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Fluid injectors.

@ A fluid injector 1 for an oil fuel burner suitable for firing  circulate continuously in the oil fuel and delivery circuit at
the fuel of a boiler includes an injection device 2 which can  that time.
be inserted into the wall of the boiler to an operating position
at which oil discharge can be safely permitted and with-
drawn from that operating position for inspection and
servicing. A fiow control valve 3 of the fiuid injector 1 is
adapted for connection to an oil fuel and delivery circuit and
is mounted in a fixed position relative to the boiler wall. The
fluid injector 1 also includes a fluid coupling device 11
between the injection device 2 and the flow control valve 3.
The fluid coupling device includes male and female termin-
als 19 and 20, respectively, which are fast with the injection
device 2 and the flow control valve 3, respectively. The male
N and female terminals 19 and 20 are disconnected as the
< injection device 2 is withdrawn whilst the change-over valve
remains mounted to the boiler wall and connected to the oil
fuel and return circuit, at which time the female terminal 20
8 isolates that circuit from the withdrawn injection device 2
and seals flow from the circuit within itself. When the
< injection device 2 is inserted to its operating position, the
< male terminal 19 interconnects with the female terminal 20
to communicate the oil fuel and delivery circuit with the
injection device 2 through the fiow control valve 3. The flow
© control valve 3 may provide a direct flow path through itself /
when the injection device 2 is withdrawn to aliow oil to
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Fluid Injectors

This invention concerns imprp%ements in or
relating.to fluid injectors.

» According to the invention there is prOVLded a
fluid injector comprising an injection deV1ce, and means
Tor gonnecting said fluid injector to fluid delivery and
return lines, saiq injection device being capable of being
renioved from an operating position and relative to said
connecting means wh:lst .said connecting means is connected
to the fluid dellvery and return lines, sald fluid injector
being such as to provide for flow between the fluid
delivery and return lines through said connecting meauns
when said injection device is removed whilst isolating
the fluid delivery and return lines fro@ said injection
device upon such removal.

The invention may be appliéd to varioeus fluid
injectors.. One such injector has a tip shut ‘off facility
and is mechanically atomised_and_has a change-over valve
which connects to a fluid delnvexv and return circuit as
featured in our Uunited hlnwuom pateﬂt Nos. 1,233,317 and
13‘—‘317(‘31- . -

Plothcy Tluid Jngecior to Whlbh the invention
may be appllcd is one of thc pressure Jct 1\}\«4 which is
mechanically n;on1qu and incorporates a finid atomiscer
al the discharge end and an operating valve wvhich connceeat:

ava

to a fluid delivery and return circuit.
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A third fluid injector is a multi-fluid injector
with a tip shut off facility which is atomised by a second
fluid and includes a means to select discharge of
either fluid or a mixture of the fluids and includes a
change-over valve which connects to a fluid delivery
and return circuit. Such an injector is featured inrour
United Kingdom patent No. 1,497,271.

In a fluid injector constructed in accordance

. with one preferred embodiment of the invention, interlocking

male and female terminals are arranged so that it is

not possible to condition the injector for discharge

until the tip valve or the fluid atomiser whichever the
case may be has been inset to the position at which discharge
can be safely permitted. Conversely, the interlocking
device is arranged so that the tip valve or fluid atomiser
may not be retracted from the position of proper discharge
without first isolating the fluid supply. In these {fluid
injectors which utilize a second fluid such as the pressure
jet type which although mechanically atomised is both purged
and cooled by a second fluid and the multi-{Tluid

injector having a tip shut off facility which relies

on a second fluid to assist atomisation as well as for
purging and cooling, then the second fluid is also ported
through the interlocking device so that upon retraction

of the tip valve or fluid atomiser the supply of second
fluid is also isolated.

In c}rcumstances whereby the tip valve or fluid
atomiser may be accidentally or unintentionally retracted
with the change-over valve or operating valve positioned
to condition the i1ip valve or fluid atomiser for fluid
discharge, the interlocking device will operate to isolate
the fluid delivery and return circuil as well as the
second fluid circuit before the tip valve or fluid atomiser
is retracted from the range of posiiions at which discharge

can be permitted.
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External means may be provided so that in the
event the tip valve or fluid atomiser is accidentally
retracted when conditioned to discharge, then the change-

over valve or operating valve may be automatically

positioned as if to condition the injector for non-~discharge.
In order that the invention may be well understood i
there will now be described some preferred embodiments

thereof, given by way of example, reference being had to

- the accompanying drawings, in which:

Figures 1A and 1B together comprise a side elevation,
partly sectioned, of a first fluid injector in an inset
operating position but conditioned for non-discharge;

Figures 2A and 2B together comprisera sectioned
plan view along line II-II of Figure 1;

Figure 3 is a view corresponding to Figures 1A and 1B
showing the same fluid injector not only in an inset
operating position but also conditioned for discharge;

Figure 4 is a scrap plan view sectioned along
line IV-IV of Figure 3;

Figure 5 is a view corresponding to Figures 1A and 1B
but showing the same fluid injector in a mon-operating
position; _

Figure 6 is a scrap plan view sectioned along
line VI-VI of Figure 5;

Figure 7 is an end view taken on line VIII-VIIIX
of Figure 1 but with the change-over valve of the fluid
injector removed;

Figure 8 is a scrap sectioned plan view of a similar
injector to that shown in the preceding figures but with on
alternative mechanical interlocking terminal;

Figures 9A, 9B and 9C togecther comprise a side
clevation, partly sectioned, of a second fluid injector
in a non-operating position; 7

Figures 10A and 10B together comprise a sectioned

plan view along line X-X of Figure 9;
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Figure 11 is an end view taken on line XI-XI of
Figure 9 but with the change-~over valve of the fluid
injector removed; .

Figures 12A and 12B together comprise a side
elevation, partly sectioned, of a third fluid injector
in a non-operating position;

Figures 13A and 13B together comprise a sectioned
plan view along line XIII-XIITI of Figure 12;

Figure 14 is a part sectioned plan view showing

'modified male and female terminals for each of +the

first and second fluid injectors when the injector is in
a non-operating position;

Figure 15 is a scrap view corresponding to Figure

15 but showing the male and female terminals interconnected;

and

Figure 16 is a scrap sectioned plan view showing a

male bridge mated with the female terminal of the first
or second {fluid injector.

In the various figures, like references indicate
like parts.

Each of the fluid injectors to be described is
primarily intended for incorporation in an oil fuel
burner suitable for use in a fossil fired burﬁer. Such
burners are arranged in the furnace walls of the boiler
for firing the boiler's fuel. 0il fuel is used as the
prime fuel for {iring burners, or as a secondary fuel for
igniting coal when that is the primary fuel, or in
combination with gas as an alternative primary fuel. The
boiler would generate steam, and have land, marine or
other industrial applications.

The fluid injector 1 shown in Figures 1 to 7 has
a considerable degree of similarity to that disclosed in
our United Kingdom patents Nos. 1,231,631 and 1,233,317
in that it includes an injection device 2 at its forward

end and a change-over valve 3 at its rearward end, both

-—
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of which are esséntially constructed and operate in a
like manner to their counterparts in those patents. .As
such, the injection device ahd-change-ovér valve will
only be described herein so far as it may be necéssary
for the présent‘injector to be understood, and atteﬁtion
is directed to oﬁr'aforemeﬁtioned patenté for a full
and complete disclosure which is herein incérpdra%édr
by reférencei ‘ 7 ' f
Thus, the injection device 2 includes an
atomiser assembly 4 in which the fluid is mechanically
atomised during discharge supported in the forward
end of the ihjéctor barrel 5 which would normally be
suitably mounted in the wall of the boiler with its forward
end in an opeféting pbsitidh inset from the boiler interior.
A tip valve 6 of the injection device is mounted for axial
sliding moﬁemenf énd is aéfed upon by a spring 7 the bias
of - which is sufficient to urge the tiﬁ vélVe:fbrwardly
to .close a discharge passage 8 in the atomiser assembly
when there is no fluid supply to the injection device.
Noimally, filuid is continuously supplied to
the injection device 2 whenever the fluid injector is
conditioned to discharge the fluid or is shut-down. It
is a particular feature of the injector that when conditioned
for non-discharge, fluid is continuously circulated through
it to cool the forward region thereof and obviate the need
for the injector to be retracted away from the boiler interior.
Again, because of the continuous circulation, fuel cracking
and blockage in the injector is obviated, and there is no
necessity for cleaning between discharge operations.
When fluid is supplied to the injection device
2, the position of the tip valwve 6 is hydraulically
controlied by a pressure differential derived from the
supply flow to, and return flow from, the tip valﬁé in
conjunction with the relative arcas thercof acted upon by

such flows. Tor-that purpose, a central tube 9 -is mounted
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within the barrel 5 to define an annular duct 10 between
itself and the barrel.
In a non-discharge condition of the injecti&n
device 2, hot fluid under pressure from an external
0il fuel delivery line of an o0il fuel delivery and return
circuit is caused to flow through a central duct within :
the central tube 9 to and through the tip valve 6 and 7 ;
into a chamber 53 in the atomiser assemblf 4 from which
the fluid will pass generally radially outwardly to
return through the annular duct 10 eventually to return
to an external oil fuel return line of the same circuit.
Such a flow has the result that the tip valve is urged
forwardly to close off the discharge passage 8 in the atomiser
assembly. The chamber 43 is behind the discharge passage
and its communication with the central tube and the
annular duct is not affected by the closure of the discharge

passage so that even though the injection

-
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device is conditioned for non-discharge, fluid can
continuously circulate within the central tube and
barrel 5 past the tip valve, as shown in Figure 2 in
which the blocked arrows denote the supply flow and
the open arrows the return flow.

In a discharge condition of the injection

device 2, the direction of fluid flow just described

is reversed, as shown in Figure 4, so that the

o’

supply flow is along the annular duct 10 to the
injection device and the return flow from the
injection device is through the central tube 9. The -
reversed flow results in the tip valve 6 being urged
rearwardly to open the discharge passage 87and so
effect fluid discharge therethrough, as illustrated.

The reversal of fluid flow within the central
tube 9 and the annular duct 10 within the barrel 5 to
bring about the discharge and non-discharge conditions
of the injection device 2 is under the control of the
change-over valve 3. The change-over valve might more
aptly be termed a flow reversing or flow diverting
valve since its valve spool 47 is, as will be later
described, linearly movable between positions in one
of which to divert fluid supplied from the oil supply
line along one flow path into the central tube and
to provide a return path from the annular duct back
to the o0il return line, and in the other one of
which to divert fluid supplied from the o©0il supply
line along what was the return path into the annular
duct and to provide a retuwrn path from the central tube
(which previously served as said one flow path) back
to the o0il return line.

From the above, it will be secn that the
change~over valve 3 is, like the corresponding componeht
in the fluid injector of our aforementioncd patents,

operable (in dependence on the position of its valve

] ‘ e
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spool 47) to condition the injector for fluid discharge
or non-discharge, that conditioning being directly
brought about by a reversible fluid pressure
differential the mode of which is determined by the
direction of the fluid flow within the injector as
controlled by the change-over valve. Moreover, when

conditioning the fluid injector for non-discharge,

the change-over valve permits a continuous circulation

of fluid wiihin the injector from the o0il supply back
to the ¢il return line when the injector is
coupled into a mains supply of fuel oil.

The present injector of Figures 1 to 7 differs
from that of our aforementioned patents in that its
change-over valve 3 is not located axially in line with
the injector barrel 5. Rather, the change-over valve
is displaced downwardly of the barrel, although with
its longitudinal axis still parallel with that of the
barrel, and there is provided a fluid coupling device
1l between the change-over valve and the rearward end

of the barrel.

The function of the fluid coupling device 11
is to enable the barrel 5 with the central tube 9
therein to be retracted from the boiler wall to permit
inspection, servicing or replacing of the components
of the injection device 2 without disturbing the
mounting of the change-over valve 3 and the o0il supply
and return line coupled thereto.

The fluid coupling device 11 is such that
the oil supply and return Iine are automatically
isolated from the unit comprising the injector barrel 5
and the central tube 9 unless the barrel is fully inset
to ihe correct operating position in the boiler wall
15 at which fluid discharge is safely permissible.

Retraction of the tarrel from the fully inset position
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automatically causes the fluid coupling device to

disconnéct the o0il supply and return lines

the barrel

and central tube

from’

unit. Accordingly, even

though the change-over valve 3 may be positioned to

condition the fluid injector for discharge, until the

barrel has been fﬁlly inset to the correct operating

position discharge will not take place.

Indeed, should

at that time the change-over valve be positioned to

condition the injector for non-discharge but to accept

a continuous circulation of fluid through it=elf, i.e.

through the central tube and the

the barrel
place eith

annular duct 10 in

, the continuous circulation will not take

er., In other words,

the {luid coupling device

will override the change-over valve with respect to

permitting flow to the barrel and central tubc unit in

all positions of the barrel except the fully inset

operating

onc. Wwhen, and only wheny

the barrel is in

that position can the change-over valve function to

cause either discharge from the injecior or the injector

to have a mnon-discharge condition with

circulatio

n; 1t follows that if the

barrel

continuous

was acciden-

tally or unintentionally withdrawn with the change-over

valve positioned to condition the injector for discharge,

i{he fluid coupling device would function to fail safe

the inject

or. Normally, of course, the change-over

ralve would be positioned to condition the injector

for non-discharge before the barrecl was withdrawn. It

should be mentioned thuat there is some degrece of latiiude

available in that there is a limited range of positions

ol the barrel ot which fluid discharge can be safely

permittced,

function t

until tihe rearward limit of thot positional r

rcached.

aund the fluid coupling device

o i1solate the

Des=scribing now

{luvid supply and

the

mounting of

wil
ret

the

I not
url?s, linos

ange is

barrel 5,
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it is housed in a carrier tube 12 which carries at
its forward end a flame stabiliser 13. The carrier
tube is slidably supported in a centre carriage 14
which may form part of a burner plate which, in turn,
forms part of the boiler wall 15, or which, as shown,
may be a separate component bolted at 16 to the boiler
wall. In any event, the centre carriage is made fast
with the boiler wall, and the carrier tube is fixed
in any desired position with respect to the boiler
wall by means of locating bolts carried by the centre
carriage, one such bolt being referenced 17. The
fully inset position of the barrel at which discharge
can be szfely permitied is shown in Figures 2 and

L,

The fluid coupling device 1l comprises a
pair of female and male terminals 19 and 20, respectively,
The female terminal is made fast with the carrier tube
12 and hence is prevented from movement since the carrier
tube is fixed to the boiler wall 15. The change-over
valve 3 is built on to the fixed female terminal. The
male terminal is made fast with the barrel 5 and hence
is movable with it and with respect to the female
terminal. Carried by each terminal are two valves
which are self-uctuated to a closure position and
which are paired with the corresponding wvalves of the
other terminal such that when the terminals are
separated upon the barrel being withdrawn, the valves
will autoﬁatical]y niove to a closed position with
respect 1o their own terminal. Conversely, when the
barrel is fully inset and the terminals are engaged
vvith one another,; the paired valves will automatically
urge one another te an open position with respect to
their own terminal. It i¢ that closing and opening
cf the prired valves which isolates and communicates,

respectively, the fluid supply and return lines

——-
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through the change-over valve with respect to the
barrel and central tube unit. The self-closure
valves are denoted by references 21 to 24.

The male terminal 20 comprises a terminal
block 25 which is affixed to the barrel 5 by means of
a collar265:welded thereto and screwed into the block.
The valves 21, 22 are biased by springs 26 towards
their seats 2la, 22a in male collars 27 which are
affixed to and project from the terminal block. A
duct 28 in the terminal block communicates the valve
22 with the barrel annular duct 10, and a second duct
29 in the terminal block connects the other valve 21
with the interior of the central tube 9.

The female terminal 19 includes a terminal
plate 30 to which the housing 31 of the change-over
valve 3 is made integral as by bolting at 32. Suitably
made fast with the terminal platc is a connecting
block 33 having fast with its upper surface a pair of
terminal blocks 34, 34a which have female collars 35
a press fit in the terminal plate. he terminal blocks
34, 3@3 are mounted on opposite sides of the carrier
tube 12 and are welded to it by which they together
with the terminral plate and the commecting block are
made fast with the carrier tube. Tt is envisaged that
the pair of terminal blocks, terminal plate and
connecting blecck could be a one~-piece casting.

The female collars 35 are sized and arranged
to reccive the respective male collars 27 and make a
seal therewith as by sealing rings 36. The valves
23, 24 are mounted one in each of the terminal blocks
34, 34z in chambers 37, 37a therein, each of which
communicates with the interior of the respective
female collar. Springs 38 bias these self-closure
valves toward their respcective scats 23a, Uhi in the

chambers 37, 374, the opposiie ends of which are

BAD ORIGINAL @



10

15

20

25

30

0044657

- 11 -~

closed by plugs 39.

A duct 40 extendé through the terminal
block 3 , the connecting block 35 and the terminal
plate 30 to interconnect the chamber 37 with a central
chamber 41 in the change-over valve 3. A duct 4la
extends through the other terminal block 34a, the

connecting block and the terminal plate to interconnect

- the chamber 37a with a radially outer chamber 42 in the

change-over valve.

The male terminal 20 is movable with respect
to the fixed female terminal 19 to withdraw and inset
the barrel 5 by means of a handwheel 43 which is pinned
at 44 to a spindle 45 in turn journalled for rotation
in the terminal block 25 but made axially fast therein.
The forward end 46 of the spindle 45 projects from the
terminal block 25 and is screwthreaded to engage in a
threaded bore 463 in the terminal plate 30 of the female
terminal 19. Thus, rotation of the handwheel will screw
the spindle into or out of the terminal plate and cause
the terminal block 25 (together with the barrel and
central tube unit) to move towards or away from the
terminal plate. The terminal block 25 is axially
guided during such movement by the sliding engagement
of its male collars 27 with the female collars 35 of
the terminal blocks 34, 3ka.

When the barrel 5 is fully inset in the boiler
wall 15 and hence is positioned as shown in Figure 2,
the male collars 27 are fully engaged in the female
collars 35. In moving to that position, the paired
valves 21, 23 and 22, 24 engage and urge each other
against the bias of their respective springs 26, 38 out
of sealing contact with their respective seats 2la, 23a,
22a, 2@3'. Thereby, a first fluid flow path inrthe
female terminal 19 from the centiral chamber 41 in the

change-over valve 3 comprising the duct 40 and the

-
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chamber 37 is communicated through the paired open
valves 23, 21 with the duct 29 in the male terminal 20
and hence with the central tube 9. At the same time,

a seconﬁ’floﬁ path in the female terminal from the
radially:outer'chémber 42 of the change-over valve
comprising the duct bl1a and the chamber 37a is

communicafea-through the paired open valves 24, 22

with the duct 28 in the male terminal and hence with

the annular duct 10 in the barrel 5.

' When the spool 47 of the change-over valve 3
is positioned as shown in Figure 1, an inlet port 48
of the change-over valve which is permanently connected
to the o0il supply line communicates with the
central chamber 41, and an outlet port 49 of the change-
over valve which'is permanehtly connected to the oil
return line communicates with the rédially outer
chamber.

iDetailing more the structure of the change-

over'ﬁalve}Bg the spool 47 has lands 50, 51 slidable
within-bushings 52,~53 mounted in the housing 31. The

central chamber 41 is defined within the bushing 52,

and the radially outer chamber 42 between that bushing

and the terminal plate 30. The spool is selectively
linearly movable into fluid discharge and non-discharge
poesitions by any suitable means, that illustrated

being a doubléracting pneumatic piston/cylinder unit

54 whose cylinder is bolted at 55 to the rear end of
the bushing 53. ' '

o ’ THereBy, the positioning of the 'valve spool 47
shown in Figure 1 will cause, when the terminals 19, 20
are engaged, fluid to flow from the fluid supply

line through the inlet port 48 and a radial hole 56
in the bushing 52 into the central chamber 41. From
there, the fluid flows through the first flow path in

the female terminal to and through the opened valve pair
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23, 21 into the duct 29 in the male terminal and
finally into the central tube 9, as indicated by the
blocked arrows in Figures 1 and 2. At the same time,
fluid can return through the barrel annular duct 20
via the duct 28 in the male terminal and the opened
valve pair 22, 24 into the second flow path in the
male terminal and thence into the radially outer
chamber 42 of the change-over valve. From there,

the return fluid will flow through an axially
extending passage 57 in the bushing 52 into a chamber
58 between the bushings and along a passage 59 between
the bushing 53 and the valve spool to exit ahead of
the land 51 via a radial hole 60 in the same bushing
into the outlet port 49 to return to the 0il return
line. The return flow is denoted by the open arrows
in Figures 1 and 2. )

Accordingly, the flow direction within the
fluid injector is such that the injection device will
be conditioned for non-discharge whilst at the same time
fluid will circulate continuously from the o0il supply
line through the change-over valve 3 and the inter-
connected female and male terminals 19, 20 to the
central tube 9 and return from the annular duct 20 via
those terminals to the change-over valve and thence to
the o0il return line.

At the same time, an altermative flow path is
provided from the o0il supply to the return Jline
directly through the valve spool 47 of the change-over
valve 3 by means of the inlet port 48, hole 56, central
chamber 41, an axial passage 61 and radial holes 62 in
the spool, and radial holes 63 in the bushing 53 which
communicate with the outlet port 49, as indicated by the
open arrows in Figure 1.

That direct flow path through the change-over

valve enables an additional circulation of fluid to be
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introduced into the injector in iis non-discharge
condition, as in the injector of our aforementioned
patents.

An adjustment mechanism is provided whereby
dependent on the adjusted position of a back stop cover
64 screwed on to a sleeve 65 projecting rearwardly

from an end plate 66 of the air cylinder and within

. which the valve spool 47 is slidably supported, a back
" stop 67 attached to the end of the valve spool may be

located so that a land 68 on the bushing 53 interferes
with fluid flowing from the radial holes 62 in the spool
to provide a selective range of fluid flows circulating
within the spool which may be preset at any desired
fluid flow within the constraints of the geometry of
the change-over valve and the energy available for
pumping fluid. Alternatively, the adjustment mechanism
may be omitted so that fluid circulating through the
valve spool is fixed for given external pressures
operating in the o0il supply and return lines.

The described direct fluid flow path through
the change-over valve spool 47 has another purpose,
and a particularly important one, in the present
injector, as will appear.

When it is wished to inspect or service the
injection device 2, the handwheel 43 is rotated to
urge the male terminal 20 rearwardly and so withdraw
the barrel 5 inside the carrier tube 12. The new
position of the then "broken" fluid coupling device 11
is as shown in Figures 5 and 6 with the change-over
valve 3 remaining, of course, in the same non-discharge
position as before.

Whesn the male terminal 20 is so withdrawn, the
paired valves 21, 23 and 22, 24 are free to closec against
their respective seats under the bias of their springs

26 and 38, and so seal off the flow lines in the male

BAD ORIGINAL g}}



10

15

20

25

30

35

0044657

- 15 -

terminal and the female terminal 19. Thus, fluid

is sealed within the barrel and central tube unit.
More importantly, the valves in the female terminal
seal off the described first and second flow paths
therein at the terminal blocks 34, 3ka, so that fluid
cannot discharge from the female terminal even though
the change-over valve 3 continues to communicate the
0oil supply line therewith.

The external conduit flow lines coupling the
change-over valve 3 with the o0il mains line and '
constituting the o0il supply and return lines can be
of considerable length. When the male terminal 2C is
retracted, fluid can continue to circulate from the
0il supply back to the return line directly through the
described alternative flow path through the valve spool
47 of the change-over valve, as indicated by the arrows
in Figure 5. Thus, the o0il is kept in a liquid state,
and when the barrel 5 is replaced in the carrier tube
12 and inset again to the correct operating position
to open again the valve pairs 21, 23 and 22, 24, fluid
is able to flow without any appreciablie delay from the
0il supply 1line to circulate within the central tube
9 and barrel annular duct 10 back to the return line
to cool the injection device 2.

There are short dead legs of fluid within
the first and seccond flow paths in the female terminal
19 when the male terminal 20 is retracted, but these
are kept liquid by heat conduction through contact
with the heated 0il circulating directly through the
change-over valve. -

The direct flow path through tihe change-over
valve from the o0il supply to the return 1line when
the change-over valve is conditioning the injector for
non-discharge is present, as said, in the injector of

our aforemcntionced patents, but only for {he purposc of

2
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enabling additional fluid to be circulated within

the 1nJector. Since the change-over valve was built in
to the rear end of the barrel, it had to be withdrawn
with the barrel, and the supply flow needed to be shut
off at that time. Accordingly, there was no reason to
suppose that the direct fluid flow path could serve the
present purpose, and it was only ‘when we introduced the
fluid Eoupling device 11 into the injector that we
realised, unexpectedly, the extra function which that
flow path could 'serve and the beneficial effect which
resulted. ' ' : ' '

Without that direct flow path, there could
exist dead legs of cil within the lengthy conduits of -
the o0il supply and return lines which would tiend to
solidify depending on the “down time" of the injector
for maintenancerand which would take some time after
inset of the barrel fo liquefy during which time the
injector device, in being starved of c1rculat1ng fluid,
could become overheated and damaged.

When the barrel 5 is fully imnset in the boiler
wall 15 and the injector is to be conditioned for fluid
discharge, fhe chahge-over valve spocl 47 is moved to
the position shown in Yigure 3. " Thereby, fluid will
flow from the oil supply line through the inlet port 48

of the change-over valve and via the racdial hole 56

into a passage 68 behind the spool land 50 and thence

-through the chamber 58 in the reverse direction through

the ﬁassage 57 td'emerqe in the radially outer chamber

k2, From there, the fluid flows upwardly in tihe duct

&la 1n the female terminal’ 19 to pass wvia the opened

valve pair 54, 22 to the duct 28 of the male terminal

20 and thence into the barrel annular duct 10. The

supply flow of fluid is indicated by the solid arrows
)

in Figures 2 and 4.

-

Flﬁiﬂ can return {rom the centrasl tube 9
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through the duct 29 in the male terminal 20 and via

the opened valve pair 21, 23 into the duct 40 in the
female terminal 19 to pass downwardly into the central
chamber 40 of the change-over valve 3 and through the
passage 61 in the spool 47 to flow via the radial

holes 62 through the hole 60 in the bushing 53 back
into the outlet port 49 to be returned into the oil
return line. The return flow is denoted by the open
arrows in Figures 3 and 4.

The described flow direction is such as to
condition the tip valve 6 to open so that fluid will
discharge through the discharge passage 8 as shown in
Figure 4.

As described, there is a spill back of fluid
from the injection device 2 along the central tube 9
in that not all the fluid which is supplied to the
injection device is discharged. An additional adjusti-
ment is provided whereby dependent upon the poszition of
ad justment nuts 69 on the rear end of the valve spool
47, a land 70 on the bushing 53 is allowed to interfcre
with fluid spilling back from the radial holes 62 via
the bushing hole 60 into the outlet port 49, wiih the
result that the proportion of fluid which is returned
to the cil return limne may be selectively adjusted
to zero to provide a range of discharge flows for given
external pressures operating in the {luid delivery and
recturn lines. Alternatively, the adjustment nuts may
be omitted so that fluid discharge from the injector is
fixed for such given external pressures.

To permit an adequate fluid flow through the
opencd valve pairs 21, 23 and 22, 24 when the male 20
and female 19 terminals are engaged, the length of
the aperture formed between each such valve and its
seat must be suitably sized. In censequence, when the

male lerminal 20 is withdrawn teogether with <he barrel

.
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and central tube unit by operation of the handwheel 43,
fluid flow continues past the valve pairs for part of
the travel of the male terminal. Thus, some tolerance
must be provided to accommodate discharge through the
injection device 2 in the course of retraction of the
barrel, and this tolerance must be provided in defining

the allowable position of the injector device in

~relation to the carrier tube 12 for discharge purposes.

Additional tolerance must be provided so that as the
barrel is withdrawn and the male terminal slidingly
disengages from the female terminal, then for that
length of travel of the male terminal that fluid flow
past the valve pairs continues, the male collars 27
must be sealed within the female collars 35 as is
achieved by the seals 36.

With the self actuating to closure valves 21
and 23 of ithe male terminal 20 in the above described
injector, no means is provided for relieving the
pressure or venting the fluid within the injector
barrel when withdrawn. oSuch means is provided in
the alternative male terminal 20 shown in Pigure 8 N B
which shows, instead of spring biased valves self
actuated to closure, self vented and fixed male valves
71 providing axial fluid flow holes 72 to the interior
of the male collars 27 which serve the
same purpose as the self actuated valves.

Referring now to Figures 9 to 11, the fluid
injector 1A shown therein is generally similar to the
injector 1 of Figures 1 to 8 as modified to incorporate
the vented male valves 71 and functions in the same way.
The present injector, is modified, to enatle the use
of a second fluid to regulate discharge. For a full
disclosure of the injector device 2A and the change-over
valve 3 of the injector 1A, attention is drawn to our

United Kingdom patent No. 1,467,271 the subjeci mstter

" ,
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of which is incorporated herein by reference.

The injector 1A will only be described herein
insofar as the principal differences between it and the
injector 1 are concerned. Thus the second fluid, which
could be steam, is supplied to the injector device 2A
along an annular duct 73 defined between the barrel 5

and an encompassing outer tube 74 which is made fast

~with the barrel and central tube unit and which is also

" made fast with the male terminal 20. A steam supply

circuit is connected wvia an inlet port 75 with the female
terminal 19 so that when the two terminals are separated
upon withdrawal of the injector device, means must be
provided to isolate that steam supply from the broken
fluid coupling device 11 so that it cannot escape from
the female terminal.

To that end, the steam inlet port 75 is
pfovided in the connecting block 33 and communicates wvia
a duct 76 therein with a chamber 37b in a third
terminal block 3&2 forming a part of the integral block
and plate structure of the female terminal 20. A third
spring biased self closure valve (not shown) is arranged
in the chamber 37b to seal against its seat in a female
collar when the male terminal 20 is separated from the
female terminal. A third self venting and fixed male
valve 7la is arranged so that its male collar 27 will
enter that female collar (in the same manner as the
other two male valves in their respective female collars)
vhen the male terminal is connected with the female
terminal tc open the third spring biased valve to permit
steam to escape through that male valve via a duct 77
in a sleeve 78 fast with the terminal block 25 and
into the second annular duct 73.

The fluid injector 18 shown in Figures 12 and
13 is of ihe pressure jet type which is mechanically

atomised and incorporates a fluid atomiser assembly 4A

s
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and an operating valve 3A. In this embodiment, either
0il fuel is passed down the central tube 9 or the tube

and the atomiser assembly is purged with a coéling

fluid. There is no return path from the atomiser assembly
and hence only one set of valve means sealing the

supplied fluid within the female terminal 19 when the

male terminal 20 is withdrawn to retract the atomiser

.-assembly is mnecessary.

Cooling fluid is supplied to the operating
valve 3A through a port 79 and oil from an oil supply
line through a port 80. In the position of the
spool 81 of the operating valve shown in Figure 12,
cooling fluid can flow into a chamber 82 in which the
spool is reciprocated as by ‘a double acting pneumatic
piéton/éylindér'unit 54 ‘and via a passageway 83 in the
spool into a duct 84 in the female terminal and thence
ipto'a chamber 37 housing a spring biased closure valve
23. Since the'male terminal is shown withdrawn, the
valve 23 is closed to seal off escape of the cooling
fluid from that chamber 37. In the same position of the

valve spool, there is a direct flow path from the oil

supply 1line to the o0il return 1line +via the port 80

and passageways 85 through the bushing 86 and around
the spool into an oil outlet port 87. Hence o0il can
circulate continuously between the 1lines and so not
be prone to solidifying. When the spool is retracted,
0il can flow from the port 80 into the duct 84 but again
is prevented by the closed valve from escaping from the
female terminal,

When the handwheel 43 is rotated to screw its
threaded spindle end 46 into the terminal plate 30 and

so inset the atomiser assembly 44 into the boiler wall,

‘the male collar 27 will enter the female collar 35 and

cause its self vented and fixed male valve 71 ‘tc urge

the valve 23 open so that fluid, whether it be o0il cor
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purging cooling fluid as the case may be depending

on the position of the valve spool 81, is caused to
flow from the chamber 37 past the opened valve 23 into
the male collar 27 and thence via the duct 29 into

the central tube 9 down towards the atomiser assembly kA.

As mentioned,vhen the male terminal 20 is retracted
there are short dead legs of fluid within the first and
second low paths in the female terminal 19 of the first
and second fluid injectors 1 and 1A. Means may be provided
for intercommunicating those first and second flow paths to
obviate those dead legs upon retraction of the male terminal
20 so that fluid delivered from the oil supply line is able
to circulate continuously through them back into the o0il
return line as well as circulating directly through the
valve spool 47 of the change-over valve 3.

In one such arrangement shown in Figures 14 and 15,
the first and second flow paths are intercommunicated in the
female terminal 19 itself when the male terminal 20 is
retracted. Thus, as shown in Figure 14, the ducts 40, 41a
are interconnected in the female terminal 19 by passages
88, 89 issuing at one end respectively from each and
at the opposite end into a valve chamber 90. . A valve
member 91 is biased by a spring 92 off its seat 93 in the
valve chamber 90 when the male terminal 20 is retracted
so that the passages 88, 89 intercommunicate through the valve
chamber. Hence, fluid can flow from the o0il supply line into
the change-over valve 3 and thence along the duct 40,
passage 88, valve chamber 90, passage 89 and duct 41a back
into the change-over valve to exit into the o0il return line.

The valve member 91 extends into a recess 94 in the
female terminal 19 with the spring 92 located between the
base of the recess and the valve head 95. Sealing means
96 are providcd around the stem of the valve mcember 91
to prevent escape of fluid from the female terminal 19 when

the ducts 40, 41a are interconnected. The male terminal
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20 carries a plug 97 sized to enter the recess 94, when

the male terminal 20 is interconnected with the female
terminal 19 to inset the barrel 5 at which time it will
engage the valve head 95 to urge the valve member 91 aéainst
the bias of the spring 92 and into sealing engagement with its
valve seat 93 (as shown in Figure 15). Thereby, the passages
88 anda 89 are isolated from each other, and the resulting
flow paths in the female terminal are as in the first and

.second fluid injectors 1 and 1A.

: In an alternative arrangement shown in Figure 16
for intercommunicating the first and second flow paths

in the female terminal 19 when the male terminal 20 is
retracted, the interconnection is through a male terminal
in the form of a bridge 20A.

The bridge 20A is generally similar {o the male
terminal 20 but lacks the ducts 28 and 29. Instead, a
duct 98 in the terminal block 25 direct intercommunicates
the valves 21,22. Moreover, the barrel 5 is replaced by a
pilot tube 99 closed at its forward end. Whilst the valves
21, 22 are shown as self-actuating to closure they could
alternatively be self venting male valves as in Figure 8.

When the male terminal 20 has been rctracted to
withdraw the barrel to enable inspection or servicing of
the injection device 2, it is replaced by the male
bridge 20A which couples with the female terminal 19 in
the same manner as the male terminal 20. When so coupled,
the valves 21, 22 engage the valves 23, 24 respectively so
that the paired valves open. The result is that the ducts
4o, ng_in the female terminal 19 are connected with cach
other through the paired opened valves 23, 21,the duct
98 in the male bridge 20A and thc paired opened valves 24,22.
Accordingly, fluid delivered from the o0il supply line to
the change-over valve 3 can circulate through ihe female
terminal 19 via the male bridge 20A back into the Temale
terminal to return via the change-over valve inte the oil

return line.
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It will be noted that in each of the fluid
injectors as disclosed herein, when the male and female
terminals are interconnected, the injection device
together with the fluid coupling device and flow control
valve comprise a composite structure having flow paths
internal to that structure (thereby obviating the need
for external connecting tubes or pipes between the various
components of that structure which could be prone to
leakage where connected to the individual components) along
which 0il can be routed by the flow control valve from the
fluid delivery line to the injection device. Moreover,
in the case of the tip valve embodiments providing for a
return flow of o0il, such flow will also be routed by the
flow control valve back to the fluid return line from the
injection device via the fluid coupling device along such
internal flow paths.

An o0il burner incorporating any of the fluid
injectors as described would also have an air register
to provide the combustion air, valves to regulate and
shut off the air and fuel supplies and an igniter to

initiate combustion.

— A
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CLAIMS

1. A fluid injector comprising an injection device,
and means for connecting said fluid injector to fluid
delivery and returh'lines, said injection device being
capable ;f Eeing”removéd froﬁ an operating position and
relative to said coﬁnecting means whilst said connecting
meang is connected to the fluid deliveryrand return

lines; saidrfiuid injector being such as to provide for
flow between the fluid delivery and return lines through
said connecting means when said injection device is removed
whilst isolating the fluid delivery and return lines from

said injection device upon such removal.

2. A fluid injector as claimed in claim 1, wvherein
the act of removal of said injection device automatically
isolates the fluid'délivery and retﬁrn lines from said
injection.device, aﬁd wherein the act of replacement of
said injection dévice to its said operating position can
serve automatically to communicate said fluid delivery and

return lines to said injection device.

3. A fluid injector as claimed in claim 2, including

a flow conffol valve having inlet and return ports which
comprise said méans for connecting said fluid injector

to the fluid délivery and return lines, respectively,

said flow control valve being movable between positions

to condition said fluid injector for discharge or non-discharge
when égid injection device is in its said operatihg position,
4, A fluid ihjector as claimed in claim 3, whercin said
flow contfol Qalﬁe'provides a direct flow path through
itself interconnecting said inlet and return porfs at

least when conditioning said injection device for non-
digchnrge, by vhich to:providc'for'said flow between the
fluid delivery and return lines when said injection device

is .removed.
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5. A fluid injector as claimed in claim 4, including
a fluid coupling device between said flow control valve
and said injector device which automatically isolates

the fluid delivery and return lines from said injection
device upon said act of removal of said injection device
and vhich automatically communicates the fluid delivery
and return lines with said injection device upon said

act of replacement of said injection device providing that
said flow control valve 'is in its position at which to

condition said fluid injector for discharge.

6. A fluid injector as claimed in claim 5, wherein said
fluid coupling device includes male and female terminals

one of which is associated with said injection device and
the other of which is associated with said flow control
valve such that said terminals are interconnected to permit
fluid flow between themselves when said injection device

is in its said operating position and such that said
terminals are disconnected from each other when said
injector device is removed at which time said other terminal
automatically isolates the fluid delivery and return lines

from said injector device,

7. A fluid injector as claimed in claim 6, wherein
said male terminal is associated with said injection device,
and wherein said female terminal is associated with said

flow control valve.

8. A fluid injector as claimed in claim 6 or claim 7,
wherein said one terminal includes first flow path means
communicating with said injection device, said other
terminal includes second flow path means communicating
with =aid flow control valve, and at least said other
terminal includes valve means self-actuated to closure

to secal off said second flow path means at which time the
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fluid delivery and return lines are isolated from said
injection device, said valve means being urged open by
said one terminal when said terminals are interconnécted

to permit flow between said first and second flow path
means, and said valve means automatically moving to closure

when said terminals are disconnected.

9. A fluid injector as claimed in claim 8, wherein
said one terminal includes valve means self-actuated to
closure to seal off said first flow path means, said pair
of valve means urging each other open when said terminals
are interconnected to communicate said first and second
flow path means with each other, and each of said pair

of valve means automatically moving to closure upon

disconnection of said terminals.

10. A fluid injector as claimed in claim 8, wherein
said one terminal includes fixed valve means in said
first flow path means and formed to permit fluid flow
therepast when said terminals are interconnected and to
vent said injection device when said terminals are

disconnected.

11. A fluid injector as claimed in claim 9 or claim 10,
wherein said injection device includes a discharge passagec
and a tip valve for controlling discharge through said
discharge passage, said flow control valve being movable
into onc position to condition said tip valve to permit
fluid discharge through said discharge passage and into
another position to condition said tip valve to close

said discharge passage at which time said injection device
will accept a continuous circulation of fluid through
itselfl,
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12. A fluid injector as claimed in claim 11, wherein
said flow control valve in being moved between its said
positions changes within said fluid injector the difection
of flow of fluid supplied thereto from said fluid delivery
line, said conditioning of said tip valve being directly
brought about by a reversible fluid pressure differential
within said injector device the mode of which is determined
by the direction of the fluid flow as controlled by said

flow control wvalve.

13. A fluid injector as claimed in claim 11 or claim 12,
wherein said first flow path means comprises first and
second flow paths communicating with first and second ducts
respectively in said injection device, said valve means of said
one terminal comprises a pair of valves one in each of said
first and second flow paths, said second flow path means
comprises further first and second flow paths, said valve
means of said other terminal comprises a pair of valves

one in each of said first and second flow paths thereof,
said first and second flow paths of said other terminal
being matched with said first and second flow paths of

said one terminal so that the valves thereof are paircd
with each other, said flow control valve in 6ne of its

said positions causing fluid to flow from the fluid
delivery line through said matched first flow paths into
said first duct to return via said second duct and said
matched second flow paths into the fluid return line, said
flow control valve in the other of its said positions causing
fluid to flow from the fluid delivery line through said
matched second flow paths into said second duct to return
via said first duct and said matched first flow paths into

the fluid return line.

1h. A fluid injeclor as claimed in claim 13, wherein

said flow contirol valve is movable into a range of fluid
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discharge positions in which to provide a return path
from the .respective flow path to the fluid return line
by which, in dependence on the particular position 6f
said flow control valve, greater or lesser return flows
can- be obtained and hence a variable discharge flow
through said discharge passage for a particular fluid

supply pressure in said fluid supply line.

15. A fluid injector as claimed in claim 14, wherein
said fluid discharge valve is movable into a fluid discharge
position in which to prevent flow back into the fluid

return line.

16. - A fluid injector as claimed in any of claims 13

to 15, including means for intercommunicating said first
and second flow paths of said other terminal when said
terminals are disconnected from each other, by which fluid
delivered from said fluid delivery line may circulate
continuously through those first and second flow paths

to return into the fluid return line.

17. A fluid injector as claimed in claim 106, wherein
said intercommunicating means function automatically
to intercommunicate said first and second flow paths
of said other terminal upon the act of disconnection

of said terminals.

18. A fluid injector as claimed in claim 17, wherein

said intercommunicating means comprise first and second
passages in said other terminal communicating respectively
with said first and second flow paths thereof and valve means
self-actuating to an open position to intercommunicate '

said first and second passages when said terminéls arc

disconnected from each other, interconnection of =aid
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terminals automatically moving the same valve means to closure

to isolate said first and second passages from each other.

19. A fluid injector as claimed in claim 16, wherein
said intercommunicating means comprises a terminal bridge
adapted to comnect with said other terminal upon removal
of said one terminal and vwhen so connected to open said
pair of valves of said other terminal and provide a

duct through itself directly intercommunicating said

first and second flow paths of said other terminal.

20. A fluid injector as claimed in claim 19, wherein said
iterminal bridge includes a pair of valves self-actuated

to closure to seal the opposite ends of said duct upon
disconnection of said terminal bridge from said other
terminal and which engage said pair of valves of said other
terminal when said terminal bridgé is connected thereto

by which all said valves are opened to intercommunicate

said first and second flow paths of said other terminal

via said duct.

21. A fluid injector as claimed in claim. 19 or claim 20,
including manually operable means for connecting and
disconnecting said terminal bridge to and from said other
terminal, said manually operable means comprising a
handwheel fast with a spindle roiatable in, but axially

fast with, said terminal bridge and screwthreaded for
engagement with said other terminal, so that rotation

of said handwheel with said screwthreaded spindle in screwved
engagement with said other terminal will move said terminal
bridge axially in either of opposite directions depending
on the sense of rotaticn of said handwheel resulting in
either connection of said terminal bridge to, or

disconneciion from, said other terminal.
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22, A fluid injector as claimed in any of claims 11 to 21,
wherein said other terminal is adapted for connection to

a second fluid delivery line to enable the use of a

second fluid to regulate discharge through said discharge
passage, said terminals including cooperating valves for
communicating the second fluid delivery line with said
injection device when said terminals are interconnected

and for isolating the second fluid delivery line from said

injection device when said terminals are disconnected.

23. A fluid injector as claimed in claim 22, wherein

said valve of said other terminal is self-actuated to closure
to seal off within that terminal the second fluid delivery
line when the terminals are disconnected, the same valve
being urged open by said valve of said one terminal when

said terminals are interconnected.

24, A fluid injector as claimed in any of claims 11 to
23, wherein said flow control valve comprises a housing
having said inlet and return ports and a valve spool
movable in said housing to control the direction of fluid
flow within said fluid injector, said direct flow path

comprising a passage in said valve spool.

25. A fluid injector as claimed in any of claims 8 to 10,
wherein said injector is of the pressure jet type which is
mechanically atomised, said flow control valve being movable
into one position in which to communicate the fluid supply
line with said second flow path means to initiate dischérge
from said injection device and into another position in which

to isolate the fluid supply line from said second flow path

means,

26. A fluid injecior as claimed in claim 25, wherein said
flow conirel valve is adapted for connection to a cooling

fluid line which is communicated with said second flow
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path mecans when said flow control valve is moved into

said another position.

27. A fluid injector as claimed in claim 26,

wherein said flow conirol valve comprises a housing having
said inlet and return ports and a valve spool movable
within said housing to communicate either said fluid supply
line or said cooling fluid line with said.second flow path

means. ‘

28. A fluid injector as claimed in claim 27, wherein said
direct flow path comprises a passage around said valve
spool intercommunicating the inlet and return ports

regardless of the position of said valve spool.

29, A fluid injector as claimed in claim 24, claim
27 or claim 28, wherein said valve spool is linearly

movable in said housing.

30. A fluid injector as claimed in claim 29, including
a power means connected to said valve spool for linecarly

moving same.

31. A fluid injector as claimed in any of claims 6 to 30,
including manually operable means for disconnecting and
intercommecting said male and female terminals, operation

of said manually operable means to disconnect said

terminals from each other automatically removing said injcction
device from its said operating position, and operation of

said manually operable means to interconnect said terminals
automalically moving said injection device to its operating

position.
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32.. A fluid injector as claimed in claim 31, wherein
said manually operable means comprises a handwheel fast
with a spindle rotatable in, but axially fast with, éaid
one terminal and screwthreaded for screwed engagement
with said other terminal, so that rotation of said
handwheel with said screwthreaded spindle in screwed
engagement with said other terminal will move said

one terminal axially in either of opposite directions

- depending on the sense of rotation of said handwheel

resulting in either withdrawal from, or insertion to,

said injection device with respect to its said operating

position.

33. A fluid injector as claimed in claim 32, wherein said
terminals during their discommnection and interconnection
make sliding engagement at cooperating male and female

regions thereof to guide axially said one terminal.

34, A fluid injector as claimed in any of claims 6 to 33,
vherein said injection device comprises an injector barrel
having an atomiser assembly at its forward end and made fast

with said one terminal at its rearward end.

35. A fluid injector as claimed in claim 34, wherein
said injector barrel is housed in a carrier tube made fast
with a boiler wall and with which said other terminal

is made fast, said flow control valve being secured to said

other terminal.

36. A Tfluid injector as claimed in claim 6, wherein
when said male and female terminals are interconnected,
said injection device, fluid coupling device and flow
control valve comprise a composite structure having flow
paths internal to that structure albng which fluid can be
routed by said flow control valve from the fluid delivery
line to said injection device and rcturned from said
injection device to the fluid return line via said f{low

control valve.
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37. A fluid injector as claimed in any of claims 9 to 30,
including means making a seal between said terminals during
the act of disconnection thereof at least until closure of
said valve means of said other terminal, by which to

prevent fluid from escaping from said other terminal along
said second path means during the period the same wvalve

means moves from the open position to closure.

38. A fluid injector. as claimed in claim 37, wherein

said seal means makes a seal between said terminals during
the act of interconnection thereof and prior to opening

of said valve means of said other terminal by said one
terminal, by which when the same valve means is opened

flow between said second and first flow path means will occur

without leakage therefrom at said mating terminals.

39. A fluid injector as claimed in claim 38, wherein

said one terminal includes a projecting male collar housing
said valve means thereof, said other terminal includes a
female region sized to receive said male collar, saidseal
means is provided between said male collar and said female
region, and said valve means of said other terminal is
positioned forwardly of said female region so that when opened
it communicates said second path means first with the

interior of said female region and then via said valve means

of said one terminal with the interior of said male collar.

Lo, A fluid injector as claimed in claim 39, wherein

said seal means makes a seal between said collar and said
female region prior to said valve means of said other terminal
being urged open during the act of interconnection of said
terminals and also makes a seal between said collar and said
female region during the period the same valve means moves
from the open position to clo;ure during the act of

disconnection of said terminals.
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