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To all whom it in a concern: Referring particularly to the drawing, 
Be it known that I, EvI W. CHRISTIE, a in constructing my improved air pump, 

citizen of the United 8tates, residing at 
Sewaren, in the county of Middlesex and 
State of New Jersey, have invented an Im 
provement in Pumps, of which the follow ing is a specification. 

This, invention relates to pumps and par 
ticularly to that class of pumps commonly 
designated vacuum pumps of the valveless 
suction, type. . . . 

It has long been recognized in pump de 
sign. and in the art relating to pumps, that 
in order to produce a high vacuum or as 
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s o complete an exhaustion of the air cylinder 
in an air pump as is possible, the clearance 
spaces between the piston or plunger de 
vice and the valves or other discharge de 
vices must be as nearly the zero percentage 
of the pump cylinder volume as is possible, 
and heretofore it has been sought to accona 
plish this by using a crank to drive the pis 
lon with a very small clearance at the end 
of the stroke. In the driving of an air 

ically impossible to effect a very close clear 
ance, because the stroke varies in lore or less, 
due to the action of the stea in gear. 
Now the object of my invention is the pro 

vision of an air pump in which the clear 
ance spaces are positively eliminated where 
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by the vacuum is increased for the reasons 
hereinbefore stated and a maximum ef 
ficiency obtained in the pump, and further 
more the inevitable variations in the stroke 
of a pump of this type would not affect the 
operation of a pump constructed it ac 
coidance with my invention. 
proved pump preferably comprises a base, 
a pump body having suction and discharge 
ports, a piston, means whereby the same is 
actuated, a discharge valve operated in one 
direction by direct contact with and the 
movement of the said piston, and means for 
operating the discharge valve in the other 
direction,--as will be hereinafter more par ticularly described. 

In the drawing, Figure 1 is a plain of my 
improved vacuum pump. Fig. 2 is a cen 
tral longitudinal vertical section of the 

''': , pump. Fig. 3 is a cross section of linea, ?e, 
Fig. 2, and Fig. 4 is a central vertical sec 
tion of a modification of the invention as 
illustrated in Figs, 1 to 3 inclusive. 

i able material. 

preferably provide a base (), and a pun 
body 11 to which the base may be suitably 
attached or with which the base may be 
nas de integral as show: ila Figs. 2 and 3. 
The pump body 11 is open ended and at one 
end thereof there is a flange 12, and at the 
other end a similar and corresponding flange 13. 
Extending from one end of the pump 

lody to the other and preferably in the upper 
central portion thereof and running jongi 
tudinally is a wall 14, and extending pref 
erably at right angles from the central por 
tion of the longitudinal wall 14 and in dia 
metrically opposite positions, there are 
transverse walls 15. In the transverse walls 
15 there are discharge ports 16 communicat 
ing with the discharge chambers 17 pro 
vided by the longitudinal walk 14. Extend 
ing preferably through the center of the 
discharge chambers 1 is a wall 18 whici is 
circuiar or of other configuration comini pump as heretofore constructed by a direct 

acting steam cylinder however, it is naechain cating with the suction connectio1) 19. 
Within the pfump body 11 employ aliuing 

20 copiising the pump cylinder which, as 
will be understood, may be made of any suit 

Approximately centrally this 
cylinder 20 is provided with a recess forming 
a port 21 providing for connunication be 
tween the interior of the cylinder 20 and the 
staction connection. 19. At one end the cy: il 
der 20 is provided with a flange 22 o'ining a 
valve seat and at the opposite end the cyling 
der 20 is provided with a similar flage 2 
also forming a valve seat. Within the cyl 
inder 20 there is a pist on 24 and this piston 
34 is preferably so constructed as to have : In carrying out my invention, my im- oftwarily extending conical elid walls 25, 
26, respectively, and cent rally the piston is 
provided with a wall 27 which is preferably 
circuiar in section forning a cent'al bore 
within the piston which is open at one end. 
29 indicates the piston rod which extends 
through the said bore provided by the Wall 
27 and at one extremity the piston rod 29 is 
provided with a reduced screw threaded end 
which passes through the end wall 31 of the 
piston and is secured thereto by the nut 30 
or otherwise, the said rod passing through 
the bore in the piston so that there is an au 
yular space formed between the Saine and 
the circular wall 27. 
On one end the pimp is provided with a 

cover 32 so constructed as to have outwardly 
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from one end to the other thereof. 
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extending conical walls 33 and a flange 34 valve stem which surrouiids the pisto: rod 
adapted to abut against the flange 12 and to 
be connected to the pump body in any suit 
able manner known to the art. Interiorly 
the cover 32 is provided with a centrally dis 
posed annular wall 35. The other or rod 
end of the pump is similarly provided with a 
cover 36 also having outwardly extending 
conica walls 37 and a flange 38, which latter 
flange is adapted to abut against the flange 
13 and be connected to the pump body by 
any suitable means. This cover member 36 
is also provided interiorly with a centrally 
disposed annular wall 39. There is also 
provided with this cover member 36 a suit 
able gland or stuffing box 40 through and in 
which, as will be understood, the piston rod 
29 passes and operates. 
On the blank or non-rod end of the pump : 

I employ a cylinder cover valve indicated at 
4. 
the angle of inclination is preferably, the 
same as that of the conical end wall 25 of 
the piston 24, the periphery or edge of the 
cylinder cover valve being adapted to seat 
against the valve seat 22. The cover valve 
il is provided with a stem 42 which is pref 
erably hollow and open at one end and adapt 
ed to fit within the aperture provided in the 
annular wall 35 and on the exterior surface of 
the valve 41 I preferably provide a circular 
rib 43, the diameter of which is preferably 
slightly in excess of the outer dilameter of 
the annular wall 35. 
recess formed by the rib 43 and the adjacent 
outer surface of the valve 41 and the recess 
formed by the outer surface of the annular 
wall 35 and the adjacent inner surface of 
the coni'ili wall 33 of the cover 32 is a heli 
cal spring 44. Similarly on the opposite or 
rod end of the pump 1 employ a cylinder 
cover valve 45. This valve similar to the 
valve 41, is conical and the inclination of the 
walls thereof is the same as that of the wall 
26 of the piston 24 and the periphery or edge 
of the valve 45 is adapted to seat against the 
valve seat 23. The cylinder cover valve 45 
is also provided with a tubular stem, one 
portion 46 thereof extending beyond the 
apex of the valve and adapted to fit and 
side within the recess provided therefor in 
the annular wall 39 aid the other portion 
47 of the tubular stem extends inwardly 
from the valve 45 and into the annular space 
28 provided between the piston rod 29 and 
the central wall 27 of the piston 24, fitting 
the same and is provided with a suitable 
packing 48 in order to form a tight joint be 
tween the outer surface of the inward exten 
sion 47 of this valve stem and the inner sur 
face of the wall 27, 
The pistol rod 29, as will be understood, 

extends through the stem of the valve 45 
At the 

inner extremity of the portion 47 of this 

The walls of this valve are conical and 

Extending between the 

29 as indicated, there are score portions so 
as to provide a communication between the 
annular space 28 and the unular space 53 
between the piston rod 29 and the inner Sur- 7 
face of the inward extension 4, he innular 
wall 39 being provided with an aperture 51, 
so that there is free communication between 
the discharge chambers and these annular 
spaces so that no unnecessary power in driv - 7 
ing the pump will be consumed in either cre 
ating or tending to create a vaclaim or a 
compression of any gases or vapors within 
the said annular spaces. The valve it is 
also provided with a circular rib #9 whose 
diameter is slightly in excess of the (liter 
diameter of the annuiar wall 39 and extend 
ing between the recess formed by the ii 4. 
and the adjacent outer surface of the valve 
45 and the recess formed iy the oiter sur 
face of the annular Wall 39 and tie a di:cent, 
inner surface of the inclined was 37 of the 
cover member 36, there is also a helical 
spring 50. 
Now in the operation of the pain) as 

hereinbefore described, assling that the 
parts are at the end of a stroke iron right, 
to left, and at the beginning of the stroke 
from left to right, it will be appare:ht that 
the valve 4 is ope); that the waive it is 
closed, and that the right hand potion of 
the cylinder 20 is opened by way of the port 
21 to the sinction contection 9. ', ie: the 
pistoli has startel its travel for left to 
right, the valve 41 following up the piston, 100 
will be retired there will by the action of 
the spring 4 until this valvé is seried on its 
valve seat 22; thereafter an after the for 
ward edge of the pist on 24 has passed over 
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the port :21, the gases lic vapo's contained ()3 
in the right hand portion of the cylinder 
will be compressed under the continued 
novelinent of the pistoi) from left to light, 
the piston, as will be understocki, passing 
Over the inward extension of the waive 45. () 
The pressure exerted by the list () the 
gases and vapors contailed if the cylinkisi, 
will force the valve 45 ope, per hitting the 
gradual escape of the gases indi 'a ()'s. 
his condition maintains ;) til it "(tents i is 

of the right and end of the is ide: 'e 
entirely discharged, when the waii ::: the 
pist on 24 contacts directly with the conical 
walls of the valve 45. These itxtaposed 
conical walls coming into contact, with each 2 : 
other before the end of the stroke squeeze 
out all the intervening gases liki vapors. 
the relby elihinating all clear: }ce spaces, aid 
lausing a complete discharge of the cylinder. 
The contact relationship between the conie: i 125 
end wall of the piston and the walls of the 
discharge valve maintains froin the noment 
it is effected until the end of the stroke and 
until the piston has traveled sufficiently far 
in its return stroke to permit, i.he wavy to . 
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reseat, and manifestly the same operation 
takes place at the other end of the pump. Referring particularly to Fig. 4, the pump 
illustrated therein embodies my present in 
vention as incorporated in a vertical pump 
in which the body of the pump is indicated 
at 53, wherein is provided a suction 54 and 
a longitudinal wall 55 providing for a dis 
charge chamber 56 from which at the upper 
end of the pump there is a discharge con 

... nection 57. The cylinder or lining in this 
construction is preferably made in two parts 
indicated at 59,60, respectively, the adjacent 
ends of which extend into the space provided. 

15 by the wall 58 forming a suction chamber. 
in this construction the piston is illustrated 
at 61 and the end walls 62, 63, thereof are 
preferably inclined in the same direction 
and at the same angle. This piston is also 

20 constructed with a central circular wail 64 
and at its tipper end this wall is continued to 
foi'in a stemas, indicated at 65. 66 represents 
a piston rod which passes into the bore 
formed by the wall 64 and is suitably con 
nected to the piston. The lower end of the 
pump is provided with a cover 67 and the 
pump is mounted on a suitable base 68 or 
otherwise. At this end of the pump there 
is a valve 69 which is conical in configura 
tioia, the walls thereof being at the same 
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inclination as the wall 62 of the piston and 
the other associated parts at this end of the 
pinup are in all respects similar to those de 
scribed in connection with the blank or non 
rod end of the pump shown in Figs, 1 to 3 

\ inclusive. The valve 74 at the upper end of 
: the pump is also conical, the walls thereof 
extending inwardly or downwardly instead 
of outwardly as described in connection with 
Figs. 1 to 3 inclusive and the inclination 
of the conical walls of this valve 74 is the 
salue as that of the end wall 63 of the piston. 
The valve 74 is provided with a stem 70 
through which and spaced apart therefrom 
the piston rod 66 passes, this stem passing 
into and sliding within the annular space 
formed between the piston rod and the stem 
35 in the central wall 64. In the other or 
tipper side of the valve 74 the stem is pro 
vided with an annular recess 71 into which 50 

as will be understood, the stem (35 passes in the upward stroke of the pump and the 
valve 74 is nonially maintained against its 

is set on the end of the cylinder 59 by means 
55 of a spring 73 which extends between the 

upper or outer surface of the valve and the 
iter-face of the cover 72, which in this in 
stance is made flat and which, construction, 
as will be understood, necessitates the down 
ward inclination of the walls of the valve 
74 and the end walls (33, of the piston. The 
operation of this modification of the inven 
tion is in all respects similar to that herein 

5. 

ferred form of pump illustrated in the hori 
Zontal type as shown in Figs. 1 to 3 inclusive. 

claim as my invention: 
1. In a vacuum pump, a cylinder having 

65 

suction and discharge ports, a valve seat in . 
the end of Said cylinder, a piston within 
said cylinder, a piston rod, a valve adapted 
to seat on the seat at the end of said cylin 
der, a valve stem passing into said piston 
and upon which the same slides, and means 
for returning the said valve to its seat, and 
normally mairitaining the same in position 
thereon. 

2. In a vacuum pump, a cylinder having 
a central intake and a valve seat on each 
end thereof, a piston having a tubular cen 
ter movable through said cylinder and hav. 
ing inclined heads, valves having walls at 
the same inclination as the inclined piston 
heads and adapted to seat on the ends of the 
cylinder, a tubular member formed with one 
of said valves and passing into the tubular 
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center of the piston, guides for said valves, 
and means for normally maintaining said 
valves on their seats. 

3. A vacuum pump comprising a base, a pump body having suction and discharge 
connections, end or cover members for the said pump body having outwardly extend 
ing conical walls, an open ended cylinder in 
said pump body having a lot therein in 
connmunication with the said suction con 
nection, a piston in said cylinder, means 
whereby the piston is actuated, a discharge 
valve adapted to seat against the end of the 
said cylinder and to be opened by the action 

O 

of the said piston, a stem connected to the 
said discharge valve, an annular wall within 
one of the said cover member's and within 
which the said valve stem operates, a circli 
lar rib on the outer surface of the said valve 
and a spling fitting within the said circular 
rib and extending between the same and the 
inter surface of the conical walls of the said 
end member. 

4. A vacuum pump comprising a base, a 
pump body having suction and discharge 
connections, end or cover membe's for the 
said pump body having outwardly extend 
ing conical walls, an open ended cylinder in 
said pump body having a port therein coin 
minicating with the said suction connection, 
: piston in the said cylinder having an out 

' Wardly extending conical end wall, meals 
: whereby said piston is actuated, a conical 
discharge valve adapted to seat against the 
end of the said cylinder, and the inclination 
of the walls of which are at the site angle 
as that of the said conical end. Wall of the piston, a tubular stem extending outwardly 
from the apex of the said conical discharge 
valve, an annular wall extending inwardly 
from the conicai wall of one of the said 

before described in connection with the pre- end members and within which the said stem 
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cylinder and the inclination of the walls of 
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of the conical walls of the said end member 

pump body, a cylinder within the said pump 

piston within the said cylinder and having 

pump body, a cylinder within the said pump 

there is an annular space between the said 

14. 

is adapted to operate, a circular rib on the 
outer surface of the said discharge valve 
and a spring extending between the outer 
surface of the said discharge valve within 
the said circular rib and the inner surface 

and by which the said discharge valve is 
closed. 

5. A vacuum pump comprising a base, a 
pump body having suction and discharge 
connections, ends or covers for the said 
body and having a port therein in communi 
cation with the said suction connection, a 
a conical end wall and a central circular 
wall forming a longitudinal bore therein, a 
piston rod extending through the said bore 
and connected to the said piston so that 
there is an annular space between the said 
central circular wall and the said piston rod 
within the piston, a conical discharge waive 
adapted to seat against the end of the said 

which are at the same angle as that of the 
said conical end wall of the said piston, a 
stem connected to the said discharge valve 
surrounding the said piston rod and extend 
ing into the said annular space between the 
said pistol rod and the said circular wall in 
the piston, and means for closing the said 
discharge valve. 

6. A vacuum pump comprising a base, a 
pump body having suction and discharge 
connections, ends or covers for the said 

body and having a port therein in communi 
cation with the said suction connection, a 
piston within the said cylinder and having 
a conical end wall and a central circular 
Wall forming a longitudinal bore therein, a 
piston rod extending through the said bore 
and connected to the said piston so that 

central circular wall and the said pistón rod 
within the piston, a conical dischaige waive 
adapted to seat against the end of said cyl 
inder and the inclination of the walls of 
which are at the same angle as that of the 
said conical end wall of the said piston, a 
tubular stem connected to the said discharge 
valve and extending both forwardly and 
rearwardly thereof, the rearwardly extend 
ing portion passing into the said annular 
space between the piston rod and the circu 
lar wall of the piston, an annular wall ex 
tending inwardly from one of the said end 
members and adapted to receive the for 
Wardly extending portion of the said tubu 

930,838 

lar valve stem, a circular rib on the router 
surface of the said valve and a helical spring 
extending between the recess formed by the 
said circular rib and the adjacent outer Sur 
face of the said discharge valve and the re 
cess' formed by the said annular inwardly 
extending wall and the adjacent inner sur 
face of the said end member. 

7. A vacuum pump comprising a base, a 
pump body having suction and discharge 
connections, end or cover members far the pump body, each having outwardly extend 
ing conical walls, an open ended cylinder 
within the said pump body and having a 
port therein providing communication be 
tween the interior of the said cylinder and 
the said suction connection, a piston within 
the said cylinder and having outwardly ex 
tending conical end walls and a central longitudinal circular wall providing a bore 
therein, a piston rod extending through the 
bore formed by the said central wall of the 
piston and secured thereto, whereby there is 
provided an annular space between the said 
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piston rod and the said central wall of the 
piston, a conical discharge valve at the non 
rod end of the pump, the walls of whith are 
at the same inclination as the adjacent end 
wall of the piston with which the said dis 
charge valve is adapted to contact, means in 
which the said discharge valve operates, 
means for closing the said discharge valve 
and for normally maintaining the same 
against its seat, a conical discharge valve at 
the rod end of the pump, the walls of which 
are at the same inclination as those of the 
adjicent end wall of the piston, with which 
the same contacts, a tubular valve stem con 
nected to the last aforesaid discharge valve 
extending both inwardly and outwardly of 
the said discharge valve and surrounding 
the said piston rod, the said inwardly ex 
tending portion of the said tubular stem 
passing into the said annular space between 
the said piston rod and the said central wall 
of the piston, an annular wall extending in 
wardly from the cover at the rod end of the 
pump and in which the said outwardly ex 
tending portion of the valve stem operates, 
and means or closing the last aforesaid discharge valve and normally maintaining 
the same against its seat. 
Signed by me this 13th day of March, 

1909. 

EWI WILLSON CIRISTIE. 
Wiinesses: 

ARTHUR H. SERRELL, 
BERTHA. M. ALLEN. 
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