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While my invention relates broadly to systems
for producing and discharging mixtures of li-
quids and gaseous fluids, with special reference
to spray systems, it is especially advantageous
for liquid fuel burner systems, and, for the pur-
pose of the present disclosure, will be so described.

In a .fuel burner system of the present type
fuel, oil and compressed air is delivered to a fuel
nozzle by separate passages for intermixture and
ultimate discharge in spray form, the liquid fuel
usually being subjected to preliminary heating,
for example by an electric heating element.

One common need for improvement in these
systems is the venting of the liquid passages and
the deaeration of the liquid preliminary to op-
erating periods. This need is especially marked
in burner systems that characteristically operate
only intermittently, as in the case of domestic

heating systems operating under thermostatic

control. Between operating periods air pockets
tend to form in the static liquid, with consequent
faulty fuel discharge upon resumption of com-
bustion operation.
~ One object of my invention is to meet this
need by providing for automatic preliminary de-
aeration flow of the liquid through a nozzle by-
pass in preparation for each period of combus-
tion operation. The location of the by-pass is
important because placing the by-pass for de-
aeration any distance from the burner nozzle
necessarily means omitting a portion of the fuel
line from the deaeration effect. )

A second need for improvement in systems of
the present type is to avoid nozzle leakage aris-
ing from residual heat after the termination of
an operating period. When the burner system
is deenergized thz heating element maintains a
relatively high temperature for a short period of
time, and the consequent local expansion and
evaporization in the associated fuel line usually
displaces fuel toward. the burner nozzle with con-
sequent dripping and carbon formation at the
nozzle orifice.

Another object of my invention is to prevent
this delayed-action displacement to the nozzle
orifice during idle periods by placing a valve in
the fuel line between the heating element and the
nozzle orifice. Fortuitously the locating of the
fuel by-pass at the nozzle to meet the first-men-

tioned object of the invention, viz: complete ¢
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aeration of the fuel line, facilitates the attain-
ment- of this second object of preventing drip.
In this regard a feature of the invention is the
employment of a three-way nozzle valve having
one position for normal combustion operation

- and a second position for idle periods at which
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second position the three-way valve completely
cuts off the nozzle orifice and places the fuel line
in communication with the by-pass. .

One difficulty in spraying some kinds of li-
quids in fuel burner systems, as well as in other
systems, is the tendency for the liquid valves to
become clogged, especially when highly viscous
liquids are employed.

A further object of my inveution is to avoid
this difficulty, along with certain other troubles,
by periodically flushing the liquid valve with a
gaseous fluid. In the preferred practice of the
invention it is my purpose-to flush the nozzle
valve periodically by reverse air flow.

A still further object and feature of my in-
vention is to employ a three-way nozzle valve so
constructed as to provide automatically for the
reverse air flow at an intermediate position of
the valve both immediately before and imme-
diately after a period of combustion operation.

The above and other objects and advantages
of my invention will be apparent in the following

- detail description taken with the accompany_ing

drawing.

In the drawing, which is to be regarded as
merely illustrative, the accompanying figure is a
longitudinal sectional view of an air tube and
burner nozzle employed in the preferred practice
of the invention, certain pertinent parts of the
system associated with the nozzle being shown
diagrammadticaliy. .

This invention may be applied to any conven-
tional oil burner, although I prefer to use it in
conjunction with the type of oil burner shown
in my prior patents Nos. 2,397,986, 2,397,987, and
2,397,988, of which. this case is a continuation-in-
part, and my copending application Ser. No.
657,359, filed March 27, 1946, the disclosures of
which patents and application are incorporated
herein by reference. Referring now to the draw-
ing, the oil burner nozzle assembly comprises a
primary air supply line or tube 17, a nozzle {8,
an oil supply line 19, a heater 20 associated with
the oil supply line 19, and a pair of electrodes 21-
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associated with the nozzle for igniting the mix-
ture of oil and air in starting the burner. An air
pump shown diagrammatically at 24 supplies
primary air to the nozzle through fitting 32, a
blower (not shown) supplies secondary air, and
a motor (not shown) drives an oil pump 25 which
provides oil under pressure to the nozzie. The
fluid course or gaseous supply passage for the
primary air has relatively large storage capacity,
which capacity insures an even flow to the nozzle.
It is important that the fluid course have a suf-
ficiently large total volume relative to the flow
capacity of the nozzle orifice 28 to serve as a
reservoir for maintaining flow through the nozzle
orifice for a substantial period of time after the
air supply to the fluid course is cut off. Oil for
fuel is stored in a suitable fuel supply tank and
is led therefrom through pipe 38 to the oil pump
25, which is preferably combined with an air
pump 24 in the manner disclosed in my copend-
ing application Ser. No. 657,359, entitled Dual
pump, filed concurrently herewith. Where grav-
ity feed cannot be used, an auxiliary pump (not
shown) should be provided to boost oil from the
supply tank to the oil pump. The oil pump 25
delivers the fuel oil through the supply line 3¢
and the previously mentioned pipe {8 to a three-
way valve that is concealed in the nozzle 18 as
shown in the drawing. The three-way valve is
governed by an actuator or automatic valve con-
trol 44, At the idle or non-operating position of
the three-way valve, the end of the oil supply
pipe i9 at the nozzle 8 is placed in communica-
tion with a by-pass pipe 42 that leads from the
nozzle {8 back to the fuel oil supply tank. In re-
sponse to rise in pressure in the air supply pipe
32 the automatic control 41 moves the three-way
valve to its normal operating position, thereby to
place the end of the oil supply line 29 at the noz-
zle {8 in communication with the nozzle orifice
28. When operation of the described arrange-
ment is started, oil discharged from the pump 25
through the supply pipes 39 and {9 is initially
by-passed at the nozzle back to the supply tank
through the by-pass pipe 42. As soon as sufficient
pressure is built up in the fluid course ¢o insure
proper delivery of primary or atomizing air to
the nozzle 18, the pressure-responsive actuator
will react to the rise in air pressure by operating
the three-way valve in the nozzle 18 to cut oft

the by-pass pipe 42 and to open communication

to the nozzle orifice 28, whereupon a fuel mixture
of oil and air is sprayed from the nozzle for com-
bustion. When, for any reason, the air pressure
in the fluid course drops below that for which the
device is designed and adjusted, the pressure-
responsive actuator 4¢{ will operate the three-way
valve in the nozzle to cause the oil discharged by
the pump 25 to be returned to the supply tank
by the by-pass pipe §2. :

Automatic valve control

As shown in the drawing, the interior of the
housing formed by the two body sections 8§ and
817 of the valve control 41 is divided by a flexible

diaphragm 91 into what may be termed an air

chamber 92 and a spring chamber 93. .‘The spring
chamber 98, which is closed at its outer end by
a bushing 95, encloses a spring follower 86, which
spring follower has a_circular head 97 and a
tubular stem 98. A suitable spring 100, housed
in the tubular stem 98, is provided to urge the
follower 96 against the diaphragm 9i. For ad-
Justably varying the effect of the spring 100 a
suitable adjustment screw 10(, carrying a lock
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nut 102, extends through the bushing 95 in abut-
ment with the outer end of the spring 100.

The inner body section 87 of the valve control
41, into which the air tube (7 is threaded, en-
closes a second smaller follower 103 in abutment
with the diaphragm 8(. This second follower
103 has a tubular stem 195 that is slidingly guided
by the bore leadirg to the air tube 17, and pref-
erably suitable grooves 106 are formed in the
surrounding guiding walls to provide free com-
munication between the air chamber 92 and the
interior of the air tube 1.

Seated in the tubular stem 105 of the follower
103 is the reduced end 107 of a valve control rod
108 that extends through the air tube 17 and
forms with the air tube an annular air passage
$10. In the other end of the control rod 108 &
socket {11 is formed to receive a tubular fitting
12, the tubular fitting having a radial flange
113 in abutment with the end of the rod. A suit-
able helical spring {15 is seated against the radial
flange 113 to continuously urge the control rod
08 toward the diaphragm 81, but this spring {15
is substantially weaker than the previously men-
tioned spring 180. Seating in the tubular fitting
112, and secured therein by a pin 104, is the stem
189 of the valve member {8 of the previously
mentioned three-way valve in the nozzle.

A suitable fitting 146 is threaded into the outer
body section 86 for connection with the previous-
iy mentioned pipe 232. Suitable registering bores
in the two body sections 8§ and 81 form a longi-
tudinal passage {11, which passage joins a radial
bore {48 to provide for air flow from the fitting
§46 to the annular air passage 110 in the air tube
{7. The radial bore §18 is closed at its outer end
by a suitable plug §20, and is in communication
with the air chamber 92 through a short bore 121.

_It is apparent that pressure changes in the pre-
viously mentioned fluid or air course tnat in-
cludes an air chamber in the burner, the pipe
32, and the air tube {7 will be transmitted to the
air chamber 92 to act against the diaphragm 91.

. The air pressure against the diaphragm is rein-
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5 forced by the spring {15. The relative magni-

tudes of the forces involved is such that in the
absence of substantial pressure in the air cham-
ber 82 the spring 180 will cause the control rod
108 to hold the valve member {4 in its outer
limit position, i. e., the limit position to the right
as viewed in the drawing. When .the pressure -
in thé air chamber 92 rises in response to rise of
bressure in the air supply pipe 32, the spring 106
is compressed and the valve member |{4 moves

3 to its inner limit position, or to the left as viewed

in the drawing.
Nozzle construction

The nozzle 18 has a tubular body (22, with a
threaded radial port 123 for connection with the
oil line 19, and a second threaded radial port 125
for connection to the by-pass 42, the two ports
being offset from each other longitudinally of the
tubular body. The inner end of the tubular body
122 is threaded onto the primary air tube 17, and

..into the outer end is threaded a nozzle fitting

70

126 having the previously mentioned nozzle ori-
fice 28. Fixedly mounted in the interior of the
tubular body is a cylindrical liner 127 that is cut
away as shown at the two ports 123 and 125.
The three-way valve that responds to the valve

" control 41 includes a valve chamber (30 opposite

75

the port 123, which valve chamber is formed by
‘the liner 127, a bushing 13! threaded into the
outer end of the liner, and a valve core 132 that
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is fixedly mounted in the liner.
has an axial bore (33 for flow of fluid from the
‘valve chamber 130 to the nozzle orifice 28. The
inner end of this axial bore forms a valve seat (3%
for the valve member i {4, while the outer end of
the bore is continued forward by a small tube I33
integral with the bushing.

The small tube (36 extends with circum-

The bushing {3( .

ferential clearance, as well as end clearance, into

an axial bore 137 in a nozzle core 138 that is
seated in the nozzle fitting 126 and is held in
place by a suitable helical spring 139 in com-

10

pression between the nozzle core and the bushing -

131. It will be noted that the bushing 13{ is
smaller in diameter than the surrounding cylin-
drical wall of the tubular body 122, and that the

- bushing together with the small tube {36 forms

an annular chamber 140 in the tubular body.’

The annular chamber {42 communicates with the
nozzle orifice 28 throuth a series of channels
formed by peripheral grooves 141 in the nozzle
core 138, and also communicates with the nozzle
orifice through the axial bore 37 and one or more
openings 142 from the axial bore 131 to the
periphery of the nozzle core. It will be noted
that the forward end of the nozzle core is spaced
inward from the nozzle orifice 28 and is formed
with a small conical projection (43 coax1a1 with
the nozzle orifice 28.

The valve core 132, which is bored to slidingly
embrace the valve stem 109, is formed with a
valve seat 145 at its forward end and is cut away
to provide a fluid passage 146 from the valve seat
to the port 125 in which the by-pass pipe 42 is

threaded. Preferably the valve stem (09 is sur- :

rounded by suitable packing (47, which packing
is placed between the valve core 132 and a suit-
able annular member 148. . The. previously men-
tioned spring {15 is in compression against the
annular member 148 to place the packing 147
under suitable pressure.

Air from the annular passage 110 in the tube
{1 flows into an annular chamber 150 surround-
ing the valve stem (09 and is then conducted to
the forward annular chamber (40 through a pas-
sage 151 formed in the wall of the tubular body
122,

The drawing shows the valve member |14 in an
intermediate ‘position. When the valve member

114 is in its forward limit position, i. e., to the &

right as viewed in the drawing, it is seated in the
forward valve seat 145 to cut off the valve cham-
ber 133 from the nozzle orificz 28. At such time
fuel 01 may flow from the oil line {9 through the
valve chamber (30 and through the fluid pas-
sage 146 into the by-pass 42. On the other hand,
when the valve member {14 is in its extreme rear-
ward position, or to the left as viewed in the
drawing, it is seated in the valve seat 145 to cut
off the valve chamber 130 from the by-pass 42.
At such time fuel oil may flow from the oil line
{9 into the valve chamber (30 and through the
axial bore 133 of the bushing 13{ into the in-
terior of the nozzle core 138 for ultimate dis-
charge through the nozzle orifice 28. In moving
from one of the two valve seats to the other the
valve member {14 passes through a short range
of intermediate positions, at which Fpositions
the valve chamber {30 is simultaneously in com-~
munication with the oil line 19, the by- pass 42
and the nozzle orifice 28.

The nozzle action

The normal air pressure in the fluid course for
conducting atomizing air to the nozzle (8 will
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vary, say, from flve to thirty pounds per square
inch for different installations.. For the purpose
of explanation let it be assumed\that the normal
operating pressure for the air supply is fifteen
pounds. The normal operating oil préssure may
be of approximately the same magnitude:

.When the apparatus is idle between combustion
periods the valve member 114 is, of course, inits

forward limit position, cutting off the nozzle N
In re- °

orifice 28 from the valve chamber (30.
sponse to thermostatic. control, or other control,
the oil pump 25 and the air pump 24 start simul-
taneously, and immediately oil flows from the oil
line 19 through the three-way valve into the by-
pass 42 to return to the fuel supply tank. Initial
by-pass flow will serve to deaerate the fuel oil
that has been standing in the oil supply pipes 39
and 9. During this initial by-passing period the
heater 20 is energized to raise the temperature of
the by-passing oil, and the increase in tempera-
ture is helpful to a certain extent in the deaera-
tion.

During this initial period of time in which
the valve member [14 is effectively seated in its

forward position the air pressure gradually builds

up in the fluid course. As a result of the rising
pressure the air flows with increasing velocity out
of the nozzle orifice 28. When this rising air
pressure reaches, say, approximately one-third of
normal pressure, or five pounds per square inch,
the corresponding rise of pressure in the air
chamber 92 of the valve control 41 causes the
valve member (14 to be moved from its forward
limit position to its rearward limit position.

An appreciable period of time is required for
the valve member to complete this movement be-
tween its limit positions, and during such period
of time the valve chamber 130 is open not only
to the oil supply line 19 and the by-pass 42 but
also to the nozzle 28. Because the oil may escape
from the valve chamber to the by-pass 42 with
relative freedom the liquid pressure in the valve
chamber, during this transition period, is rela-
tively low and therefore a substantial portion of
the air supplied to the forward end of the nozzle
takes a path of relatively low resistance back

o through the small tube 136 and axial bore 133

into the valve chamber 130, the air passing out
through the by-pass 42. This reverse flow of the
air flushes out the forward valve seat {35 and pro-
duces agitation to flush out the whole valve
chamber. The momentary acceleration of flow
through the by-pass 42 created by the additional
air also tends to flush out the by-pass 42.

When the valve member {14 completes its rear-
ward movement to seat in the rear valve seat 145,
the oil pressure in the valve chamber {20 imme-
diately rises to the normal operating magnitude
and oil is discharged forward through the small
tube #36 for mixture with the atomizing air prior
to discharge from the nozzle orifice 28. The
nozzle core 138 is of a configuration to cause the
mixed liquid and air to whirl in a vortex in the
space immediately back of the nozzle orifice 28
for efficient spraying action.

At the end of a combustion period when the air
pump 24 and the oil pump 25 are deenergized
simultaneously the oil pressure in the valve cham-
ber 130 drops sharply, but the air pressure in the
fluid course for supplying air to the nozzle drecps
relatively slowly because the volume of the air
course is large relative to the release capacity of
the nozzle. At this time, while the valve mem-
ber {14 is at its rearward position, the flow of air
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to the nozzle orifice 28, through and around the
nozzle core 138, tends to clear oil out of the for-
‘ward spaces of the nozzle, such oil being consumed
as the burner flame dies out.

When the air pressure in the fluid course drops
to approximately five pounds the corresponding
drop in the air chamber 82 causes the valve mem-
ber 114 to be moved forward to the forward valve
seat 135 to cut off the valve chamber 130 from the
nozzle orifice. In the time period of appreciable
duration in which this forward movement occurs,
the valve chamber 130 is again open to the nozzle
orifice as well as to the oil supply pipe (9 and the
by-pass 42, and again reverse air flow is set up
through the small tube 136 and the axial bore 133

into the valve chamber 1380. The reverse flow of

air sweeps residual oil in the forward portion of
the nozzle with concentrated effect on the small
tube 136 and the axial bore §33. At the comple-,
tion of the forward movement of the valve mem-
ber 114 no quantity of oil remains forward of the
valve chamber (38 to cause any dripping of oil
from the nozzle during the suhsequent idie period
between combustion operations. - : .
After the valve member {14 reaches its forward
limit position, thereby cutting off the valve cham-
ber {30 from the nozzle orifice, residual heat in
the heating element 28 continues to heat the oil
in the supply pipe {9, but any expansion or evap-
orization arising from such delayed temperature
rise cannot cause dripping from the nozzle since
the nozzle orifice is cut off from the oil line. The
by-pass 42 is open, however, to provide a vent or
release passage for such delayed expansion or
evaporization of the fuel in the supply line.

My description in specific detail of the preferred ‘

practice of the invention will suggest to those
skilled in the art various changes and substitu-
tions within the scope of the appended claims.

I claim as my invention:

supply passage, one of said openings communi-
cating with said by-pass connection and the
other opening communicating with the orifice
whereby said valve means may cut off the heated

. Hquid from said orifice.

3. In an apparatus of the character described

. for discharging a mixture of a liquid and a gas-
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1. In an apparatus of the character described -

for discharging a mixture of liquid and gaseous
fluid, a nozzle having a discharge orifice, a gas-
eous supply passage leading to the nozzle, a by-
pass connection, a valve chamber having two
openings therein, a valve in said chamber mov-
able between a position where said means will
obstruct one of said openings to a position where
it will obstruet the other of said openings, one
of said openings communicating with said orifice,
the other opening communicating with the by-
bass connection, a liquid supply passage leading
to said valve chamber, means to deliver liquid
to said supply passage, and means to apply heat
to the liquid supply passage, the point of heat
delivery being between said delivery means and
said valve chamber whereby movement of the
valve to the position of obstructing the opening
communicating with the nozzle causes any sub-
sequent expansion by heat in said liquid supply
passage to be relieved through said by-pass in-
stead of through the nozzle orifice. o

2. In an apparatus of the character described
for discharging a mixture of liquid and gaseous
fluid, a nozzle having a discharge orifice, a gas-
eous supply passage leading to the nozzle, a by-
pass connection, a valve chamber having two
" openings therein, a valve in said chamber mov-
able between a position where said means will
obstruct one of said openings to ga position
where it will obstruct the other of said open-
ings, a liquid supply passage leading to said
valve chamber, means to deliver liquid to said
supply passage, and a heater in heat ex-
change relationship with the liquid in said liquid
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eous fluid, a nozzle having an orifice, a valve
chamber, a nozzle passage for communication
between said valve chamber and said orifice, a
liquid supply passage to said valve chamber, &
by-pass leading from said chamber, a valve in
the chamber movable between an idle position
and a normal operating position, the idle position
of the valve placing the liquid supply passage in
communication with the by-pass while cutting
off the nozzle passage, and the normal operating
position placing the liquid supply passage in
communication with the nozzle passage while
cutting off the by-pass from the liquid supply
passage, said valve also having an intermediate
position in which the liquid supply passage is in
communication with both the nozzle passage and

the by-pass, means for moving the valve through

its range of positions, and means in communi-
cation with said nozzle passage for providing gas-
eous fluid under pressure to said nozzle passage,
whereby when the valve is in its intermediate
Dosition, the pressure of the gaseous fluid will
cause a portion to flow in reverse direction
through said nozzle passage to the by-pass to
thereby flush the nozzle passage.

4. In an apparatus of the character described
for discharging a mixture of a liquid and a gas-
eous fluid, a nozzle having an orifice, a valve
chamber, a nozzle passage for communication
between said valve chamber and said orifice, a
liguid supply passage to said valve chamber, a
by-pass leading from said chamber, a valve in
the chamber movable between an idle position
and a normal operating position, the idle position
of the valve placing the liquid supply passage in
communication with the by-pass while cutting
off the nozzle passage, and the normal operating
position placing the liquid supply passage in
communication with the nozzle passage while
cutting off the by-pass from the liquid supply
passage, said valve also having an intermediate
position in which the liquid supply passage is in
communication with both the nozzle passage and
the by-pass, means for moving the valve through
its range of positions, means in communication
with said nozzle passage for providing gaseous
fluid under pressure to said nozzle passage,
whereby when the valve is in its intermediate
position, the pressure of the gaseous fluid will
cause a portion to flow in reverse direction
through said nozzle passage to the by-pass to
thereby flush the nozzle passage, and sealing
means interposed between the inner end of the
nozzle passage and the valve chamber for co-
operating with the valve when in its idle position,
whereby whenever the valve moves from normal

.. operating position to idle -position, the nozzle
65

Dassage is sealed from the valve chamber after
first being reverse flushed with air. .

5. In an apparatus of the character described
for discharging a mixture of a liquid and a gas-
eous fluid, a nozzle having an orifice, a liquid
supply passage leading to said nozzle, . means
operable intermittently to supply liquid to said
liquid supply passage, a valve chamber in com-
munication with said liquid supply passage, a
valve located between said chamber and the
nozzle to cut off said orifice from said liquid sup-



2,480,828

e

ply passage, means to move said valve to said
cut-off position automatically with time deiay
after said intermittent means. ceases to operate,
and means to force air through said valve for
flushing of the valve after the intermittent means
ceases to operate and before the valve moves to
its cut-off position, said last named means in-
cluding a low pressure by-pass port communicat-
ing with said valve chamber.

EARL JOSEFPH SENNINGER.
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