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declare the following to be a full, clear, and 
? 10 

Patented Apr. 21, 1925, 

UNITED STATES 

1,534,368 

PATENT OFFICE. 
HOWARD E, FELLOWS, OF HAMMERSMITH, LONDON, ENGLAND. 
IGNITION SYSTEM FoR INTERNAL-COMBUSTION ENGINEs. 

Application filed July 10, 1923, Serial No. 650,662. 

To all thom, it may concern: 
Be it known that I, HowARD EDWARD FEL 

Lows, subject of the King of Great Britain, 
residing at Hammersmith, W. 6, London, 
England, have invented new and useful Im 
provements in Ignition Systems for Inter 
Jnal-Combustion Engines; and I do hereby 
exact description of the invention, such as 
will enable others skilled in the art to which 
it appertains to make and use the same. 
This invention relates to an improved and 

novel system of ignition for internal com 
bustion engines. The ignition systems at 

5 present in use employing sparking plugs 
which derive current from either a magneto 
or coil and accumulator systems are as is 
well known practically standardized in prin 

20 
ciple, and apart from the crude hot point 
ignition which was proposed in the pioneer 
stage of internal combustion engines and 
which in a modified form is now used for 
stationary heavy oil engines, for instance 
such as the Diesel crude oil engines, nose 
rious attempt has been made to substitute 
the sparking plug ignition with a more re 
liable system which during the running of 
the engine does not rely upon the source of Chiefly, electric current to insure working. 
experiments and inventions relating to igni 
tion systems have had for their object to im 
prove the electrical systems which have been 

40 

gine, Will be practically impossible under 

45 

50 

common practice for a long period, and 
these improvements generally add to the 
complexity of the system. The object of 
this invention is to introduce a system of 
ignition which will entirely dispense, with 
the existing complicated electrical systems, 
which once an engine has been started will 
require no current whatever to ensure a cor 
rect working and even running of the en 
ordinary treatment to get out of order, will 
require no mechanical transmission from the 
engine, as in the case of a magneto, and 
which will be of a ?mple and extremely 
durable character. . , , 

Broadly according to the present inven 
tion ignition is effected by the location of 
means susceptible to heat in such manner 
as to be accessible by the combustible mix 
ture delivered into the combustion chamber 

or chambers of an internal combustion en 
gine, such means deriving sufficient heat 
from the explosion of the combustible mix 
ture to constitute a constant ignition point 
during the running of the engine, the mo 
ment of explosion being predeterminable by 

5. 

the adjustment of the volume of space with 
in which the combustible mixture is com 
pressed before ignition, whereby the mo 
ment at which the requisite compression of 
the combustible mixture for explosion may 
be advanced or retarded. 

In the preferred embodiment of my in 
firing of the engine may be selected to occur 

65 

yention means are provided whereby the 
at predetermined moments so that ignition 
may be advanced or retarded. This may be 
effected by moving the actual firing point 
towards or away from the combustion cham 
ber, or by leading the combustible mixture 
into variable accommodating means, so that 
the requisite pressure for ignition can be 
delayed or advanced according to the loca 
tion of the ignition point or the amount of 
variable accommodating means employed: 
it being appreciated that a certain amount 
of pressure on the combustible mixture is 
essential before ignition will occur. - 
The initial explosion of each combustion 

chamber of the engine may be effected by an 
ordinary Sparking plug; low tension cur 
rent supplied to a resistance element so that 
a glow is generated, or current may be sup 
plied directly to the point of ignition itself 
which will be of such a nature as to offer 
sufficient resistance to generate the requisite 
heat. Immediately subsequent to each such 
initial explosion the current may be, and 
preferably is, entirely cut off, the heat ac 
quired by each ignition point from the ex 

80 

85 

plosion being sufficient to ensure a constant 
point of ignition. 
The ignition element is preferably 8??-- 

commodated in a chamber which is detach 
able from the cylinder of an engine for in 
stance by threading into the ordinary spark 
ing plug or other threaded hole, whereby in 
readily substituted. - - 

Alternatively however the chamber may 
be cast integrally with its cylinder. 

Figs. 1 and 2 are perspective and bi-sec 

existing engines the sparking plugs may be loo 

95 
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tional elevational views respectively of a 
device adapted to be attached to a cylinder 
of an internal combustion engine. 

Figs. 3 and 4 are similar views of a modi 
fication. - 

Fig. 5 is a bi-sectional elevational view of 
a further modification. 

Fig. 6 is an end view partly broken away 
of the device shown in Fig. 5 but with an 
end cap removed. 

Fig. 7 is a bi-sectional elevational view of 
a fu Frtlher modification. 

Fig. 8 is an end view of Fig. 7 
end cap removed. 

Fig. 9 is a. pe: 'spective view of a device 
adapted to operate as a common controlling 
member for a plurality of cylindel's of ai 
engine, such view showing parts detached 
for clearness. 

Fig. 10 is a bi-sectional elevational view 
of the device illustrated in Fig. 9 and hav 
ing the parts assembled. 

Fig. 1 is a diagraminatic plan view illus 
trating the application of the modification 
illustrated in Figs. 9 and 10 and, 

Fig. 12 is a bi-sectional eie yational view 
of a suitable form of ignitier for use with 
the device shown in Figs. 9 and 10. 

Referring to Figs. 1 and 2 of the draw 
in as a device is shown one of each of which 
is intended to be applied to each cylindel' of 
an internal conibustion engine. The point 
of ignition is shown as constituted by a 
shall coil 1 of etal or alloy of good wear 

With an 

ing and resistance properties, one very stiit 
able Yateria bein that kn« Win in the träde 
as “Bright Ray Nichrome.” This coi? ! is 
carried at the base of a. Kun eta i mnember 2 
which is threaded jinfo a cylindrical central 
member 5 rotatably acco; annociated at its 
base in an outer cupied hase (3 having an 
internal diameter which accommodates as a 
close fit the enlarged base 5 of the rotatable 
member 5, a sloping or shallow tiuncated 
conical portion 5 constituting the junction 
of the pats 5 and 5°. The cupped lase 6 
is forlined with a central downwardly de 
pending threaded portion 7 adapted to be 
threaded into the ordinary sparking plug 
hole of a cylinder, packing rings or washers 
8 being provided to ensure a gas tight fit. 
The conical portion 5" of the cential hein 

ber 5 seats upon a correspondingly shaped 
seating 9 formed on the lower edge of a 
collar 10 threaded into the base 6, a close 
engagement of such seating being effected 
by a coiled spring 11 interposed ietween an 
annular ledge 12 forned on the outsi (le of 
the collar 10, and an annular ring 13 
threaded on to the upper end of the central 
member 5 and secut'ed by a set sic’e XV 13º. 
During the running of the engine the coil 

1 receives sufficient heat from the explosions 
of the combustible inixt l'e to constitute a 
constant ignition point, the gases reaching 
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the coil 1 through a narrow central passage 
14 in the base (3 and a narrow passage 15 
in the rotatable central melber 5, a certain 
alhount of pressure by the piston upon the 
gas being 'equired to force te gas through 
sich passages 14. 
What compressed about the c(il 1 e fore an 
xplosioin takes place, this pressare of corse 

taking place during the compression stage 
of the cycle of tine engine. Shold it be yo 
quired to retard the firing of the engine the 
monent at Which the requisite pressure of 
explosion takes place wil be delayed, and 
this is effected by leading the gas into other 
channels from the passages 1-4 and 15. This 
is carried ott by providing in the centra 
rotatable member 5 a plurality of chain bel's 
16, which have small inlet holes 6* but 
Which are other'Yvise seale. hese Joes 16º 
lead in from the conical portion 5' and are 
covered by a groove or channel 9' cut into 
the seating 9 of the collar 10. In addition 
to the holes 16 a hole 6 is provided which 
pass(es straight, through the ember 5 bring 
ing the interior 15 of such member 5 into 
communication with the channel 9. It will 
be apparent from the fol'egoing that any 
gras foirced in to the interior of the rota falle 
ember 5 will now pass through the hole 16 

ii) to the chanine $) ind cain } be le( into a 
selected in i yml; e}' of ela!}}]) ei 'sg U ($. Ele selec 
tion of the ninnbel' of chanic's being 
e{ected by rotating the meaber 5: Or if 
desired the chanbeis 16 ca; le enti l'ex cit 
off by sufficiently rotating the tie ber 5. 
To (: ;n ble adjustinents; to je e ?ie (:{ed the ring 

1.3 may carry a pointer 3”. {:}d the collar 
10 he provided with Sitable indications. 

For the initial explosioli) ilin ge:as?l? (?, yrlilin cle)" 
the coil 1 is connected to ; SC; 'ce of cl: 'i'ent, 
one suitaiole i etº, od of connection eiiar that 
illustrated in Fig. 2 wherei; the tends of the 
coil are connected in se; ies to a pai' of tel"- 
minals or electrodes 17 the p;'e' en's of 
which are connectel in any si table inner 
to the source of cu'reint. These electi'O(le: 
17 in the pire ferred einnbodilinment each com 
prises a metal post ta pered (olitwardly at 
the lower end and split as at IS for a shi'? 
distance to receive one end of the coil 1. 
Threaded Up On the upper ein of the elecº 

trode is a nut 19 which when tighe: het wil! 
result in wedging the lower end of the elec 
tro de into the oody 2. Each electro e is s 
rounded by insulation 3 and lay be pro 
vided with a terminal nit 4. 

Instead of leading the coil) insible nix 
til ro into cha hiers fo" varving te time of 
expiosion as described with reference to 
}'ig's. i and 2. the coil 1 ay l) at itistably 
carried within a chain) bel' which {:}} mini 
cates with the combustion chainbei () th: 
engine so that by loving the coil 1 towards 
or a WYJy from the gas illet of its; cha liber 
the time at which the requisite pressure for 

an ( 15 so as t() }{ sonde 
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explosion is required may be advanced or 
retarded. One method of carrying this into 

5 

10 

15 

. . . 20 
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effect is illustrated by Figs. 3 and 4 in which 
the coil 1 is carried by a small cylinder 20 
axially - movable within a chamber 21 pro 
vided within a body 22 adapted to be 
threaded into a cylinder head. The base of 
the small cylinder 20 is flanged as at 23 to 
provide a close sliding fit against the walls 
of the chamber 21, and rotation of the cyl 
inder 21 is prevented by one or more 
feathers or keys 24 engaging corresponding 
grooves in the flanged portion 23. - 
The cylinder 20 is moved axially in the 

chamber 21 by the rotation of a cokuan 25 
hollowed as at 26 for the accommodation of 
the cylinder 20, such hollowed portion being 
formed with a quick pitch thread 26 which 
receives a correspondingly threaded portion 
20 formed on the outer surface of the cyl 
inder 20, from which it will be apparent 
that rotation of the column 25 will result 
in axial movement of the cylinder 20 with 
resultant variation of the space beneath the langed portion 23 for the reception of the 
combustible mixture, The body 22 is axially apertured at 22 
to provide a passage for the coinbts'ibe 
mixture from the engine cylindel' into the 
chamber 21, and it may be cast integrally 
with the cylinder or threaded as at 22” for 
threading into the cylinder, such threa del 
portion being of any a suitable e di Anensioiii. 
'The upper portion of the body 22 is thread 

.) et at 22° to receive a sleeve 27 which coin 
stitutes the support for the rotat ab?e, col 
run 25, the lower portion of such sleeve 
being coned on its inner sturface as at 2 

4 

to provide an abutment for a correspond 
ingly coned portion 25 formed on the coli 
un 25, a close engagement of sich Core“ 
parts being assured by means of a coilet 
spring 28 i terposed between a colla' 25" 
carried by the column 25 and a fixed in 
29 provided on the outer face of a jacket 
3() surrounding the sleeve 27 to provide : 
water jacket for cooling, the Space 30 for 
the reception of water being closed at tè 
top by a collar or annular ring 27 secured 
on the upper end of the sleeve 27. Nipples. 
3 may be provided for the circulation of 
the water, such nipples receiving pipes lead 
ing to a convenient part of the engine con 
taiining cooling Water. 

If desired, for the 
coil 1 may be connected to a suitable source 
of current, but preferably in this case the 

: coil 1 glows solely as a result of the ex 
plosion of the combustible mixture, the ini 

: 60 fial ignition being effected by a separate coil 
a carried by a body 1 threaded into the 
upper end of the column 25, a passage 32 
being provided in the column 25 for the 
passage of the combustible mixture from 
the engine combustion chamber, the Small 

initial explosion, the 

cylinder 20 being also apertured as at 33 
for the same purpose. The coil 1º is con 
nected to a source of current in any suit 
able manner, for instance similiarly to the 
coil 1 as shown in Fig. 2. . . . . . . . . . . 

A further modification in which the igni 
tion point is innovable for varying the time 
of ignition, is illustrated by Figs. 5 and (3. 
in this modification the igniter 1 is carriedi 
by a disc 34 secured to a rotatable column 
35 by means of screws 36 or other suitable 
means, such column. 35 being 
at: 37 to provide a face against which the 
disc 34 is held. The coil 1 is accommodated 
in a small bay 34 cut in the periphery of 
the disc 34, and it is connected in series. 
by leads 38 to a pair of terminal posts o' 
electrodes 39 passing through the column 
35 and provided with terminal nuts 40 at 
their outer ends whereby they may be con 
rected to a source of current. One or both 
of the opposing faces, of the disc 34 and 
the base of the colinan 35 are recessed as 
af 40 to provide accommodation for the 
base heads of the electrodes. 39 and the 
jeads 38. 
The flanged portion 37 of the column 33 

has a close fit in a housing 41 which is 
;orrnoft with a sleeve 42 for the support of 
{he rotatable column 35, a coiled Spring 43 
loing interposed between a collar 44 carrier 
fy the coilian 35 and the housing 41 to 
{º I} S! } }'?? & } a fit of the fanged portion 37 

otsing. The dise 34 is of vªritli te hi 
slightly smaller diameter than the flanged 

tion 37 so that, an annular passage 4.5 
ovided between the inner face of this 

hoising 41 and the periphery of the disc 
34, sich passage comintinicating with an in 
ief a Perfure 46, sich inlet aperture being 
formed in the wall of the housing 41 and 
a plig portion 47 til readed into Said hous 
ing or cast, integrally there with and adapted 
to be threaded into the engine cylinder in 
stead of the usual sparking plug. 
The housing 41 is closed by a threaded 

( 4 . . . . It will be apparent that gases compressed 
in the combustion chamber of the engine 
will pasis through the aperfure 46 into the 
annular passage 45 and so reach the coil 
1 With con: juent ignition, variation in the 
timing of ignition being effected by rotation 
of the disc 34o nove the coi 1 a Way fron 
or towards the inlet aperture 46. In this 
arrangement the body of the device is shown 
disposed in a horizontal plane, but it will 
be apparent that a slight modification would 
enable it to be disposed vertically if de 
sirred. 
A somewhat similar arrangement to that 

ilustrated in Figs. 5 and 6 is ilustrated by 
Figs. 7 and 8, but in the latter arrangement 
the coil 1 is stationary and the combustible 
mixture is conveyed through a movable 

g; flanged as 

() 

so 
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passage. The coil 1 is carried by a body 
47 and is connected in series to a pair of 
terminals or electrodes adapted to be con 
nected to a source of electric current, in 
a manner similai: to that represented in 
Fig. 2. The body 47 is threaded into an 
enlarged head 48 of a sleeve 49, such en 
larged head accommodating as a close fit 
a valve 50 constituting one end of a column 
51 rotatable within the sleeve 49, the valve 
50 being securely held in its seating in the 
head 48 by the action of a coiled spring 
52 interposed between a collar 53 threaded 
on to the column 51. The chamber in the 
lead 4S within which the \alve 50 is ac 
commodated is closed by a cap 54 threaded 
therein. 
Threaded into or cast integrally with the 

head 4S is a plug portion 55 adapted to be 
threaded into the engine cylinder, and an 
inlet passage 56 through said plug polition 
establishes communication between the in 
terior of the head 4S and the combustion 
chamber of the engine, the interior of the 
head 48 being provided in its wall with a 
pair of diagonally opposite channels 57 ex 
tending partially around its inner circum 
ference. Connecting these two channels 57 
is a passage 58 extending diametrically 
through the valve 50. One of the channels 
57 leads opposite the inlet passage 56, and 
the other channel leads into a chamber 59 
within which is located the coil 1, whereby 
it will be apparent that combustible mix 
ture passes to the ignition point via the inlet 
56 one of the channels 57 through the pas 
sage 58 in the valve 50 and finally through 
the remaining channel 57 to the ignition 
point. To advance or retard the moment of 
ignition the valve 50 is rotated by means of 
the column 51 thereby varying the effective 
length of the passage for the flow of com 
bustible mixture. If desired the valve 50 
may be provided with a pair of radial ex 
tensions which fit into the channels 57 to 
provide baffles to ensure the gas taking the 
shortest path to the ignition point. How 
ever it is preferred to dispense with these 
bafles so that the passage 58 may be moved 
out of alignment with the channels 57 to 
entirely cut off the coil 1 from communica 
tion with the combustion chamber of the 
engine. 

Jt will be obvious from the foregoing that 
when any of the modifications described are employed with a multi-cylinder engine they 
will be connected by a suitable connecting 
rod or other convenient means for movement 
in unison, all being adjusted to produce the 
same effect upon each combustion or cyl 
inder unit, i. e. the moment of explosion in 
each cylinder will take place at a common 
position of each piston. However if de 
sired instead of employing an advancing 

spondingly 
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and retarding device for each cylinder, a de 
vice common to the whole of the cylinders 
may be employed, and one such embodiment 
is illustrated by Figs. 9, 10 and 11, a suit 
able ignition member for use in conjunction 
with this modification being illustrated in 
vertical section by Fig. 12. 
This further embodiment is based upon 

the principle of the device shown in Figs. 1 
and 2, but a device operating in a similar 
manner could quite easily be based upon the 
principle of operation of the Figs. 3 and 4, 
r 5 and 6 and be within the scope of this 

invention. 
Dealing first with Fig. 12 the ignition 

member is constituted by a metal plug body 
6() which may be cylindrical Ol' polygonal, 
and is provided with a threaded base 61 
adapted to be threaded into the ordinary 
sparking plug hole in a cylinder. Acentral 
aperture 62 is provided to establish com 
munication between the combustion cham 
her and the ignition coil 1, located in a 
chamber 63. The ignition coil 1 is carried 
by a small metal cylinder 64 which rests 
upon a lodge constituting the junction of 
the chamber accommodating it and the 
chamber 63, such metal cylinder being bored 
axially as at 65 to provide a passage for the 
combustible mixture to an initial ignition 
coil 66 carried by a hollow body 67 threaded 
into the lipper end of the plug body 60. Sach 
coil 66 being connected to a source of car'- 
rent which when the circuit is closed will 
produce the necessary glow in the coil (66 for 
the initial explosion, the circuit being 
broken after the initial explosion and the 
heat acquired from the explosion by the coil 
1 being relied upon to provide the ignition 
point for subsequent explosions. In cases 
where two such ignition coils are used the 
initial explosion coil, i. e. the one connected 
to a source of current is preferably so lo 
cated as not to be materially affected by the 
heat of the explosions. 
Communicating with the hollow interior 

of the small metal cylinder 64 is a lateral 
by-passage 68 to which is adapted to be 
connected one end of a metal tube 69, the 
other end of such tube being connected to 
the metal body 70 of a controlling device 
71 adapted to receive a similar tube 69 from 
each metal body 60 as illustrated diagram 
imatically in Fig. 11 which shows the device 
as applied to a four cylinder engine. The 
method of connection of the ends of the 
tubes can be as illustrated at 72 in Fig. 10 
showing an ordinary gas nipple union. 
Each tube 69 communicates with an inlet 
aperture 73 bored in the body 70, such aper 
ture leading into a shallow truncated conical 
chamber 74 which accommodates a corre 

shaped valve 75 provided 
around its periphery with channels 76 and 
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a collar or sleeve 8 threaded and locked on 

10. 
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held tightly on its seating by the action of a 
coiled spring 77 disposed about a spindle Ti 
locked to said valve, and interposed between 

such spindle and the base of a chamber 79 
formed axially in the body 0. The peripheral channels 76 are adapted 
to establish communication between each in let aperture 3 and a plurality of apertures 
80 extending radially to the outer surface 
of the cylindrical body 70, and connected by 
means of tubes 81 to chalabel's 82 in the 
upper part of the body 0, such chambers 
being sealed by short studs 83. 
From the foregoing it will be apparent 

that each coinbustion chamber of the engine 
may be brought into communication with 
one or more chambers 83 (four for each coin 
bustion chamber are shown in the draw 

sings) by rotation of the valve 5 (by means 
of the collar 78) thereby enabling the mo 
ment at which the requisite pressure of the 
combustible mixture for explosion by the 

5 
action of the heated coil 1 to be varied, as 
obviously the greater number of chainbers 
82 which are brought into communication 
with each combustion chamber the longer 
will the moment of explosion be delayed. 

30 

33 

40 
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The apertures 80 and 73 and the channels 
76 are so located in sets that the channels 76 each cover a corresponding number of 
apertures simultaneously thereby ensuring 
Synchronous timing of the successive explo- to ignife the same, and valve means between Said inlet aperture and said Wariable capacity sions. 
The base of the body 70 is closed by a cap 

84 threaded thereon, such cap if desired 
having a drain hole plug 85, should it be 
desired to pour a cleansing fluid into the de 
vice at any time. 
The body 70 need not be a solid piece of 

metal as illustrated but may quite easily con 
stitute a skeleton framework built up or 
cast, so as to avoid excessive weight and 
expense, and in practice it is preferred to 
adopt this practice. 
To enable positions of the valve to be 

selected the collar may be provided with a 
pointer 86, the body 70 having indications 
thereon, each representing an aperture 80 
and one for an entirely cut out position for 
fully advanced ignition. . 

in one modification (Figs. 3 and 4) a 
water jacket is shown, it will be apparent that such a provision can easily be applied 
to the other modifications, further it will be 
apparent that in all cases the means accom 
modating the ignition point may in the con 
struction of engines be cast integrally with 
the cylinders. Instead of a water jacket, 
air cooling ribs may be equally easily pro 
vided. . 
The modifications disclosed only illus 

trated by way of example some methods of 
carrying my invention into effect it being 
apparent that a great, number of modifica - 

5 

tions may be effected without departing 
4. t 1 ???? ??-... ls vir in v An?i Il'om the spirit and scope of my linvention. 
Although I have described my invention 

as applied to an ordinary type of internal 
combustion engine, it is obvious that it may 
be applied to any other type of internal 
col}} bustion engine, for instance an internal 
combustion turbine. 

0? 

The proportions shown in the drawings 
are substantially those which in practice I 
find give correct results. 
What claim is:-- 
1. Ignition means for explosive engines 

including a member provided with variable 
capacity explosive charge receiving neans 

75 

SG 
and with an inlet aperture to said means 
adapted to be connected with the explosion 
chamber of an engine, a heat retaining ele 
ment effected by the amount of compression 
of an explosive charge contacting there with 
to ignite the same, and means between said 
inlet aperture and said variable capacity ex 
plosive charge receiving means to vary the 
effective capacity of the latter. - 

2. Ignition means for explosive engines 
including a member provided with variable 
capacity explosive charge receiving means. 
and with an inlet, aperture to said hears 
adapted to be connected with the explosion 
chamber of an engine, a heat retaining elle 
ment affected by the amount of compression 

S 

of an explosive charge contacting therewith 

plosive charge receiving Ileans to vary the 
effective capacity of the latter. 

3. Ignition means for explosive engines 
including a member provided with variable 
capacity explosive charge receiving means 
and with an inlet, aperture to said means 
adapted to be connected with the explosion 
chamber of an engine, a heat I'etaining elle 
ment affected by the amount of compression 

1 it 

of an explosive charge contacting therewith 
to ignite the same, and rotatable means be 
capacity explosive charge receiving means 
to vary the effective capacity of the datter. 

4. Ignition heans for explosive engines 
having plural explosion chambers, including 
a member provided with plurali variable 
capacity explosive charge receiving means, 
one for each chamber, and with separate in 
let apertures to each of said means, adapted 

120 to be connected with the explosion chambers 
of the engine, respectively, a heat retaining 
element associated with each explosive cham 
ber and affected by the amount of compres 
sion of an explosive charge contacting there. 
with to ignite the same, and a single device 
common to the aforesaid plurality of vari 
able capacity explosive charge receiving 

tween said inlet aperture and said variable 

llis 

means effective to vary the capacity thereof. 
5. Ignition means for explosive engines 

including a member provided with variable 30 
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capacity explosive charge receiving means and spring means holding Said valve means 
and with an inlet aperture to said means seated. 
adapted to be connected with the explosion in witness whereof I have signed this 
chamber of an engine, a heat retaining ele- specification in the presence of two wit 
ment affected by the amount of compression nesses. 
of an explosive charge contacting there with 
to ignite the same, rotatable valve means be 
tween said inlet aperture and said variable Witnesses: 
capacity explosive charge receiving means A. S. MICKLIN, 

ii) to vary the effective capacity of the latter, T. O. HUGHES. 

5 

H. E. FELLOWS. 


