April 13, 1965 R. B. BLACK 3,177,663

PULSE JET ENGINE

Filed July 12, 1962 , 2 Sheets-Sheet 1
Q
N
\R \Q") N
= %
D
‘ AN 2 »
V. N SN ! 7R
¢ ~ /\ ) Q
l\ e
; _ == N “ fl— 2,
g ,.a- -~ “, @) ".\
| 3 VN A — w ~
} B N‘Q A8Y l 2 %
- 4L ~ \ Wit )\ P77 -
o 1B \\&’ ’ ,l:L o SN
il 1992 Sy ¥
IZH N -
T E 0 N ¥ Q
~
Q O S
N X \
N
. N
N N
n
v 3R
“’ o
I AR
iN
SR
N
Q ] N X 9
\Y
YT
-] 2\l &g
_+___ / R
= ¢/
X 1 ),y,
- \ WP 3TE Y
_’._ Ry @F— .\R, D
9 gl e L
8-t P ) A X7
} T v h\\
o
5 b A
N St

N uy
N N INVENTOR
ROBERT B. BuACK

Apmsslelte ik

ATTORNEYS -




April 13, 1965

Filed July 12, 1962

R. B. BLACK 3,177,663
PULSE JET ENGINE

2 Sheets-Sheet 2

12 % 30 i A7) 29
Vs %« 28
28 ! .
<7 y 77 @5
37 5/
Ja 30
Jz 32
o 7
<8 5
“+7 G7
I
29
F7.
28
. 7
- -7/
- "
Jo .
/éfz L 4, ‘Fg' 10
NSRS % L
' _ %,
\ ~E! :@I) 2
) N 9 R
: SR NN
g2 | 154 7”
13 3 g /? s Jo”
v 2.
TG 8 |
= 7, 57

g
12 Qf S ©, a7
. INVENTOR
o Rogert B, BLack
S BY -
//3 S

W 7 olochner
ATTORNEYS



3,177,663
Patented Apr.-13, 1965

)fce

1
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PULSE JET ENGINE
Robert B, Black, 125 Southern St., Corpus Christi, Tex.
Filed July 12, 1962, Ser. No. 209,343
15 Claims. (Cl. 66-—392.77)

The present invention deals broadly with an internal
combustion apparatus and more specifically with a puise
type combustion gas generating device adapted either for
producing power or for delivering products of combustion
for transmission to a point of use.

Pulse jet engines have been very commonly used. for
generating power, but have presented many serious limita-
tions ‘because of their normally closed inlet flaps valves.
Such engines also require. a comparatively .long exhaust
or -tail pipe to create the resonance forces necessary for
aspiration and ignition of the fuel-air mixture. The long
exhaust or tail pipe is necessary since this creates an
inertial gas celumn and confines the exhaust in order that
there be a residial flame which ignites the incoming com-
bustible gas in the engine.  Also, these engiites cannot dis-
charge against back pressure aside from' that nominal
amount in the open ended tail pipe which holds the
residual flame in readiness to. ignite the next combustible
charge delivered into the cylinder. - The outward flow of
the inertial gas column creates a partial vacuum which
opens the normally closed valves for inlet of air to mix
with: the fuel and be ignited by the residual flame when
the. proper combustible mixture is attained. Tt was a
recognition of these shortcomings-of the pulse jet engines
and the need of a construction which would operate at
all times on-a back pressure far greater than that created
by the pulse jet engine tail pipe, which led to the con-
ception and development of the present’ invention.

‘Accordingly, among the objecis of the present invention
is the provision of a pulse type engine which does not
use normally closed iunlet valves which open only when
the pressure inside the engine is less than that outside,
but rather uses normally open valves which remain open
even when ' the pressure inside the engine is moderately
greater than on the outside.

Another object of the invention is to utilize the delivery
of fuel under moderately high pressure to draw air into
the inlet end of the assembly where it mixes with the
fuel on the way to the combustion chamber.

‘Another object of the invention is te provide an engine
which is self-starting without the use of compressed air
ot other starting auxiliaries.

Another object is to have not only normally open in-
take valves ahead of the combustion chamber; but also
normally opén breather valves. 1mmed1ate1y fol Iowxng the
combustion chamber so as to make aspiration and com-
bustion possible with the use of a very minimum of energy.

A further object is to provide a pulse or intérmittent
type engine having the ability to :discharge combustion
gasses against moderately high back pressure thus making
the'engine practical for many applications where the ordi-
nary pulse jet engine would be useless.

A furthér ‘object of this invention is to eliminate de-
pendence upon residual flame for igniticn-of the com-
“bustible mixture, which dependence -is essential- to the
ordinary pulse ‘jet engine, and to substitute therefor an
electrical spark ignition ‘which may be continuous or
timed, and in this way to provide for better, more com-
plete combustion cycles, and at the same time to make
possible phased operation of multiple units.

A still further object is to produce a very compact
engine of this type which eliminates the comparatively
long tail pipe heretofore required in order to create. the
essential -resonance forces necessary for aspiration and
10mt10n of the fuel-air mixture.
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Still further objects-and advantages of the. invention
will appear as the description proceeds.

1 have illustrated my invention in preferred form: in
the accompanying drawings wherein

FIGURE:1 is.an elevational view: with -part of the
covers of the valve assemblies “broken away to show
the petal valves in full line in circular recesses.

FIGURE 2 is a longitudinal section:taken as indicated
by line 2—2 of FIGURE 3.

FIGURE .3 is a fragmentary plan view ‘with the top
cover. of the inlet valve assembly removed.

FIGURE 4 is taken on the line 4—4 of FIGURE 1 and
is a plan section of the inlet valve housing with the covers
and petal valves omitted.

FIGURE 5 is an enlarged cross-section taken on the
line 5—5of FIGURE 1.

FIGURE 6 is a cross-séction on the same scale as
FIGURE 3 taken on the line 6—6 of FIGURE .1 with
the covers and petal valves omitted.

FIGURE 7 is a cross-section through a'check valve
which may be used if the combustion unit is to be used
for compressing gases.

FIGURE 8'is a wiring diagram for the ignition-system
of the combustion unit.

FIGURE 9 is a modified form of 1gn1t10n for the com-
bustion unit; and

FIGURE 10 is a fragmentary cross-section of a modified
construction taken substantlally at the same -point on
FIGURE 1 as is shown in FIGURE 5.

Referring now particularly to FIGURES 1 and 2 of
the drawings, the combustion chamber, indicated by ref-
erence numeral 11, is connected to an inlet valve assem-
bly of aspiration chamber 12 by-throat 13.- At the op-
posite end, the combustion chamber 31 is connected” by
outlet throat 14 to a breather valve chamber or assembly
15, The aspiration chamber has a body member 16 which
is provided with a-cylindrical bore 17 lengthwise of.the
same, ‘with such bore being internally threaded at oppo-
site ends. ‘Inside the bore 17 are mounted tubular frustro-
conical throat inserts 18, 19, and 20 connected together
co-axially and-mounted on 'the'side walls of the cylindrical
bore 17 of the body member 16 by means of elongated
support members 21

The outer end of the cyindrical bore is closed by a
plug 22 which is threaded into the end of the bore. A
nut-23 is threaded into the center of the plug 22 and a
nut 24 is threaded into nut 23 with the two nuts being
co-axially bored and acting'as a packing gland to-adjusta-
bly 'grip feed inlet tube 25 which carries a-nozzle 26 on
the end thereof for discharging fuel under. pressure: co-
axially into the throat inserts 18, 19, and 29 within the
bore 17 thereby:creating. a partial vacuum in the aspira-
tion- chamber.

It is to be noted -in this connection that the packing
gland- assembly of the nuts 23 and 24 permits-adjust-

sment of the location of nozzle 26 over a rangé. of posi+

tions' relative to throat insert 18 to facilitate the: best
positioning of the nozzle 26 for creation of the maximum
suction effect through the throat inserts.

Body member 16 is formed. with cross-bores 27 both
vertically and crosswise as seen in FIGURES 2,°5, and 6
to provide air inlet openings into the cyliridrical bore 17
Body member 16 is also provided with.counter-bores. 28
on its four faces which are covered. by means of cover
plates 2% having ‘inlet ports 3¢ in alignment with the
cross-bores 27 in body meémber.16. These inlet ports
30 are preferably a little: smaller .than the diameter of

‘the cross-bores 27 for purposes to be hereinafterex-

plained. . Mounted inside the'counter-bores 28 ‘on the .
inner face- of the cover plates 29 of body member 16
are moderately stiff resilient reed -valves: 31 which covér
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and uncover the inlet ports 30. These reed valves are
of petal shape and are normally open, i.e., in the posi-
tion in which the inlet ports 30 are uncovered. They
are of low inertia type and are ground and polished to
seat accurately and provide a tight seal against escape
of gases through the inlet ports during the pressure phase
of the combustion cycle. These reed valves have a cen-
tral portion 46 and radially extending individual outer
petal shaped portions 47 adapted to overlie and cover
the inlet ports 30. The central portion 46 of each of the
valve members is secured in position on the cover plates
29 of the valve assemblies by means of a bolt 48. The
cover plates 29 may be secured in place on the body
member 16 in any convenient manner as by means of
cap screws 32,

The end of body member 16 opposed to that of plug
22 is in threaded engagement with inlet throat 13 of the
combustion chamber 11, such inlet throat portion provid-
ing a cone shaped passage between the aspiration cham-
ber and the combustion chamber with the small end of
the passage freely receiving the small end of throat insert
20 and the larger end opening into the combustion
chamber 11. This combustion chamber has a boss 33
into which is threaded a spark plug 34 with the points
35 extending inside the combustion chamber 11 in posi-
tion to ignite a combustible mixture when the same is
admitted through the inlet throat portion 13 of the com-
bustion chamber 11.

The outlet throat 14 of the combustion chamber has
a threaded connection with an outlet or breather valve
assembly 15 and the outlet end 36 of the breather valve
provides ‘an exhaust port or opening from the breather
valve assembly which is threaded to permit connection
thereof to a line 37 leading to a point of use of the
products of combustion of chamber 11. The outlet or
breather valve assembly 15 is substantially the same as
inlet valve assembly 12 except that it is open ended and
does not have throat inserts. The reed valves 38 of the
breather valve assembly are substantially the same as
the reed valves 31 of the inlet valve assembly 12 and
are mounted to cover and uncover exhaust opening 3¢’
in the cover plates of the breather valve assembly (parts
in the breather valve assembly which are similar to those
in the aspiration valve assembly have prime numbers
added).

The power unit above described. can operate on 2
continuous spark delivered from spark coil 39 as shown
in FIGURE 8 and is also adapted for operation on a
timed spark delivered through a spark timer 40 as illus-
trated in FIGURE 9.

The operation of the engine is as follows:

Gaseous fuel such as propane is led to the nozzle 26
through the fuel line 25 at a pressure of approximately
125 p.si. The fuel is discharged from the nozzle into
the conical throat inserts and as it passes through these
throat inserts it creates a partial vacuum and thereby
entrains combustion air through the open valve com-
trolled inlet ports 30 which allow the air to enter the
aspiration chamber with a minimum resistance. The
combustion chamber is quickly filled with a fuel-air
mixture at the correct ratio for efficient combustion.
The fuel-air mixture in the combustion chamber 11 is
ignited by the spark of spark plug 34. When the fuel-
air mixture is ignited by the spark plug the combustion
results in a substantial and very sudden increase in pres-
sure which immediately closes all of the reed valves in
both the aspiration chamber and the breather valve as-
sembly. The hot combustion gases thus created have
no place to escape but through the exhaust outlet 36 of
the breather valve where they pass at a pressure of
90-110 p.s.i. and may be utilized to do useful work.

It has been found that the best performance obtained
is by timed ignition in which case the combustible mix-
ture is fired at the precise point when the combustion
chamber and breather valve chamber are completely
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filled. Another advantage of the timed ignition is that
any number of these combustion units may be used to-
gether and kept in perfect phase with one another by a
small synchronizer.

To summarize, the combustion unit above described
operates on a three phase cycle, i.e.

(1) Aspiration phase.—Fuel-air mixture is forced into
the combustion chamber.

(2) Combustion phase—The fuel-air mixture is
ignited and the hot expanded gases are forced from a
discharge port to do useful work. During this phase all
of the reed valves instantly close.

(3)- Exhaust phase—When the pressure has been dis-
sipated the spring-loaded, normally open reed valves
instantly open allowing the burned gases to escape from
the breather valve assembly as the fresh fuel-air mixture
is admitted to the combustion chamber through the
aspiration chamber.

It will be noted that the aspiration phase and the ex-
haust phase occur simultaneously, the aspiration action
scavenging the burned gases from the previous cycle. As
‘was pointed out above, the spark ignition might be com-
tinuous in which case the fuel-air mixture will fire when
a critical ratio is reached in the area of the spark plug.
In this case, cycle frequency is determined by the rate at
which the fresh fuel-air mixture is supplied to fill the
chamber after each combustion cycle. )

In certain instances it is advantageous to time the fuel
admission, inasmuch as continuous admission may tesult
in some loss of the combustible mixture through the ex-
haust openings in the breather valve chamber prior to
the combustion cycle. In such system, fresh fuel-air mix=
ture should enter the combustion chamber only until the
combustion chamber and breather valve chamber are com-~
pletely filled. The fuel flow should then be terminated
and the mixture fired. B

Continuous fuel admission may be employed efficlently
if the correct ignition frequéncy is used. In this case the
fuel-air mixture will be fired at the precise interval re-
quired to refill the combustion unit with fresh fuel-air
charge which scavenges the burned gases from the pre-
vious cycle.

If the combustion unit is to be used for compressing
gas, a check valve as shown in FIGURE 7 is employed.
This valve is located at the outlet port 36 of the breather
valve assembly 15. This valve consists of valve mem-
ber 41 which seats against valve seat 42. The valve
stem 43 holds the valve in alignment with the valve seat
and spring 44 and keeps the valve in normally closed
position. When the combustion phase of the cycle takes
place, the pressure of the hot combustion gases opens the
spring-loaded valve 41 allowing the gases to escape
through outlet port 45. This port may lead to a pressure
tank for storage of the exhaust gases prior to use for
paints, spray guns or other purposes requiring comipressed
gases.

The reed valve assemblies are shown in more detail iri
FIGURES 2 and 5. Referring to FIGURE 5, it is pointed
out that when combustion takes place, the hot gases at
high pressure back up through cylindrical bore 17 and
the cross-bores 27 of the aspiration chamber in line with
the inlet ports 30. The expanding gases act against the
under face of the petal valves and since the inlet ports 30
are a little smaller than the cross-bores, this back pres-
sure in the cross-bores will assure the instant closing of
the petal valves to cover the inlet ports. The same action
takes place in the breather chamber when combustion
occurs in the combustion chamber.

In FIGURE 10 T have illustrated my invention as ap-
plied to an engine having a cylindrically shaped aspira-
ation valve assembly. (Like parts in this figure to those
in FIGURE 5 have double prime marks added.) In this
figure the aspiration chamber 12 is circular in cross-
section. The body of the aspiration chamber has a cylin-
drical bore 17, throat inserts 18", and 19" and 20" as
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shown in FIGURES 2, 4, 5, and 6 supported by throat
insert supports 21”. . Cross-bores 27" “extend radially
from cylindrical bore 17" and lead to openings 30" in
the cylindrical cover of the aspiration chamber. Reed
valves 31" are bolted to the interior of the cylindrical
cover.and are adapted to cover and uncover the inlet open-
ings.” As in the other figures, these valves will close in-
stantly when back pressure from the combustion ¢chamber
- is transmitted through cross-bores 27" to the under faces
of the valves. The breather valve assembly can also be of
cylindrical form, but, of course, the throat inserts would
be omitted. : ‘

The use of a breather valve assembly as shown in the
drawings with spark plug ignition of the fuel-air mixture
gases completely eliminates need for a long tail pipe and
permits operation of the engine against ‘a much higher
back pressure than is  possible ‘with the usual type of
pulse jet engines.

I claim as my invention:

1."A pulse. jet engine having a combustion chamber
and -an aspiration. chamber and breather chamber com-
municating  therewith a- plurality of air inlet openings
formed in the walls of said aspiration chamber, a plural-
ity of reed valves supported to cover and uncover said
openings, said reed valves being normally open; means
to introduce fuel under pressure through said aspiration
chamber - thereby lowering the internal pressure in said
chamber and drawing combustion air through said open-
ings, means in said ‘combustion chamber to ignite the
fuel-air mixture therein, an outlet port in said breather
chamber, a plurality of exhaust openings in the walls of
said breather chamber, a plurality of reed valves supported
to cover and uncover said exhaust openings, said reed
valves being normally open, the reed valves in the aspira-
tion chamber and the breather chamber being constructed
and arranged to be closed by pressure of the -expanded
gases on explosion of the fuel-air mixture in the combus-
tion chamber.

2. A pulse jet engine having a combustion chamber and
an aspiration chamber and breather chamber communicat-
ing therewith a plurality of air inlet openings formed in
the walls of said aspiration chamber,-a plurality of reed
valves supported to cover and uncover said openings, said
reed - valves being normally open; a throat connecting
said aspiration chamber and combustion chamber, frustro
conical tubular members mounted in said aspiration cham-
ber to discharge into said throat co-axially thereof, means
to.introduce fuel under. pressure into said tubular mem-
bers coaxially thereof, thereby drawing combustion air
through said openings, means in said combustion cham-
ber to ignite the fuel-air mixture therein, an outlet port
in said breather chamber, a plurality of exhaust openings
in"the walls' of said breather chamber, a plurality of
reed valves supported to cover and uncover said exhaust
openings, said reed valves being normally open, the reed
valves in the aspiration chamber and the breather cham-
ber being constructed and arranged to be closed by pres-
sure-of the ‘expanded gases on: explosion of the fuel-air
mixture in the combustion chamber.

3.°A construction .according to claim 1 ‘wherein the
aspiration chamber has a housing having a central cylin-
drical -bore, a throat connécting said bore to the combus-
tion chamiber, means-to discharge fuel under pressure into
said cylindrical bore, a plurality cross bores in said hous-
ing connecting said central bore and the air inlet openings
in the walls of the chamber, the normally open reed valves
being interposed between the ends of said cross bores and
said air inlets.

4. A construction according to claim 1 wherein the
breather chamber has a-housing having a central cylin-
drical bore with the outlet port at the end thereof, a throat
connecting said bore to the combustion chamber, a plural-

. ity of cross bores in said housing connecting said central
bore and the. exhaust openings in the walls of the: cham:
ber, the normally open reed valves: being interposed be-

10

15

20

25

30

40

50

55

60

65

70

75

6

tween the ends of said cross bores and said exhaust opeti~
ings. :

5. A -construction according to claim 1 wherein the
ignition. means comprises an intermittently - operating
spark plug. :

6. A construction according to claim 2 wherein the ‘as-
piration chamber has a housing having a central .cylindri-
cal bore, said throat connecting said bore to the combus-
tion chamber, the frustro-conical tubular members being
mounted co-axially in said cylindrical bore, and a plu-
rality of cross bores in said housing connecting said cen-
tral bore and the air inlet openings in the walls of the
chamber, the normally open reed valves. being interposed
between the ends. of said cross borés and ‘said air. inlet
openings,

7..A construction according to claim.2 wherein the
aspiration chamber has a housing having a central. cylin-
drical bore having said frustro conical members mounted
therein, a throat connecting $aid bore to the combustion
chamber, a plurality of cross-bores in said housing’ con-
necting said central bore and the air inlet openings in the
walls of the chamber, the normally open reed valves being
interposed between the ends of said cross bores and said
air inlets.

8. A construction according to claim 2 wherein the
breather chamber has a-housing having a central cylindri-
cal bore with the outlet port at the end thereof, a throat
connecting. said bore ‘to the combustion chamber, a plu-
rality of cross bores in said housing connecting said central
bore and the exhaust openings in the walls of the cham-
ber, the normally -open reed valves being interposed be-
tween the ends of said cross bores and said exhatst open-
ings.

9. A construction according to claim 2 wherein the igni-
tion means comprises an intermittently operating spark
plug.

10, A pulse jet engine having a combustion chamber .
and an aspiration chamber communicating therewith, said
aspiration chamber having a housing having a central
cylindrical bore and a plurality of air inlet openings
formed in the walls thereof, a plurality of cross bores in
the housing connecting said central bore and the air-inlet
openings, a plurality of reed valves interposed between the
ends of said cross bores and the air inlet openings, said
reed valves being supported to cover and uncover said air
inlet openings and being in normally open position, means
to introduce fuel under pressure into said cylindrical bore
thereby lowering the internal pressure im said chamber
and drawing combustion air through said openings, means
in said combustion chamber to ignite the fuel-air mixture
therein, the said reed’ valves being constructed and “ar-
ranged to be closed by the expanded gases on explosion
of the fuel-air mixture in the combustion chamber.

11. A construction according to claim. 10 wherein the
fuel under pressure is discharged into‘a plurality of frustro
conical tubular members mounted in said central tubular
bore co-axially therewith.

12. A construction according to.claim 10 wherein. the
ignition means comprises an intermittently . operating
spark plug. ‘

13. A pulse jet engine having a combustion chamber;
means to inject a fuel air mixture into said combustion
chamber and means in said chamber to ignite the fuel-
air mixture therein, a breather valve chamber communi-
cating with said combustion chamber, an outlet port. in
said valve chamber, a plurality of exhaust openings formed
in the walls of said valve chamber, a plurality of reed
valves adapted to cover and uncover said exhaust openings,
said reed valves being in normally open position and being
constructed and atranged to be.closed by pressure.of the
expanded gases on explosion of .the fuel-air mixttre in
the combustion chamber. .

14, A construction according to claim.13 wheréin said
breather valve chamber has a-housing with-a central bore
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therein communicating with the combustion chamber and
a plurality of cross bores leading from said central bore
to the exhaust openings, the said reed valves being inter-
posed’ between the ends of said cross bores and the ex-
haust openings.

15. A construction according to claim 13 wherein said
breather valve chamber has a housing having a central
bore therein communicating with the combustion cham-
ber, a’ plurality of cross bores leading from said central
bore to the exhaust openings, the said reed valves being
iriterposed between the ends of said cross bores and the
exhaust openings, and a normally closed.valve member
covering said outlet port, said valve member being con-
structed and arranged to be opened by:the pressure of

10

the expanded gases on explosion of the fuel-air mixture
in the combustion chamber.
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