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This invention relates to an improvement in a‘ 
?uid 'pump ‘and, more particularly, to providing 
a pump that incorporates a principle of opera 
tion which makes it possible to eliminate wear 
ing elements and is especially suitable to move _ 
small volumes of ?uid. , 
In providing a pump for any use, it is most 

desirable to have a pump which is free from 
mechanical failure, and, .bviously, such failure 
is .a?ected by the number and complexity of 
moving parts incorporated therein. The con 
structions of pump, heretofore available, include 
generally some forx‘i‘i' of a moving element hav 
ing bearing surfaces to provide a source of com 
pression or movement of ?uid and, in most'cases, 
some form of a valve to control the movement 
of ?uid to and from the moving or compression 
element and this means also has surfaces sub 
Ject to wear. Consequently, because of their 
nature, they each provide a source‘ of wear and 
probable pump failure and constitute a factor 
of much importance in‘ the original cost and 
the cost of operation of the pump. . 

It is an object of this invention to provide 
a ?uid pump which is simpli?ed in construc~ 
tion, that is, containing less wearing surfaces 
and fewer parts subject to wear, low in main 
tenance cost, inexpensive to manufacture and 
capable of moving a ?uid sample such as suit 
able for supplying a testing or detecting appa 
ratus or instrument. 

It is proposed by this invention to accomplish 
this object by employing an ori?ce member to 
con?ne the product of compression and ac 
celerate the movement of ?uid so as to discharge 
it from the ori?ce at a velocity sumcient to 
move ?uid at a suitable rate through 'a conduit. 
In line with the purpose of this invention, it is 
preferred to use a moving or compression ele 

_ ment such as a magnetically actuated diaphragm 
positioned on one side of the ori?ce- member 
and operative to produce a difference in pres 
sure on each side thereof and de?ne two zones 

} of pressure connected only by the ori?ce in the 
member. This di?erence in pressure causes a 
flow through the ori?ce from the side of high 
pressure to that of low pressure and in the em 
bodiment it is followed by a succeeding action 
of the diaphragm which compresses the ?uid to 
convert the zone of low pressure to that of high 
pressure. This produces a ?ow return through 
the-ori?ce and gives increased velocity to the 
?uid and the discharge from the ori?ce is mov 
ing at a rate and in a con?ned condition that 
item be discharged directly into a tube acting‘ 
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as the high‘ pressure end of the apparatus. In ' 
addition to the eilect on the ?uid, there is pro 
duced also certain results of value in construct 
ing a satisfactory pump for use as will become 
apparent from a detailed description of the em 
bodiment of the invention. The .ori?ce controls 
the?ow of ?uid to the compression member 
and into the discharge conduit and the dia 
phragm member can be constructed to eliminate 
wearing surface so that the whole combination 
a?'ords a means of providing a. pump of long 
service life and of low initial cost. 
The preferred embodiment of this principle 

of operation is illustrated in the drawing 
wherein the collector or discharge tube forming 
the outlet of the pump is positionedin an origi 
nal high pressure zoneon one side of the ori?ce 
member and opposite to the zone on the other 
side that is aifected by the moving member, 
which is an electrically vibrated diaphragm. By 
this arrangement, ?uid'is drawn through the 
ori?ce from the high- pressure side and this 
action on the ?uid causes it to pass in a con 
verging manner from all parts of the instan 
taneous high pressure zone. Little e?ect is pro 
duced on the ?uid previously discharged into 
the collector tube positioned in alignment with,’ 
the ori?ce because of the force of inertia of the 
moving mass in the tube. By the action of 
the vibrating or compressing member, the ?uid 
moving into the low pressure zone is compressed 
to form what becomes an alternate high pres 
sure zone and is e?ective to cause the move 
ment of ?uid within the zone into the ori?ce 
to the other or original high pressure side. The 
?uid e?iux from the ori?cemcves in a substan 
tialiy straight line path through the space be 
tween the ori?ce edge and the entering end of 
the collector tube and into the tube to form a 
high pressure end. Placing such a device in a 
conduit produces a'suction action in one por 
tion of the conduit and a pressure in the other 
portion of the conduit, the differential depend 
ing on the size of parts employed and‘the rate 
of actuation. ' 

It is an object of this invention to provide 9. 
pumping device and a method of operation which 
incorporates the principle of employing an 
ori?ce member in association with a moving 
element to produce movement of ?uid through 
a conduit. _ - 

A more speci?c object of this invention is to 
provide a ?uid pump that employs an electri 
cally .vibrated diaphragm which in combination 
with an ori?ce member is capable of moving 
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?uid through the ori?ce in an alternating direc 
tion of movement and the ori?ce being opera 
tive to produce a ?uid ?ow that the e?lux from 
the ori?ce contains such velocity that the ?ow 
therefrom moves through space in a straight 
line direction outward from the ori?ce to op 
eratively move ?uid through a conduit. 
Other equally important objects of this in 

vention will become apparent from the preferred 
embodiment hereinafter described in detail. 

In the drawing: 
Fig. 1 is a side elevational view of the pre 

ferred embodiment; 
Fig. 2 is a front elevational view of the em 

bodiment illustrated partly in section to disclose 
more fully the construction of the pumping or 
moving element employed; 

Fig. 3 is a sectional view taken along the line 
3-3 of Fig. 1 and illustrates one portion of the 
pumping element; 

Fig. 3a is a diagrammatic view illustrating the 
?uid ?ow condition existing in the pump in the 
instantaneous position illustrated in Fig. 3; _ 

Fig. 4 is a sectional view similar to Fig. 3 and 
illustrates another position of the pumping ele 
ment; ' 

Fig. 4a is a diagrammatic view illustrating the 
?uid ?ow condition existing in the pump in the 
instantaneous position illustrated in Fig. 4; and 

Fig. 5 is a modi?cation of the discharge or col 
lecting conduit illustrated in the embodiment. 
In employing the principle of my invention, 

some form of an ori?ce member is used and in the 
event relatively low pressures are involved, the 
member is to be relatively thin since that is sum 
cient to cause the desired action and offers little 
resistance to movement of ?uid due to the surface 
action of the ori?ce. The member is to be posi 
tioned to form pressure zones on each side con 
nected by the ori?ce and effective to produce ?ow 
of ?uid through the orifice. These zones are 
alternately high and low pressure relative to each 
other by the action of a moving or vibrating ele 
ment on one side of the member. By this action 
of alternate ?ow through the ori?ce, advantage 
is taken of the nature of con?uence of ?uid to the 
ori?ce and the discharge from the ori?ce in pro 
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ducing movement of su?icient extent to produce . 
operative ?uid ?ow. 
The apparatus of the embodiment illustrated in 

the drawing utilizes a vibrating diaphragm, of 
the‘ radio speaker type, and, in one instance, a 2" 
diaphragm, used as the moving element and ener 
gized by a translating device operating on 60 
cycle alternating current delivered about .02 of a 
cubicdoot per minute of gas at about 1/2” water 

‘ pressure by the re?ow method through the ori?ce. 
This diaphragm, in combinationwith a plate hav- . 
ing an ori?ceof about 116" in diameter and hav 
ing a discharge tube positioned in alignment and 
in spaced relation to an ori?ce and on the side 
opposite to that of the diaphragm, moves ?uid 
of su?icient volume and at an ample velocity to 
provide a sample to a gas testing ~apparatus. 
More speci?cally, and referringito the drawing, 

‘this moving or compression element construction 
consists merely of a vibratory circular diaphragm 
I of suitable material such as a rigid or sti? 
processed paper mounted on to a rigid frame 3. 
A sleeve 1 is attached to ‘the diaphragm at its 
central portion and it carries a conductor coil 8 
positioned so as to .be in?uenced by the magnetic 
?eld of a permanent magnet l0. Some form of a 
closure l I closes the opening la of the diaphragm 
to provide a surface suitable for moving ?uids. 
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The C-shaped ?ux conducting metal element l2 
provides a means of support for a closure I3, that 
encloses the electrical ‘mechanism from the 
atmosphere and permits normal movement of the 
diaphragm, and for the frame 3 which is attached 
to another surface. The terminals l5 oi the coil 
are mounted to the frame and are to be connected 
to a suitable source of pulsating or alternating 
current for moving or actuating the diaphragm 
by the reversal of direction or change of intensity 
of current moving through the coil 8. A feature 
of this invention resides in the utilization of a 
vibrating diaphragm to produce a movement of 
?uid that contains sui?cient kinetic energy to 
produce a con?ned ?uid ?ow and cause movement 
of ?uid through a conduit. 
The ori?ce member 16, containing an ori?ce 2 l , 

is mounted to the frame 3 of the diaphragm by 
means of bolts or studs l1 and forms with the 
inner surface of the diaphragm a pressure zone 
or chamber 24 on one side of the ori?ce and 
member. Preferably, the ori?ce is in alignment 
with the center of the diaphragm. The pressure 
zone or chamber 23 on the other side is formed 
by means of a housing l8 that is integral with 
the plate and contains an inlet conduit i9 and. an 
outlet conduit 20. The chamber 23 is affected by 
movement of the diaphragm through the ori?ce 
by the alternate suction and compression of ?uid 
in the chamber 24 and produces the alternate 
high and low pressure zones on each side of the 
member. By means of the ori?ce, the energy 
supplied to the ?uid by movement of the dia- 
phragm creates a ?ow of some velocity so that the 
?uid discharged from the ori?ce is directed into 
the opening of a receiving tube and produces 
movement of ?uid from the inlet to the outlet of 
the apparatus. 

It is intended to illustrate the principle which 
I believe to be involved in producing theuni 
directional ?uid ?ow resulting from, vibrating 
diaphragm and its in?uence on the alternate 
movement of ?uid through an ori?ce. In Figs. 3 
and 3a, the diaphragm is illustrated in an extreme 
position comparable to the beginning of the suc 
tion stroke in which ?uid such as gas or atmos 
phere entering the inlet conduit is drawn from 
the high pressure zone existing in the chamber 
.24 through the ori?ce into the relatively low 
pressure zone within the chamber 23. To produce 
this condition‘, the diaphragm begins its move— 
ment inwardly or towards the C-shaped element 
and in doing so the ?uid contained in the cham 
ber 24 is drawn into the ori?ce in a converging 
manner from all parts of the chamber and after 
moving through the ori?ce is discharged into 
the chamber 23. This is speci?cally illustrated in 
Fig. 3a. in which the directional arrows indicate 
the converging ?ow of ?uid in the chamber 24 
and the directed ?ow or eiiiux of ?uid emerging 
from the ori?ce into the chamber 23. 
The diaphragm having reached its most in 

ward or other extreme position instantly begins 
a movement in the opposite direction, Fig. 4, due 
to the effect of change in intensity of current 
?ow in the coil by‘, reason of the alternating or 
pulsating source of power that is to be connected 
to the»terminal [5 of the translating device. As 
the diaphragm moves in this opposite direction, 
the ?uid contained in the one chamber 23 con 
verges towards the ori?ce such as illustrated in 
Fig. 4a and by reason of the kinetic energy given 
the ?uid and the static energy converted the 
?uid converges to the ori?ce. The actuated ?uid 
emerges from the ori?ce and moves in substan 
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tially a straight line path and in a con?ned condi 
tion in the space between the ori?ce and the 
inlet to the outlet opening. Positioning the enter 
ing surface of the outlet tube 20 in alignment 
with the ori?ce and in certain relation thereto, 
the e?iux from the ori?ce is directed into and 
received by the conduit. 
By the‘ operation or cycle just described, ?uid 

entering the chamber 24 from the inlet i9 is ef 
fectively moved into the outlet conduit 20. The 
inertia, contained in the mass moving into the 
econduit and the velocity of the mass opposes the 
,change in, the movement of the diaphragm, such 
7 as occurs in the succeeding cycle during the suc 
- tion stroke, and does not have much effect upon 
' the ?uid ?ow in the conduit except to produce 
some deceleration of the mass. However, this is 
ineffective to cause any substantial amount of 
?uid discharged into the conduit to be reversed 
in direction of movement so as to ?ow back into 
the chamber 24 and at most causes pulsations in 
the discharge of the apparatus. It has been 
found that the net flow from the complete cycle 
of operation is predominantly in a direction from 
the ori?ce into the outlet or collector tube 20. 
In the operative form of the embodiment de 
scribed relative to the use of a 2" diaphragm, 
the inlet and outlet openings in the chamber 24 
are about Tie" in diameter and the plate con 
taining the ori?ce of about 116" in diameter is 
of about the same dimension. 
In order to reduce the resistance of movement 

to the ori?ce as much as possible, the entering 
portions 20:; of the outlet conduit 20 are tapered 
toward the ori?ce so as to reduce the amount of 
resistance and to conform the engaging surfaces 
to the converging movement of fluid, within the 
chamber. The entering end of the conduit is in 
spaced relation to the ori?ce and it is apparent‘ 
that the amount of this spacing can be readily 
determined from the principles involved in the 
invention. It is obviously dependent upon the 
amount of velocity and energy in the mass dis 
charged from the ori?ce and that entering the 
inlet opening l9 into the chamber 24. Also, the 
rate of movement of the diaphragm will have 
some effect upon the proximity of the entering 
end. 
For some purposes,it may be advisable to taper 

the inside surface of the entering end of the out 
let conduit or collector tube 20 as is illustrated 
in Fig. 5 and referring to thejnlet‘portion 22 
which has a converging inner surface to the en 
tering end of the conduit. With this construc 
tion, the ?uid having moved into the conduit 
continues movement in the same direction be 
cause of the minimizing effect the conduit struc 
ture produces within the conduit to the drawing 
actionrcreated by movement of the diaphragm in 
the opposite direction. -. 
While other moving elements may be employed 

for producing an alternating ?ow through an 
‘ ori?ce, the advantage of the diaphragm and its 
translating means is the simplicity and few wear 
ing parts existing. This, in combination with the 
ori?ce member and collector tube, provides a 
pump containing only one moving part, that is, 
the diaphragm, and this is driven magnetically 
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without mechanical contact with any other part ' 
of the apparatus. Furthermore, ‘the apparatus 
in itself is operative to produce a directed ?uid 
flowwithout the employment of a valve system 
or single valve means, and this eliminates ele 
ments most subject to wear in an ordinary type 
of pump. ‘ 75 

I It is to be observed that the embodiment il 
> lustrates'but one application of the principle of 
my invention and this embodiment can be modi 
?ed without departing from my invention such 
as by arranging the passages in a different rash? 
ion to and from the ori?ce or by positioning the 
discharge or collector tube in different relations 
to the moving element such as by positioning the 
tube on the same side as the moving element. 
With this arrangement, the tube is to be posi 
tioned to receive the efilux from the ori?ce during 
what was described in the preferred embodiment 
as the suction stroke of the diaphragm. It is 
necessary, however, that some form of a chamber 
or zone be provided on one side of the ori?ce plate - 
and effected by a moving element to cause the 
movement of ?uid through the ori?ce and effect ' 
a uni-directional or straight line ?ow therefrom 
which can be utilized to produce a flow of soul 
cient capacity and rate of movement. Actually, 
the mechanism of the ‘embodiment produces 
pulses or ?uctuating movements of ?uid due to 
the frequency‘ of operation, but because of the 

’ frequency of operation the result is a continuous 
?ow and is being used quite successfully for sup 
plying a sample to a gas testing apparatus. 
In the commercial construction of vibrating di~ 

aphragm, openings 30 are provided in the frame , 
3 for the purpose of permitting free movement of 
the diaphragm during its operation. 
Although but a single embodiment of the in- I‘ 

ventlon has been illustrated and described which 
discloses fully the principle involved therein, fur 
ther changes and modi?cations in form, material, 
kind and relative arrangement of parts, which 
will now appear to those skilled in the art, may 
be made without departing from the scope of the 
invention. Reference is therefore to ‘be had to 
the appended claims for a de?nition of the limits 
of the invention. 

I claim: 
1. A ?uid pump comprising a relatively thin 

plate member having an ori?ce, an electrically 
operated conically shaped vibratory diaphragm 
supported on one side of the member to enclose 
the ori?ce, an electrical translating means op 
eratively connected to the diaphragm 'to trans 
mit vibrating movement to the diaphragm and 
e?ect an alternating ?ow through the ori?ce, 
and a collector tube disposed on the opposite 
side of the member and having an inlet opening 
in aligned and closely spaced relation to the ori 

' ?ce to receive ?uid discharged therefrom. 
2. An electrical ?uid pump comprising a hous 

ing having a relatively thin plate member with 
an ori?ce, an electrically operated conlcally' 
shaped vibrating diaphragm supported on one 
side of the member to enclose the ori?ce and 
provide‘ ‘a chamber, an electrical translating 
means operatively connected to the diaphragm 
to transmit. vibrating movement to the dia 
phragm and effect an alternating ?ow through 
the ori?ce, the housing having an inlet opening 
on the opposite side of the member, and a col 
lector tube disposed on the same side of the mem 
ber and having an inlet opening in aligned and 
closely spaced relation to the ori?ce to receive 
?uid discharged therefrom, the entering portion 
of the collector tube having its outer surface con 
verging toward the ori?ce to provide a passage 
from the inlet opening to the ori?ce. _ 

3. An electrical ?uid pump comprising a hous 
ing having a relatively thin plate member with 
an ori?ce, an electrically operated conically ‘ 
shaped vibrating diaphragm supported on one 

a 
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sideof the member to enclose‘the orifice and 
‘provide a chamber, an electrical translating 
means operatively connected to the diaphragm 
to transmit vibrating movement to the die 

4 phragm and eil‘ect an‘ alternating ?ow through 
the ori?ce, the housing having an inlet opening 
.on the opposite side of the member, and a collec 
tor tube disposed on the same side of the member 
and having an inlet opening in aligned and close 

ly spaced relation to the ori?ce to receive ?uid 
discharged therefrom, the entering portion 01' the 
collector tube having its outer surface converging 
toward the ori?ce to provide a passage from the 
inlet opening to the ori?ce, and the inner sur 
face of the entering portion converging toward 
thge ori?ce to restrict movement of ?uid from the 
tu . ' 
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