Sept. 16, 1958 J. W. WHITSON 2,852,308
LIQUID FUEL INJECTORS
Filed Oct. 1, 1956

NS SN
§\$l§\§ " 16 F o2
N NN ()24
DN FANNVASLEE
22 /&W///ﬁ\’é 3 3 g,\:ﬁ RO 2220 25
e =
21— i 7
/I 12 13— :M/ ;
o g3l 2
17 é\&\\? /'55 3< H - A %§g
ez ol b 35 N
N, TN S e
| NNZ = NZlLl I
=l "N ey 2
7 2] 30 /5 FEEERET0 I 1k
" gl[g o3l T '4 \% oy |
N/ LA \\ |
NN 7\\‘)&\\§” 9
AZZN

&
%,
S
=
Ui
A

Uz ANz
G 1~
i

b

Frg.2

INVENTOR.
JSorry W WH1TSON



United States Patent O

2,852,308
Patented Sept. 16; 1958

fice

2,852,308
LIQUID FUEL INJECTORS
John W, Whitson, New York, N Y assignor of onme-half
to Mrs. Clare H. Whltson, New York; N. Y.

Application October 1, 1956, Serial No. 613;037
14 Clains, (€L 299--107.2)

My invention relates to improvéménts in hquld fuét
injectors which are used fo infroducé liquid fuél info a
combustion space in which fuel is burded. .

The object of the invention is to provzde an m]ector
which will introduce a metered fuel charge ito a com:
bustion space; thé metering of the fuel charge bemg
gccomplished through the insttumentality of Higans which
utilizes the phenomenon of the compressibility of Ilqdlds

A further object is to provide means to vary the capac-
ity of the fuel chambers of the hquld fitef mjectors 11Ius-
trated in my recently filed application for _patent upon
Eiquid Fuél Injectors, Serial Number 612 398, filed Sep-
tember 27, 1956 and issuéd 4§ Patent 2,798,769 oi
July 9, 1957.

A further object is t0 providé an injector having its
mechanisms actuated through the insthumentality of mag-
netic-attraction.

- ‘With the above mentioned and othér objects in v1ew, the
mvennon consists in the novel conmstruction and com-
bination of parts héreinafter deseribed,. illustratéd. in the
accompanying drawings, and set forth in the claims hereto
appended; it bcmg understood that various changes in
form, proportion, size, location and minor détdils of con=
struction within the scope of the claims may bé résorted
to without departing from the spirit or sacrificing any
of the advantages of thé invention. - Réferring to the
‘drawings:

Fig. 1 is a sectional view through a liquid fuet m}ector

Fig. 2 is a wiring dlagram ﬂlustratmg the electrical
controt systemr of the m]ector shown i Fig. I ]

Fig. 3 is a sectional view of a modification of the in-
jector shown in Flg 1.
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Fig. 4 is a wiring diagram xllustratmg the electrical

control system of the injector shown in Fig. 3.

In: detail the comstruction illustrated in the drawings
comprises an outer casing 1 composéd of sections of
non-magnetic material which are joimed together by the
plug mémbers 2 which divide thé casing into thé fuel
chambers 3 and 4 which dré connécted by the openings’
5 in the plugs 2.

Chambers 3 are closed at their outer énds by the caps
6 which are threaded to receive the fuel line 7 which
is connected to a source of fuel supply that can be sub-

jected to substantially constant pressure or a variable

pressure as the occasion requires.

Chamber 4, at the right of Fig. 1, is closed at ifs outer
end by the cap 8 Wthh is threaded to receive the casmg
1 and is threaded as at 9 for screwmg into an opening
leadmg into a combustion space C in which liquid- fuel
is to be burned. . . .

Cap 8 has an orifice 10 in which valve 11 is seated;
valves 12 are seated in the cpenings 5 of the plugs 2.
All of the valves have grooves 13 formed therein: to allow
for the free passage of fuel in the chambers 3 and 4.

All of the valves have coned ends 14 and a spring: 15

which tends to unseat-the valve. The springs 15 cause
the valves to bear against the coned shaped ends. of the.
movable valve obstructing elements 17, each is influenced
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to move away from its valve obstructmg position by a
spring 18.

Edch of the elements 17 has a stem 19 which extends
through an opening 19’ in a plug 20 which is composed
of magnetlcally attractive material; the stem 19 abuts
against the movable solenoid core 21 of a solenoid coil

- 22 or 23 which are secured to the. casmg 1 and are pro-

vided w1th a casing 24 composed of jron unpregnated
plastic or other suitable magnetically attractive material.

Plugs 25 seal the chambers 3 and 4 and the plugs 25
of the chambers 4 have tapped openings for the reception
of a volume adjusting screw. 26 which is provided with
a lock nut 27. ,

The above described elements are duphcated at the
left of Fig. 1 except that chamber 4, at the left; is closed
at its outer end by a cap 28 which is tapped to receive
a fuel return line 29 which runs to a fuel tank.  The cap
28 has an opening 28’ in which valve 11 is seated,

The horizontal member of the casing 1, which joins
the fuel chambers 4, is provided with the plugs 36 and
30’ to form a chamber 31 for the reception of the piston
32 which is the movable core of the solenoid 33 which
is mounted to slide on the horizontal -member of the
casing. A casing 34 composed of ‘magnetically conduc-
tive material encloses the coil 33.

A gear rack 35 i§ mounted on the casmg 34 and it en-
gages the worm gear 36 which is journaled in the brackets
37 which can be secured to the apparatus on which the in-

The plugs 39 and 30’ éach have an opening 38" which
connects the chamber 31 with the chambefs 4:

Fig. 2 illustrates a source of electrical energy. 106 which
is connected to all of the solenoid coils by wire 101 and
to solenoid coil 33 and a timer 102 by wire 103; timer
brush 104 is connected to solenoid coils 22 and timer
brush- 105 i$ connected to solenoid coils 23. The sole-
noid coils are normally maintained cnergized.

Operation

Solenoid coils 22 and 23 are normally energizéd and
each attracts its movable core 21 towards the plag 20
to bear against the stem 19 of the valve obstructing ele-
ment 17 to maintain the element 17 in its valve obstruct-
ing position, as illustrated in Fig. 1, to hold its valve
11 or 12 seated.

The timer 102 cycles to alternately de-energize the
solenoid coils 22 and 23 so that the springs 18 can miove
their elements 17 from their valve obstructing positions.

Solenoid coil 33 is normally energized and serves to
maintain the piston 32 centered with the solenoid coil so
that. when- the solenoid coil is moved, through the instru-
menta,hty of the gear rack 35 and the worm gear 36, the
piston will be movéd in the chamber 31.

The dotted lines F indicate the path of the magnetic
flux in the solenoids when they are energized.

With the chambers 4 and 31 filled to capacity with liquid
fuel at normal deunsity and with an assumed density that
would be substantially equal to 3000 pounds per square
inch constant pressure on the fuel in the chambers 3
and the fuel line’ 7 then when the timer 102 is cycled
coils 22 will be de-energized and each of theif springs
18 will move its valve obstructing element 17 out of its
valve obstructing position so that the springs 15 will une
seat their valves 12 to permit fuel to flow into edch clam-
ber 4 and raise the density of the fuel in the chambers
4 and 3% to the density of the fuel in the chambers 3;
coils- 22 are then energized to seat their valves 12 and
seal the chambers 4, with the chambers 4 and 31 confain-
ing fuel' of substantially the same density as the
fuel in chambérs 3. o

The fuel capacity of the chambers 4 also’ includes the
fuel contained in the openings 38 in the plugs 30 or 3¢’
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and the fuel capacity of the chamber 31 is the volume of-
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the cylinder between the plugs 39 and 30’ minus the vol-

ume of the piston 32.

The piston 32 is movable to include all or any portion
of the fuel contained in chamber 31 with the volume of
fuel contained in either chamber 4. -

With the piston positioned against the plig 30 the
amount of fuel that will enter the chamber 4 at the right

of Fig. 1 will approximate 1% of its fuel capacity and .

the amount of fuel that will enter the chamber 4 at the
left of Fig. 1 will approximate 1% of the fu¢l capacitics
of the chambers 4 and 31, if it is assumed that the modu-
lus of elasticity of the fuel approzimates that of water.

Experiments show that the alteration in volume of lig-
uids is proportional to the density, hence the relation
between the changes of volume when under pressure may
be expressed:

Let

v=the diminution of volume under any given pressure
V=the original volume - e

K=the modulus of elasticity of volume of water

p=the pressure in pounds per square inch.

Then

¥

v P
V=R K=

v
K=from 320,000 to 300,000 pounds per square inch.

Thus water is reduced in bulk or increased in density
by 1% when under a pressure of 3000 pounds per square
inch. This is quite apart from the stretch of the con-
taining vessel.

When coils 23 are de-energized valves 11 will lift from
their seats and substantially 1% of the fuel contained in
the chamber 4, at the right of Fig. 1, will be discharged
throngh the orifice 10 into combustion space C and sub-
stantially 1% of the fuel contained in the chamber 31
and the chamber 4, at the left of Fig. 1, will be dis-
charged into the return line 29.

The discharge of fuel from the chambers 4 reduces the
fuel remaining in them and in chamber 31 back to its
normal density. :

Coils 23 are then energized to seat the valves 11 and
the injector is ready for another cycle.

The position of the piston 32 in chamber 31 determines
the amounts of fuel that will be discharged through the
orifice 10 and into return line 29; if the piston is posi-
tioned in the center of chamber 31 then equal amounts
of fuel will be discharged from each of the chambers 4;
with the piston against the plug 30 the minimum amount
of fuel will be discharged through the orifice 10 and the
maximum amount of fuel will be discharged into return
line 29; with the piston against the plug 3¢’ the maximum
amount of fuel will be discharged through the orifice 10
and the minimum amount of fuel will be discharged into
return line 29. :

When solenoid coil 33 is energized the piston 32 will
be magnetically held to move with the coil when the
worm gear 36 is turned and also magnetically held to re-
sist movement during a time interval when the pressure
against the ends of the piston differs due fo a variance in
the rate of fuel discharge from the chambers 4.

Moving the piston 32 serves to throttle the amount of
fuel discharged through the crifice 18; this is accomplished
by varying the capacity of the fuel chamber to accommo-
date varying amounts of fuel of substantially constant
density; with the piston stationary the injector is self
metering as to successive fuel charges. .

In the manufacture of a series of injectors differences
in volume of the fuel chambers may occur, in which event
the volume adjusting screw 26 will be positioned to nor-
malize the volume of the fuel chambers.

Figs. 3 and 4 illustrate the injector of Fig. 1 with a
mechanically controlled piston 32’ instead of the mag-
netically controlled piston 32 illustrated in Fig. 1; also so-
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rleﬁoid coils 22’ and 23’, which are similar to the solenoid

coils 22 and 23 of Fig. 1, are illustrated as being normally

"de-energized.

Chambers 3 and 4 and the elements at the left of Fig.
1 have been eliminated and the piston 32’ extends from
the casing 1 and has a gear rack 40 cut therein for engage-
ment with a worm gear similar to the gear 36 of Fig. 1;
rotation of the worm gear will move the piston to vary
the volume of chamber 4 and throttle the discharge of
fuel through the orifice 10 as described in the operation
of the apparatus of Fig. 1.

The casing has a groove 41 formed therein for the col-
lection of fuel that may have leaked past the piston 32’;
a pipe 42 returns any leaked fuel to a fuel tank.-

Plugs 25’ seal the chambers 3 and 4 as do the plugs 25
of Fig. 1. The plug 25 serves as an element of the sole-
noid coil to attract the movable core 43. Dotted lines F
indicate the path of the magnetic flux in the solenoids
when they are energized. - ) :

The movable core 43 has a coned end 16’ which is main-

tained against the coned end 14 of the valve 11 by a
spring 44 to hold the valve seated as described and illus-
trated in Fig. 1.
_ The solenoid coil 22’ and its related elements would
be constructed as illustrated for coil 23’ to function to seat
and unseat the valve 12 as described and illustrated - in
Fig. 1. ‘ :

Fig. 4 illustrates a source of electrical energy 200 which
is connected to solenocid coils 22’ and 23’ by wire 201 and
to a timer 202 by wire 203, brush 204 of the timer is
connected to coil 22’ and brush 205 is connected to coil
23,

Operation
- Solenoid coils 22’ and 23’ are normally de-energized;
the timer 202 cycles to alternately energize the coils to
move their cores 43 from their valve obstructing posi-
tions. : .

With the chamber 4 filled to capacity with fuel at nor-
mal density and with fuel at greater than normal density
in chamber 3 and fuel line 7 then when the timer is
cycled coil 22" will be energized to attract its core 43

- towards the plug 25" and out of its valve obstructing posi-

60

70

75

tion so that valve 12 will unseat and permit fuel to flow
into chamber 4 and raise the density of the fuel therein
to the density of the fuel in chamber 3; coil 22’ is then®
de-energized and the spring 44 moves the core 43 back
into its valve obstructing position to reseat the valve and
seal chamber 4, with the chamber containing fuel of sub-
stantially the same density as the fuel in chamber 3.

Coil 23’ is then energized and its associated elements
will function as above described for coil 22’ and valve
11 will be unseated to permit the discharge of fuel
through the orifice 10 as described and illustrated in the
operation of Fig. 1. -

The fuel chambers 4 of the injectors illustrated in my
recently filed application for patent upon Liquid Fuel
Injectors Serial Number 612,398, filed Sept. 27, 1956,
and issued as Patent 2,798,769 on July 9, 1957, can
be equipped with the piston 32’ and its elements.

With the apparatus of Figs. 1 or 3 a pressure of 1500
pounds per square inch on the fuel supply will pass one-
half of the amount of fuel into chamber 4, as compared
to a pressure of 3000 pounds, 6000 pounds will pass twice
as much fuel.

Thus varying the density of the fuel in combination
with altering the capacity of the fuel chamber provides
a two way means to throttle the fuel that will discharge
through the orifice 18.

" My invention- provides a method for operating liquid
fuel injectors which utilizes the theory of the compres-
sibility of liquids for metering consecutive fuel charges
and injecting them into a combustion space, a new dis-
covery in this art. .

Leakage of fuel when under high pressure has been
a poor quality feature of fuel injectors designed to meter
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#nd m)ect fitel in mechamcal timé with an englne cycle,
my injector overcomes this ‘as its movable elements are
complctely sealed within the mjector casing and do not
reqmre outside mechanical connections to operate them,
since they are operated through the instrimentality of
- magnetic attraction, a new discovery in this art.

My invention prov1des far utilizing electro-inechanical

devices to time the ihjection cycle, a new discovery in
this art.
- The drawings do not shOWn construction details such
as removable seats for the valves, a nozzle tip for orifice
10, etc., as would be the case in commercial designs; only
the elements necessary to disclose the invention are shown
so that the relationship of the common ¢lements, of the
several injectors illustrated, fdy be clearly seen.

While the foregoing describes theé injéctors as operated
with liquid fuel it is t6 be understood that they will op-
erate with matter in a fluid state whether liquid or
gaseous.

When the term “normal density” is used it may also
mean the density at atmospheric pressure.

Having described my invention above in detail I wish
it to be understood clearly that many changes may be
made therein without departing from the spirit of the
same.

I claim:

1. The method of operating an injector having a fluid
chamber comprising: sealing the chamber against the
discharge of fluid; filling the chamber with fluid at nor-
mal density; unsealing the chamber for fluid to enter
and increase the density of the fluid contained therein
above its normal density; sealing the chamber, with the
fluid contained therein at the increased density; unseal-
ing the chamber for a portion of the fluid to discharge
therefrom and reduce the fluid remaining in the cham-
ber to normal density; then optionally cause the volume
of the discharge to vary by altering the fluid capacity of
the chamber.

2. The method of operating an injector having a fluid
chamber comprising: sealing the chamber against the
discharge of fluid; filling the chamber with fluid at nor-
mal density; unsealing the chamber for fluid to enter and
increase the density of the fluid contained therein above
its normal density; sealing the chamber, with the fluid
contained therein at the increased density; unsealing the
chamber for a portion of the fluid to discharge therefrom
and reduce the fluid remaining in the chmaber to normal
density; then optionally cause the volume of the dis-
charge to vary by altering the fluid capacity of the cham-
ber through the instrumentality of magnetic attraction.

3. The method of operating an injector having a fluid
chamber comprising: sealing the chamber against the
discharge of fluid; filling the chamber with fluid at above
normal density, while maintaining the chamber sealed
against the discharge of fiuid; unsealing the chamber for
a portion of the fluid to discharge therefrom and reduce
the fluid remaining in the chamber to normal density;
then optionally cause thé volume of the discharge to
vary by altering the fluid capacity of the chamber.

4. The method of operating an injector having a fluid
chamber comprising: sealing the chamber against the
discharge of fluid; filling the chamber with fluid at above
normal density, while maintaining the chamber sealed
against the discharge of fluid; unsealing the chamber for
a portion of the fluid to discharge therefrom and reduce
the fluid remaining in the chamber to normal density;
then optionally cause the volume of the discharge to vary
by altering the fluid capacity of the chamber through
the instrumentality of magnet attraction.

5. The method of cperating an injector having a fluid
chamber comprising: sealing the chamber against the
discharge of fluid; filling the chamber with fluid at nor-
mal density; subjecting the fluid to a source of pressure
to increase its density above normal density while main-
taining the chamber sealed; unsealing the chamber for a
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- chamber comprising:

portion of the fuid to discharge therefrom and reduce
the fuid femainifg in thé Chaiiber to normal densny,
then optionally caiise the voluine of the discharge to vary
by altéring the fluid capacity of the chamber.

6. The method of operating an injector having a fluid
chamber compirising: sealing the chamber against the
dischatge of fluid; filling the chamber with fluid at nor-
mal density; subjecting -the fiuid to a source of pressure
to incréase its density above normal density while main-
taihing the chamber sealed; unsealing the chamber for a
portion of the fiuid te discharge therefrom and reduce
the fliid remaining in the chamber to normal density;
then optionally cause the volume of the discharge to
vary by altering the fluid -capacity of the chamber
through the ifistrumentality of magnetic attraction.

7. The method of operating an injector having a fluid
sealing the chamber against the
discharge of fluid; filling the chamber with fluid at nor-
mal density; subjecting the fluid to a source of pressure -
to increase its density above normal density; sealing the
chamber and the fluid contained therein from the source
of pressure; unsealing the chamber for a portion of the
fluid to discharge therefrem and reduce the fluid remain-
ing in the chamber to normal density; then optionally
cause the volume of the discharge to vary by altering the

fluid capacity of the chamber.

8. The method of operating an injector having a fluid
chamber comprising: sealing the chamber against the dis-
charge of fluid; filling the chamber with fluid at normal
density; sub]ectlng the fluid to a source of pressure to in-
crease its density above normal density; sealing the cham-
ber and the fluid contained therein from the source of
pressure; unsealing the chamber for a portion of the fluid
to discharge therefrom and reduce the fluid remaining
in the chamber to normal.density; then optionally cause
the volume of the discharge to vary by altering the fluid
capacity of the chamber through the instrumentality of
magnetic attraction.

9. A fluid injector comprising in combination: a cham-
ber for the containment of fluid; means to fill the chamber
with fluid at above normal density; means to seal the
chamber after it is filled with fluid above normal density;
means to unseal the chamber, when it is filled with fluid
above normal density, for a portion of the fluid above
normal density to discharge from the chamber which
discharge reduces the fluid remaining in the chamber to
normal density and means to alter the fluid volume of the
chamber,

10. A fluid injector comprising in combination: a
chamber for the containment of fluid; means to fill the
chamber with fluid at above normal density; means to
seal the chamber after it is filled with fluid above normal
density; means to unseal the chamber, when it is filled
with fluid above normal density, for a portion of the fluid
above normal density to discharge. from the chamber
which discharge reduces the fluid remaining in the cham-
ber to normal density; means to alter the fluid volume of
the chamber and means to move the last named means
through the instrumentality of magnetic attraction.

11. A fluid injector comprising in combination: a sealed
chamber containing fluid at normal density; means to un-
seal the chamber for the entry of fluid above normal
density which entry increases the density of the fluid in
the chamber; means to seal the chamber after the entry
of fluid above normal density; means to unseal the cham-
ber, when it is filled with fluid above normal density, for
a portion of the fluid above normal density to discharge
from the chamber which discharge reduces the fluid-re-
maining in the chamber to normal density and means to
alter the fluid volume of the chamber.

12. A fluid injector comprising in combination: a sealed
chamber containing fluid at normal density; means to un-
seal the chamber for the entry of fluid above normal
density which entry increases the density of the fluid in
the chamber; means to seal the chamber after the entry
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of fluid above normal density; means to unseal the cham-
ber, when it is filled with fluid above normal density, for
a portion of the fluid above normal density to discharge
from the chamber which discharge reduces the fluid re-
maining in the chamber to normal density; means to alter
the fluid volume of the chamber and means to move the
last named means through the instrumentality of magaetic
attraction.

13. A fluid injector comprising in combination: a
chamber containing fluid above normal density; means
to seal the chamber against the discharge of fluid above
normal density; means to unseal the chamber, when it is
filled with fluid above normal density, for a portion of the
fluid above normal density to discharge from the chamber
which discharge reduces the fluid remaining in the cham-
ber to normal density and means to alter the fiuid volume
of the chamber.

[
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14. A fluid injector. comprising in combination: a
chamber containing fluid above normal density; means to
seal the chamber against the discharge of fluid above nor-
mal density; means to unseal the chamber, when it is
filled with fhiid abové normal density, for a portion of
the fluid above normal density to discharge from the
chamber which discharge reduces the fluid remaining in
the chamber to normal density; means to alter the fluid
volume of the chamber and means to move the last named
means through the instrumentality of magnetic atfraction.
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