings (see FIG. 8) that 
?uidly connect the reaction chamber 302 to the exit chamber 
304. High energy gas from NZO decomposition passes from 
the reaction chamber into the exit chamber via the openings 
Within the partition 320. The openings may be in the form of 
holes, slits, or other like apertures. Typically, partition 320 
embodiments are fabricated from materials having high ther 
mal stability, i.e., very loW to no thermal expansion coe?i 
cient. For example, materials like Zirconia foam and sodium 
Zirconiam phosphate. 

FIG. 4 shoWs one embodiment of an exploded vieW of a 
generator 300 embodiment including the reaction chamber 
inner Wall 314, generator outer Wall 322, reactor cap 310, 
noZZle Wall 324 and injection cone 308. The reactor chamber 
inner Wall and exterior Wall (inner side of generator outer 
Wall) combine to form jacket 306. 
An injection port 326 is located through the injection cone 

3 08 connecting the gap formed betWeen the interior and exte 
rior chamber Walls With the exterior of the generator. (See 
FIG. 3). In one embodiment, the injection port 326 is located 
distal to an entry port 327 of the reaction chamber 302 to 
thereby maximiZe heat-exchange betWeen the N20 ?oWing 
Within the gap 312 and heat released from the reaction cham 
ber. Also note that the noZZle Wall 324 de?nes a convergence 
Zone 328 for concentrating the released gas from the chamber, 
a throat Zone 330 for controlling the ?oW rate of gas from the 
chamber and a divergence Zone 332 for maximiZing the 
exhaust velocity of the gas. Optionally, a collar 334 can pro 
vide an attachment for doWnstream plumbing useful With the 
present invention. 

Referring to FIG. 5, one embodiment of N20 ?oW direction 
is shoWn Within the generator 300. NZO is injected into the 
generator via one or more injection ports 326, the ?uid ?oWs 
into a channel 336 formed betWeen the injection cone 308 and 
the noZZle Wall 324. NZO is injected either as self pressurized 
gas or as a liquid. Note that the noZZle Wall is typically 
continuous With the inner reaction chamber Wall 314. 

In one embodiment, the one or more channels de?ned 
Within the gap 312 are formed substantially the entire length 
of the jacket 308 formed by the interior 314 and exterior 316 
Walls of the reaction chamber. The channels can be straight, 
ZigZagged, spiral, non-uniform or the like. Channels can be of 
various useful dimensions, for example can be formed as 
cross-sectional U-shapes, circular shapes, square shapes, as 
Well as other like geometries. In addition, it is envisioned that 
the channel(s) can be a uniform or non-uniform dimension 
that travels over some or all of the surface of the reaction 
chamber inner Wall 314 and or surface of the noZZle Wall 324. 

The NZO that ?oWs along the length of the reaction cham 
ber is typically heated from about ambient temperature to 
about 7000 C. Once the NZO reaches the reactor cap 310 it is 
passed into the reaction chamber 302 for decomposition. The 
movement of N20 over and through the generator provides 
the regenerative cooling of the present invention, as neW 
reactant is constantly ?oWing through the generator jacket 
While the heated NZO is decomposed Within the reaction 
chamber to produce the gas/ energy of the device. 
As such, and still referring to FIG. 5, NZO folloWs the 

general direction of the arroWs in the ?gure, from the injection 
port (see arroW 338) Within the gap, and Within the jacket (see 
arroW 340) to the reactor cap, and ultimately to the reaction 
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6 
chamber (see arroW 342). Gas is released from the reaction 
chamber in the direction of arroW 344 through the exit cham 
ber. 

FIG. 6 provides a perspective vieW of one embodiment of 
the interior Wall 314 of the reaction chamber 302. In this 
embodiment, one or more channels 346 are de?ned by a series 
of grooves along the length of the exterior surface of the 
interior chamber Wall 314. The grooves are formed to 
increase surface area of ?uids along the surface of the Wall 
314, but as can be understood by one of skill in the art (and as 
discussed above) other shaped channels can be substituted, 
e.g., V-shaped channels, circular-shaped channels, etc. Note 
that grooves in this embodiment are direct, but could be 
ZigZagged, spiral or other like shape. The time N2O spends 
Within the channel 346 in route to the reaction chamber 302 is 
important and is dependent on the length of the channel, the 
?oW rate of the NZO and the volume of the channels. N20 that 
spends too little time prior to reaching the reactor chamber 
302 can quench the reactor, i.e., due to the N20’ s insuf?cient 
temperature. HoWever, NZO that heats-up too much in the 
channels Will begin the decomposition reaction prematurely, 
leading to high energy gas release Within the jacket and 
thereby leading to generator failure. Therefore, generator 
embodiments of the invention are designed to coordinate the 
length of time the NZO is heated, i.e., the N2O’s temperature, 
Within the channels prior to reaching the reaction chamber. 
Note the exit Zones: convergence, 328, throat 330 and diver 
gence 332. 

FIGS. 7 and 8 provide an alternative embodiment of a 
generator 300 of the present invention. In this embodiment, 
the partition 320 betWeen the reaction chamber 302 and exit 
chamber 304 is a screen 348 having a series of internal chan 
nels 350 that transversely criss-cross the diameter of the 
screen. The channels 350 Within the screen are designed to 
force the NZO entering the generator 300 to come from the 
entry port 326 (see FIG. 8) along the noZZle Wall 324 (be 
tWeen the noZZle Wall 324 and injection cone 308) and then go 
transversely through the screen 348 before re-entering the gap 
312 on the other side of the screen. Note that a ?ange 352 (see 
FIG. 8) or other like obstruction prohibits the N20 from 
bypassing the screen. The ?ange 352 radially extends from 
the screen to contact the exterior Wall 316 or injection cone 
308, thereby separating the channels 354 prior to the screen 
from the channels 356 after the screen. 

FIG. 8 illustrates a ?oW con?guration through this embodi 
ment by shoWing arroW 356 Where the N20 enters the gen 
erator traveling betWeen the noZZle Wall and injection cone. 
ArroW 358 shoWs the ?oW of N20 across the screen and up 
along the channels formed in the interior chamber Wall 324. 
NZO is then diverted by the interior of the reactor cap into the 
reaction chamber. (See arroW 360) As the NZO decomposes, 
high energy gas exits the reaction chamber via a series of 
openings 364 in the screen into the exit chamber (See arroW 
362). High energy gas ultimately exits the generator as shoWn 
by arroW 366. 

FIG. 9 provides an expanded perspective vieW of the screen 
348 and noZZle of the generator 300 according to an embodi 
ment of the invention. NZO enters into the transverse channels 
350 (see FIG. 7 & FIG. 12) of the screen via channel openings 
368, exits the screen via channel exits 370. This design com 
pels N20 to move from the injection port side of the screen 
itself, through the screen, and into the grooves along the 
surface of the reactor chamber Wall 324. In general, the trans 
verse channels through the screen connect a ?rst end of the 
channel on the entry side of the ?ange 352 to a second end of 
the channels on the exit side of the ?ange. As such, the 
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channels cut transversely through the screen 348 at an angle 
suf?cient to cross the thickness of the ?ange (See bracket 

372). 
FIG. 10 is a perspective vieW of N20 ?owing through a 

screen 348 embodiment of the invention (see arroW 374), 
NZO ?oWing through the screen is preheated by the escaping 
gas via openings 364. (See FIG. 8), Which serves as a superior 
heat exchange element, Within the screen 348 itself. This 
embodiment can alloW for further compaction of the genera 
tor as NZO can be preheated in the screen 348. In addition, the 
cooling provided by the ?oWing NZO Within the transverse 
channels 350 protects the integrity of the screen. The escaping 
gas from the reaction chamber places an extreme burden on 
the integrity of the screen itself, so the regenerative cooling of 
the screen limits damage and increases durability of the 
screen and therefore the generator. The regenerative cooling 
aspect of the screen alloWs for use of metals for screen com 

ponents. 
Note that other generator con?gurations can be used, for 

example, the grooves being milled into the exterior chamber 
Wall 316 of the jacket 308, and having a smooth outer surface 
of the interior chamber Wall. The main issue being to provide 
heat-exchange Zones for preheating the N20 and cooling the 
decomposition reaction Within the reaction chamber. Note 
also that both the interior and exterior chamber Walls forming 
the jacket can be smooth, essentially forming one channel. 

FIG. 11 is an illustrative cross-sectional vieW along line 
11-11' of FIG. 7. Note the “release” openings 364 in the 
screen 348 for release of gas out of the reaction chamber 302. 
The orientation of the openings can be of any useful layout as 
long as there is su?icient capacity to release the gas from the 
reaction chamber into the exit chamber 304. It is also noted 
that various numbers of openings can be used to accomplish 
this feat. Still referring to FIG. 11, grooves de?ned in the 
interior chamber Wall 314 of the reaction chamber 302 are 
shoWn in the jacket 306. Note that the grooves and exterior 
chamber Wall 316 form a seal to ensure consistent pressure on 

the N20 moving along the chamber toWard the reactor cap. 
There is no mixing of NZO betWeen channels in this design. 
HoWever, it is envisioned that the ?uid Within the channels 
could be mixed With little practical effect on the generator’s 
performance. 

FIG. 12 shoWs the juxtaposition of the N20 release open 
ings 364 versus the transverse channels 350 through a cooled 
screen 348 embodiment of the invention. Note that other 
con?gurations can be used as long as heat transfer/regenera 
tive cooling and generator function are maintained. There is 
no set number of transverse channels through the screen, 
although 4 to 12 are typical. There is no set number of release 
openings through the screen, although 9 are typical. 

Note that While the previous discussion has centered on 
generator designs using ?oW in the jacket gap in the direction 
counter to the gloW Within the reaction chamber, alternative 
embodiments are possible, including designs in Which the 
?oW in the jacket gap and reaction chamber are in the same 
direction or coaxial entering the chamber radially from all 
sides. 
Generator Manufacture 

Generator embodiments of the invention are typically fab 
ricated from nickel, steel, or other like metal. Nickel surfaces 
can further be coated With MgO to provide further resistance 
to oxidation and damage caused by the N20 decomposition. 

With regard to catalyst, preferred embodiments include a 
catalyst bed constrained Within the reaction chamber for 
facilitating N20 decomposition. Catalysts are typically incor 
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8 
porated into the chamber by being placed Within prior to 
Welding or held in place by a ?ange or hinge that can be 
opened repeatedly. 
Generator Use 

In order for embodiments of the present invention to func 
tion as a compact system, the generator is cooled, preferably 
regeneratively cooled, and the nitrous feed preheated to igni 
tion temperatures before being injected into the catalyst bed. 
Potential catalysts include rhodium, ruthenium, platinum, 
nickel, iridium, Zirconia, magnesia and copper, all on appro 
priate substrates such as alumina, Zirconium oxide, or mag 
nesium oxide. If it is not so preheated, the injection of large 
amounts of cool nitrous into a relatively small bed Will cool 
the bed to beloW reaction temperatures, quenching the gen 
erator. These requirements are met in principle by using the 
nitrous feed as a regenerative coolant, feeding it into the 
reaction chamber via a jacket around the chamber, as illus 
trated schematically in FIGS. 3-11. In this Way, the feed 
nitrous is preheated While simultaneously cooling the genera 
tor. 

Although not speci?cally shoWn herein, other cooling 
embodiments are envisioned to be Within the scope of the 
present invention. For example, diluents can be included into 
the N20 feed prior to decomposition Within the reaction 
chamber. Diluents Would essentially “Water” the reaction 
doWn so that loWer temperatures Would be attained during the 
decomposition reaction. Diluents of the invention include a 
NZO miscible material like CO2 and/or NZO non-miscible 
materials like H2O. So, for example, CO2 can be combined 
With the N20 prior to addition Within the generator to “Water 
doWn” the decomposition reaction to a level required for the 
particular use. This Would thereby loWer the maximum tem 
perature of the generator and increase the durability of the 
generator due to the decreased temperature of the gas being 
produced. With regard to Water, the Water could be sprayed 
into the reaction chamber via an entry point separate from the 
N20. Water can be moved into the generator via gas pressure 
or using pumps. Other cooling embodiments include a sepa 
rate jacket for moving Water or other like liquid over the 
reaction chamber Wherein the heater Water is discharged from 
the generator once it attains a predetermined temperature. 

In one illustrative embodiment, CO2 is combined With the 
nitrous feed. CO2 and NZO are miscible, and since CO2 is 
inert, its presence loWers the overall generator system tem 
perature. For example, addition of approximately 10% CO2 to 
a stream of N20 Will loWer the temperature of released gas by 
about 2000 C. 

In an alternative embodiment Where Water is used as an 
injected coolant the Water is not miscible With N20, so that a 
separate feed system is required. HoWever as Water does not 
react With room temperature N20, N20 gas can be used as a 
pressurant to drive the Water injection. Water can be used as a 
coolant by ?oWing it through cooling channels or spraying it 
directly into the reaction chamber. 

In use, the generator is started by preheating the reaction 
chamber to a su?icient temperature, about 7000 C. is typical. 
Preheating of the chamber is accomplished by electrical, 
chemical and other like heating means. In an illustrative man 
ner, heat tape can be Wrapped around the generator Which can 
be used to electrically preheat the chamber. In addition, sepa 
rate reactors can be included in the generator or separate from 
the generator to provide heat to the NZO reaction chamber. 
These separate reactors can accommodate a solid pyrotechnic 
device (black poWder, cordite, etc), or a fuel source like 
gasoline, methane, hydrogen, propane or other reactants that 
Will ignite in combination With an oxidiZer, such as air, oxy 
gen or N20. The energy released from these separate reac 












