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ABSTRACT OF THE DISCLOSURE 
A valveless pulse jet engine comprised of a hollow 

U-shaped tube having open ends respectively de?ning 
inlet and exhaust openings, and being provided with a 
combustion chamber located intermediate such ends. The 
engine along its entire length is of non-cylindrical sec 
tions, and its performance characteristics are enhanced 
because of such non-cylindrical con?guration. 

This invention relates to a pulse jet engine and, more 
particularly, to a valveless pulse jet engine having a hol 
low, U-shaped combustor of non-uniform cross section 
from end to end thereof. 
As explained in Lockwood Patent No. 3,206,926, a 

pulse jet engine is a relatively simple structure essential 
ly comprising an elongated hollow tube open at its ends 
and turned upon itself into a generally U-shaped con 
?guration with the open ends thereof facing in the same 
direction. Such tube is sometimes referred to as a com 
bustor, and intermediate the ends thereof, ?uid fuel is 
introduced into the engine through a nozzle structure lo 
cated at a section of the tube generally-referred to as the 
combustion chamber. A sparking device is also located 
at such combustion chamber, and in operation of the en 
gine, both fuel and air, the latter in su?icient volume to 
create a combustible mixture with the fuel, enter the 
combustion chamber and the sparking device is energized 
to ignite the mixture. Upon ignition of the mixture, the 
consequent expansion of the gases within the combustion 
chamber results in a gaseous discharge through the open 
ends of the engine producing thrust forces tending to 
propel the engine in a direction opposite to the direction 
of flow of the gaseous discharge. 

Ignition of the fuel within the combustion chamber 
is accompanied by a rapidly increasing gaseous pressure 
therein which rises to a value tending to interrupt fuel 
expression from the nozzle. As the combustion gases ex 
pand outwardly from the combustion chamber for dis 
charge through the open ends of the engine, the pressure 

‘ within the combustion chamber progressively decreases 
until a value is reached at which a charge of fuel sprays 
from the nozzle and a reverse ?ow of the gases toward 
the combustion chamber is initiated. Such reversal of ?ow 
direction results in ambient air being drawn into the 
combustion chamber for admixture with the fuel charge 
therein. The combustible mixture of fuel and air is then 
ignited and the cycle of operation is repeated. The spark 
ing device can be de-energized once the engine com 
mences to run because ignition of the combustible fuel 
and air mixture is caused by the temperatures attained 
in the combustion chamber. 
The discharge of fuel from the nozzle structure and 

into the combustion chamber is intermittent as a con 
sequence of the cyclic change in pressure therein from 
a low value corresponding to the ?nal phases of gaseous 
expansion during the combustion cycle to a high value 
corresponding to the initial phases of gaseous expansion 
following ignition of the combustible mixture; and the 
pressure at which fuel is supplied to the nozzle is selected 
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to have a value so related to such gaseous pressures that 
discharge of fuel into the combustion chamber is ter 
minated by the higher pressures therein and is permitted 
at the lower pressures which reduce to values less than 
atmospheric. Evidently then, the engine operates inter 
mittently at a cyclic repetition rate that can vary over 
wide ranges and is essentially proportional to the overall 
length of the engine. By way of example, a typical cyclic 
frequency may come within the range of from about 30 
cycles per second for relatively long engines to about 200 
cycles per second, or more, for shorter engines-Le, 21/2 
to 3 feet in length. 

So far as is known, pulse jet engines of the prior art 
have been of substantially uniform cross section through 
out most of the length thereof with the exception of the 
inlet and exhaust nozzle sections which are usually 
tapered. It has been discovered that a pulse jet engine 
which is entirely of non-uniform cross section from one 
end to the other end thereof is superior in a signi?cant 
number of respects to engines of uniform cross section. 
Among such superiorities are easier engine starting, great 
er permissible range of variation in the rate of fuel deli 
ery accommodated by the engine, and higher ratio of 
thrust and air-handling capacity of the engine per unit 
volume thereof. It is, accordingly, an object, among 
others, of this invention to provide an improved pulse 
jet engine having such non-uniform cross-section con 
?guration and having also such features of superiority; 
and as respects additional objects and advantages, espe 
cially of a particular character, many will become readily 
apparent as the speci?cation develops. 
An embodiment of the invention is illustrated in the 

accompanying drawing in which the single ?gure thereof 
is a side view in elevation of a pulse jet engine. 
The valveless pulse jet engine illustrated in the drawing 

in its entirety with the numeral 10, and includes a com 
bustor 11 in the form of an elongated hollow tube bent 
upon itself to form the generally U-shaped con?guration 
illustrated in which the open ends of the tube face in the 
same direction. The combustor 11 comprises therealong a 
combustion chamber 12 connected at one of its ends to 
an inlet nozzle section 13 through a transition section 14. 
The nozzle section 13 forms one end portion of the 
combustor 11 and terminates in an inlet opening 15. The 
combustion chamber 12 at its other end is connected 
through a transition section 16 and generally arcuate cou 
pling section 17 to a tail pipe 18 terminating in an ex 
haust opening 19. 
The engine 10 is equipped with a sparking device 20 and 

at least one fuel nozzle structure 21, and each such com 
ponent is a?ixed to the engine at the combustion cham 
ber 12 thereof and extends into the chamber. As respects 
the present invention, the sparking device 20 may be com 
pletely conventional and in the usual case is an electric 
spark plug. The nozzle 21 may be of the type disclosed in 
assignee’s copending patent application of Raymond M. 
Lockwood and David A. Graber, Ser. No. 649,879, ?led 
June 29, 1967, although as concerns the particular inven 
tion being considered herein, any fuel nozzle may be em 
ployed. 
As indicated hereinbefore, fuel in either liquid or gas 

eous form is delivered to the interior of the combustion 
chamber 12 via the fuel nozzle structure 21, and the en 
gine is ?rst started :by energizing the sparking device 20 
to ignite the admixture of fuel and air within the combus 
tion chamber. However, once operation of the engine is 
initiated, the sparking device 20 can be tie-energized be 
cause the engine will continue to operate so long as fuel 
is supplied thereto as a result of the high temperatures at 
tained by the combustion chamber. Operation of the en 
gine constitutes cyclically repetitive ignition of the fuel 
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charges intermittently introduced into the combustion 
chamber 12 through the nozzle 21 and following each 
such ignition of the combustible mixture, the resultant 
gaseous expansion within the combustion chamber causes 
the discharge of gases outwardly through the inlet open 
ing 15 and through the exhaust opening 19, which dis 
charge produces thrust tending to displace the engine 
10 in a direction opposite that to the direction of ?ow 0f 
the discharging gases. In a typical engine, the ratio of 
the gaseous discharge from the exhaust opening 19 to 
the gaseous discharge from the inlet opening 15 is about 
60 to 40. 

Following such outward discharge of gases through 
the openings 15 and 19, a reverse or inward ?ow com 
mences which is due at least in part to the reduced pres‘ 
sure then present within the engine and particularly with 
in the combustion chamber 12 thereof. Such reversal of 
?ow direction induces an in?ow of ambient air through 
the opening 15 and nozzle section 13 into the combus 
tion chamber 12 to provide air for mixture with the fuel 
charge then entering the combustion chamber through 
the nozzle 21; and such in?ow of air is attendant by 
considerable turbulence within the combustion cham 
ber which produces an advantageous mixing of the air 
‘with the fuel. Such reversal of ?ow direction also induces 
an inward ?ow of ambient air through the exhaust open 
ing 19 toward the combustion chamber 21. However, it 
has been determined that very little, if any, ambient air 
?owing through the tail pipe 18 toward the combustion 
chamber 12 actually reaches the same before the next 
successive ignition cycle commences, whereupon the 
direction of ?ow is reversed. Nevertheless, such inflow of 
air through the opening 19 tends to pack air into the tail 
pipe section of the engine resulting in a greater volumet 
ric discharge (and thrust in a greater development) than 
would otherwise be the case. As indicated hereinbefore, 
this cyclically repetitive operation of the engine cOn 
tinues until the supply of fuel thereto is terminated and, 
as previously stated, a typical frequency for an engine 
of this type may be in the range of from about 30 to 
over 200 cycles per second. 
As stated heretofore, the engine 10 throughout its en 

tire length is of non-uniform cross-sectional area, and 
in the speci?c form shown, continuously changes in area 
all along the length thereof. Thus, and considering the 
tail pipe 18 and arcuate coupling 17 to be an integer, the 
combinative structure de?ning such integer incremental 
ly changes in cross-sectional area continuously from the 
pipe outlet To adjacent the exhaust opening 19 to the 
tail pipe inlet TI adjacent the transition section 16 and, 
evidently, the larger cross-sectional area occurs adjacent 
the exhaust opening 19. In a similar manner, the nozzle 
13 incrementally and continuously increases in cross-sec 
tional area from the nozzle inlet N1 adjacent the inlet 
opening 15 to the nozzle outlet NO adjacent the transition 
section 14; and in considering the precise location of 
opening N1, the smallest cross-sectional area is taken 
rather than the area of the outwardly ?ared lip, the cur 
vature of which is a lemniscate. 

In the case of the combustion chamber 12, it incre 
mentally and continuously changes in cross-sectional area 
from a larger combustion chamber outlet CO adjacent the 
transition section 16 to a smaller combustion chamber 
inlet CI adjacent the transition section 14. Each of the 
transition sections 14 and 16 incrementally and continu 
ously changes in cross-sectional area, and in each instance 
the larger area of the transition section is adjacent the 
combustion chamber 12. 

In substantially every case the engine 10 will have a 
circular cross section at any traverse plane cut there 
through normal to the engine center line thereat, and 
the reason for preference of such a cross-sectional con 
?guration is that it minimizes ?ow-energy losses and 
thereby provides the most advantageous ?ow characteris 
tics for the movement of ?uid along the combustor. Ac 
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4 
cordingly, in establishing various ratios and relationships 
involving dimensions along the engine, it is convenient 
to refer to such dimensions in linear units de?ning legths 
and diameters. Thus, if the sizes of the aforementioned 
openings NI and No, C; and Co, and TI and T0 are 
expressed in diameters rather than circular areas, then 
dimensionless ratios can be established directly with vari 
ous combustor-section lengths; and in this respect, the 
length of the nozzle 13 between the openings NO and 
N1 is taken to be NL, the length of the combustion cham 
ber between the openings C0 and CI is taken to be CL, 
and the length of the tail pipe between the openings TI 
and To is taken to be TL. 
As explained heretofore, the combustor is of non 

uniform cross section from end to end thereof and in 
considering the size of the opening in any particular com 
bustor section the mean opening size thereof is advan 
tageously used. Accordingly, the mean opening size NM 
is taken for the nozzle section 13, and the mean opening 
sizes CM and TM are used with reference to the combus 
tion chamber 12 and tail pipe 18. The following relation 
ships based on all of the foregoing dimensions have been 
found to be exceedingly important: 

NL/NM, and 
and in numerical terms it has been found that the ratio 
NL/NM, should be in the range of about 3.50 to 4.25, 
the ratio CL/CM should be in the range of about 1.25 
to 1.75, and the ratio TL/TM should be in the range of 
about 26.0 to 29.0. 

Considering a speci?c example of a valveless pulse jet 
engine of circular cross section at any plane taken there 
across and of non-uniform cross section therealong 
(wherefore each section of the combustor is frusto 
conical and the mean diameter thereof is located at a 
position therealong one third of its length as measured 
from the largest opening), the following lengths and 
diameters appear: 

NL=6 inches, CL=6 inches, and TL=40.6 inches; 
N1=1.5 inches, NO=L625 inches, wherefore NM=l.56 

inches; 
CI=4.0 inches, Co=4.25 inches, wherefore CM=4.l25 

inches; 
TI=1.l3 inches, To=1.7S inches, wherefore TM=1.43 

inches. 
Accordingly, the following relationships are presented: 

NL/NM=3.85, CL/CM=l.455, TL/TM:27.4 
In the same engine, the transition sections 14 and 16 have 
half angles of 45°  and the ratios of the openings there 
of are: 

CI/No=2.46, and COTI:3.66 
As concerns the transition sections 14 and 16, it will 

be noted that the respective lines of mergence thereof 
with the combustion chamber 12 is at a relatively sharp 
obtuse angle and, in a similar manner, the respective 
lines of mergence of the transition sections with the 
nozzle 13 and tail pipe 18 are also quite sharply de?ned. 
These sharp-line de?nitions are advantageous in that they 
tend to introduce considerable turbulence into the air 
?owing inwardly through the nozzle section 13 and tail 
pipe 18 and into the combustion chamber 12, which turbu 
lence facilitates admixture of the air with the fuel be 
ing delivered to the combustion chamber through the 
nozzle 21. 

It has been found that the non-uniformity in cross 
sectional area of the combustor avoids structural assign 
ment of a natural resonant frequency to the combustor 
which is an exceedingly advantageous avoidance in that 
it obviates any requirement for matching of the various 
sections of the combustor one with the others. In this 
respect, combustor-s of uniform cross-sectional area have 
been found to have a natural frequency of resonance 
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and, therefore, require careful matching as between the 
various sections of a combustor. This feature is of sig 
ni?cance in an engine of the type being considered which 
is not arti?cially timed—it being recalled that the spark 
ing device 20 is de-energized shortly after the engine 
has been started. 
The non-uniformity in cross-sectional area, especially 

of the inlet nozzle section 13, permits use of a tail pipe 
18 of much shorter length than otherwise would be the 
case. Further as concerns size, the volumetric capacity 
of the combustion chamber 12 will depend to a con 
siderable extent on whether the fuel being employed is 
a gaseous or liquid ?uid; and where a gaseous ?uid is 
employed, the volumetric capacity of the combustion 
chamber is usually larger than where liquid fuel is used 
because a larger volume of gaseous fuel is required to 
provide the same heating capacity as a much smaller 
volume of liquid fuel. It may be noted that methane 
gas is one of the gaseous ?uids which can be used as a 
fuel in the present engine, and the ability to burn fuel 
of this type is advantageous because it is an inexpensive 
fuel and readily available. 

In a speci?c comparison of two pulse jet engines com 
parable in every respect except that one is of the im 
proved type having a. non-cylindrical con?guration from 
end to end thereof in accordance with the explanations 
set forth herein, it has been established that the improved 
engine has signi?cantly better starting characteristics, the 
lean-out to rich-out fuel mixture range Was materially 
extended, and thrust development thereof was also in 
creased. As concerns thrust development, an increase in 
the order of 2 to 1 in the ratio of thrust per unit volume 
of the engine was experienced. Further, the improved en 
gine was markedly more resistant to ?ame-out and, there 
fore, was much more stable in its operation. 
As indicated hereinbefore, an engine constructed in 

accordance with the present invention can be used in a 
number of environments, and in this respect can be em 
ployed to provide lift and propulsion for vehicles of vari 
ous type, the discharge from the engine can be used to 
develop the supporting air for an air cushion vehicle, 
and the engine is also useful as a heater or heater-blower 
because of the high rate of heat transfer due to the 
pulsating or unsteady discharge from the engine. 

While in the foregoing speci?cation an embodiment 
of the invention has been set forth in considerable detail 
for purposes of making a complete disclosure thereof, 
it will be apparent to those skilled in the art that numerous 
changes may be made in such details without depart 
ing from the spirit and principles of the invention. 
What is claimed is: 
1. In a valve-less pulse jet engine, a combustor compris 

ing an elongated hollow tube having a frusto-conical inlet 
nozzle with an inlet opening at one end and a larger outlet 
opening at its opposite end, a ?rst frusto-conical transition 
section having an opening at its narrow end of the same 
area as said outlet opening of said inlet nozzle in com 
munication therewith and having a larger opening at its 
opposite end, a frusto-conical combustion chamber having 
an inlet opening at its narrow end of the same area as and 
communicating with the larger opening of said ?rst transi 
tion section and having a larger outlet opening at its op 
posite wide end, a second frusto-conical transition section 
having an opening at its wide end of the same area as and 
communicating with said combustion chamber outlet open 
ing and having an outlet opening at its narrow end, a tail 
pipe having an inlet opening of the same area as and com 
municating with the outlet opening at the narrow end of 
said second transition section, the tail pipe tapering out 
wardly from its inlet opening to a larger exhaust opening; 
said combustor being entirely of circular transverse cross 
section increasing incrementally and continuously in cross 
sectional area along said inlet nozzle to said ?rst transi 
tion section, along said ?rst transition section to said com 
bustion chamber, along said combustion chamber to said 
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6 
second transition section, and along said tail pipe from its 
inlet opening to its exhaust opening, but decreasing incre 
mentally and continuously in cross-sectional area along 
said second transition section from said combustion cham 
her to said tail pipe inlet opening. 

2. In a valve less pulse jet engine, a combustor com 
prising an elongated hollow tube having at one end por 
tion a frusto-conical inlet nozzle terminating at one end in 
an inlet opening and tapering outwardly from said inlet 
opening to an outlet opening and also having at the oppo 
site end portion a frusto-conical tail pipe terminating in an 
exhaust opening and tapering inwardly from said exhaust 
opening toward an inlet opening; said tube being provided 
intermediate its ends with a frusto-conical combustion 
chamber and a pair of frusto-conical ‘transition sections 
respectively connecting said inlet nozzle and said tail pipe 
to said .combustion chamber; said combustion chamber 
having an inlet opening at one end communicating with 
one of said transition sections and an outlet opening at 
its opposite end of larger cross-sectional area than its inlet 
opening communicating with the other transition section, 
and being entirely of circular transverse cross-section in 
creasing incrementallly and continuously in cross-sectional 
area from its inlet opening to its outlet opening. 

3. The pulse jet engine according to claim 1 in which 
the following relationships pertain: 

NL/NM is in the range of about 3.50 to 4.25, 
CL/CM is in the range of about 1.25 to 1.75, and 
TL/ TM is in the range of about 26.0 to 29.0 

where N1, is the length of the nozzle section, NM is the 
mean diameter of the nozzle section, CL is the length of 
the combustion chamber, CM is the mean diameter of the 
combustion chamber, TL is the length of the tail pipe, and 
TM is the mean diameter of the tail pipe. 

4. The pulse jet engine according to claim 3 wherein 
each of said transition sections have half angles of ap 
proximately 45". 

5. The pulse jet engine according to claim 4 in which 
the aforesaid relationships have the following values: 

NL/NM approximates 3.85, CL/CM approximates 1.45, 
TL/TM approximates 27.4, CI/No approximates 2.46, and 
COT; approximates 3.66 

where CI is the diameter of the combustion chamber at the 
end thereof adjacent said inlet nozzle section, NO is the 
diameter of said inlet nozzle section adjacent said com 
bustion chamber, Co is the diameter of said combustion 
chamber adjacent said tail pipe, and TI is the diameter of 
said tail pipe adjacent said combustion chamber. 

6. The combustion chamber according to claim 2 in 
which the following relationship pertains: CL/CM is in the 
range of about 1.25 to 1.75 where CL is the length of the 
combustion chamber and CM is the mean diameter thereof. 

7. The combustion chamber according to claim 6 in 
which the aforesaid relationship CL/CM approximates 
1.45. 
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