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This invention relates generally to improved 
fluid aspirators, that is, devices in which twoor 
more ?uids are brought together in such relation 
that the motive power of one acts to entrain and 
transfer the other in’ intimate mixtures. 

Aspirators or ejectors of the conventional 
Venturi type have long been widely used as 
pumps, condensers, aerators, mixers and the like, 
and their uses are continually expanding in a 
wire variety of ?elds. This popularity is due pri—~ 

Further contemplated is the provision of an 
' aspirator type device inwhich the intermixture 
of the primary and secondary fluids is more com‘ 
plete and rapid than in prior arrangements. 
‘Another major disadvantage of the conven 

tional Venturi type ejector lies in its inherent in 
. ability tov function elfectively in any relatively 

10 
marily to the ruggedness and simplicity‘ of such ‘ 
ejectors and in certain instances to the vfact that 
a particular result cannot be achieved'as well or 
at all by other means. However, all prior ejec 
tors with which we are acquainted have ‘had at 
least one common disadvantage which has mate 
rially decreased their e?ectiveness in most situa 
tions and has entirely prevented'their use in 
other instances. Speci?cally, the underlying 
theory of operation of the Venturi type ejector 
is such as to precude any possibility of adjust 
ment or regulation of the device to operate sat 
isfactorily under varying or unpredictable inlet 
and outlet pressure or temperature conditions. 
For reasons that need not be discussed in detail 
at this point, such a device must be constructed 
for operation at predetermined pressures and to ‘ 
handle a predetermined rate of ?ow, and any 
appreciable deviation from design conditions im 
mediately decreases the operating efficiency of 
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the ejector often to an extent rendering thede- , 
vice virtually useless. 
The extreme importance of this limitation of 

the conventional ejector is apparent from a real-' 
ization of the fact that, in a large majority of 
the situations in which ejectors are used, the ?uid 
pressures do not remain constant, but vary con 
siderably over a relatively wide range. Conse 
quently, the ejector operates eifectively only a 
very small precentage of the time, that is, only 
during those periods when the pressures happen 
to be approximately at the rated values. 
A major object of the presentinvention is to 

provide an aspirator having all of the advantages 
of the conventional Venturi type ejector and yet 
which is so designed that adjustments may be 
quickly and easily made to compensate for 
changes in operating pressures and flow condi 
tions. As a result, the device may be set to func 
tion at peak efficiency under any conditions with 
in a relatively wide range. As will appear, this 
adjustment may be manual or e?ected by an 
automatic control apparatus responsive to 
changes in such conditions as the pressures of 
either or both ?uid inlet stream. ' 

35 

40 

45 

50 

large size. As is well known in the art, when the 
attempt is made to enlarge the passages of such 
an ejector, the effectiveness of the device drops 
o? rapidly and soon reaches a point at which the 
ejector will notserve its intended purpose. This 
of course narrowly limits or prevents the use of 1 
the ejector for such purposes as the aeration of 
sewage where large volumes of ?uidmust be han 
dled to attain any appreciable result. A partic 
ular object of the present invention is therefore 
to provide an aspirator'which is so designed as 
to' function in any size or capacity which might 
be desired. Aspirators embodying the invention 
have been constructed in sizes up to several feet 
in diameter and have functioned in those sizes 
‘with little or no decrease in e?iciency. 

To achieve the above and other objects, de 
vices embodying the invention direct the primary 
and secondary fluids’. through separate ‘annular 
inlet passages of progressively decreasing sec 
tional area to form two concentric annular 
streams of increased velocity and decreased static 
pressure. These streams impinge together at or 
near the point of maximum velocity of each to 
thoroughly intermix and then discharge as an 
expanding annular stream eventually converting 
to a solid stream of decreased velocity and in 
creased pressure. Adjustment of the device to 
operate. at maximum e?iciency under any par 
ticular pressure and volume flow conditions is 
attained by regulation of the dimensions of the 
two annular inlet passages and of the common 
passage through which the mixed fluids discharge 
together.“ I j 

structurally, an aspirator embodying the in 
vention includes a tubular body containing an 
inner ?ow controlling unit about which the pri 
mary ?uid‘passes in traveling between a body in- _ 
let and outlet. The flow controlling unit may 
comprise a pair of sections, one of which forms 
with the inner body wall a restricted primary 
?uid passage, and the other of which forms with 
the body wall a fluid discharge passage of ex 
panding sectional area. The secondary ?uid is 
introduced by passage annularly outwardly be 
tween these two sections and into the primary 
stream. Axial movement of the sections rela 
tive to each other and to the body effects a varia 
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tion in the dimensions of the inlet and outlet 
passages to permit adjustment of the apparatus 
for most efficient operation under any prevailing 
pressure conditions. 
The above and further features and objects of 

the present invention will be better understood 
from the following detailed description of the 
typical embodiments illustrated in the accom 
panying drawings, in which: 

Fig. l is a central longitudinal section through 
a ?rst form of ?ow controlling device embodying 
the invention and particularly designed for use 
as a sewage aerating aspirator; 

Fig. 2 is a similar view of a second form of de 
vice which we have found to be especially well 
suited for proportioning gas and air being sup 
plied to a burner; and 

Fig. 3 shows a third form of ?ow control de 
vice in which adjustment of the apparatus is ef 
fected automatically in response to changes in the 
?uid inlet pressures. 

Referring ?rst to Fig. l, the aspirator there 
shown comprises essentially an outer tubular 
body generally indicated at In and an inner two 
section ?ow controlling unit || extending axial 
ly within the body. The body is formed section 
ally, and includes an upper tubular main section 
l2 having a pair of side inlets l3 and M and hav 
ing a downwardly extending tubular outlet por 
tion IS. The body also includes an annular re 
placeable ?uid directing insert I6 received with 
in the depending discharge portion [5 of the 
main body section, and a tubular downwardly ex 
tending discharge section |'| threadedly mounted 
to the main body section at |8 to retain insert 
IS in position. Beneath ?uid inlet I3, main body 
section l2 and insert l3 form together an annular 
downwardly converging inner wall l9 merging at 
its lower end with the inner cylindrical wall 2| 
of lower body section H. 
The inner ?ow controlling unit I I includes two 

sections 22 and 23. The ?rst of these sections 
is slidably guided for axial movement by recep 
tion of its upper end within bore 24 of body sec 
tion 12. Opposite end beneath inlet l3, section 
22 of the ?ow controlling unit has an outer 
smoothly curved and slightly converging annular 
surface 25 forming with the inner surface [9 of 
the body an annular passage 26 of progressively 
decreasing transverse section into which ?uid 
from inlet |3 usually the primary or motive ?uid 
is directed. As this ?uid ?ows through passage 
25, its velocity increases to a maximum at the 
most restricted portion 21 of the passage. As 
will appear later, the second dry ?uid is intro 
duced into the annular stream of this ?rst ?uid 
substantially at or near this location of maximum 
velocity to thus assure a highly effective aspirator 
action. 

Section 23 of the ?ow controlling unit has an 
upper tubular portion 28 guided for axial move 
ment by reception in the central bore "29 of sec 
tion 22. Section 23 also includes at its lower 
end a ?uid directing portion 30 tapering down 
wardly to a point to form with the inner cylin 
drical surface 2| of the body a ?uid discharge 
passage 3| of progressively increasing transverse 
section. The upper narrowest portion 32 of this 
discharge passage is of somewhat greater sec 
tional area than the narrowest portion 21 of 
the primary ?uid inlet passage 23 since both 
?uids discharge together through this passage. 
The secondary ?uid is directed inwardly into 

section 23 from inlet I4 through outer annular 
passage 33, radial passage 35, and inner annular 
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passage 34 of section 22, and through openings 
36 of section 23. This ?uid then flows down 
wardly within section 23 and outwardly through 
lower openings 31 into counterbore 38 of section 
22, to pass outwardly between the two sections in 
the form of an annular stream entering the 
stream of the ?rst ?uid. It is particularly noted 
that the path of the secondary ?uid progressive 
ly decreases in sectional area as the ?uid passes 
outwardly and is most constricted at the point 
of introduction of the secondary fluid into the 
primary stream. Consequently, the secondary 
?uid attains its maximum velocity at that point. 

Axial adjustment of the ?ow controlling unit is 
effected by rotation of adjusting nut 39, which is 
axially ?xed relative to section 22 by retaining 
nut 40. Independent axial adjustment of section 
23 is effected by rotation of threaded plug ll 
through knob 42, the plug being suitably secured 
in any manner to section '23, as by forced recep 
tion within its upper tubular portion. 
In using the form of aspirator shown in Fig. 

1, a ?rst or primary ?uid under considerable pres 
sure would ordinarily be introduced into the body 
through inlet |3 to ?ow downwardly about the 
flow controlling unit through passages 26 and 
3|. The maximum velocity and consequently the 
lowest pressure attained in passage 28 would be 
reached at the portion 21 of that passage having 
the smallest sectional area. A second ?uid, 
usually under relatively low pressure, is intro 
duced into the body through inlet M to ?ow 
downwardly within the ?ow controlling unit and 
to pass outwardly in an annular stream between 
the two sections of that unit. The high velocity 
annular stream of the primary ?uid serves to 
carry along with it the secondary ?uid, and these 
fluids then ?ow together through passage 3| in 
which their velocity slowly decreases and the 
pressure increases. 
As will be appreciated, the operation of the 

apparatus must be materially affected by the 
minimum dimensions of passages 26 and 3| as 
well as by the minimum annular spacing between 
the two sections at the point of introduction of 
the secondary ?uid into the primary stream. It 
has been discovered that, for any particular set 
of inlet and discharge pressures, there is a cor 
responding optimum setting for the two sections 
of the inner ?ow controlling unit. Consequently 
upon initial installation, nut 39 and knob 42 are 
manually adjusted to vary the dimensions of 
these various passages until the most satisfactory 
operation is attained under the prevailing pres 
sure conditions. If one of the pressures subse 
quently changes, the position of one or both of 
the sections of the ?ow controlling unit may be 
varied to compensate for that change. For in 
stance section 23 may be moved axially to in 
crease or decrease the size of the secondary ?uid 
passage while also altering the discharge pas 
sage dimension, or the unit as a whole may be 
moved to change the size of the primary ?uid 
and discharge passages. As will be appreciated, 
means may of course be provided for adjusting 
section 22 independently of section 23 where that 
adjustment might be desirable. Thus, an infinite 
variety of adjustments is possible to meet virtu 
ally any operating condition which may arise. 
As brought out in the introduction, no prior as 
pirator with which we are acquainted has been 
adjustable in this manner to operate effectively 
under different pressure conditions, and this ad 
vantage is considered to be one of the most im 
portant features of the present invention. 



5. 
The device shown in Fig.2 is generally the same 

as that shown in Fig. l, differing primarily, only 
in the shapes of the various ‘?uid passages. The 
contours of the passage forming surfaces'in Fig. 2 
are of a design found especially effective for the 
mixing of gas and air ?owing to a burner. 
The device of Fig. 2 comprises essentially a 

tubular body 43 having lateral inlets 44 and 45 
and adapted to discharge downwardly as in Fig. 1.. 
A tubular insert 46 is received within the lower 
portion of body 43, and has at its: upper end a 
tapering or converging surface 4'! corresponding 
to surface I9 of Fig. 1. The upper portionof sur; 
face 41 preferably extends at a ‘greater angle 
than its lower portion, as this arrangement has 
been found most satisfactory for the present pur 
pose. ‘ 

The inner ?ow controllingunit '48 comprises a 
pair of sections 49 and 50 forming with the inner 
wall of the body a primary ?uid'inlet passage 5| 
of decreasing transverse section and an annular 
discharge passage 52 of increasing section. The 
secondary ?uid is introduced through inlet "45 
to pass inwardly and then downwardly‘ within 
the sections of the ?ow controlling unit and to 
then pass outwardly at‘ 53 in an annular stream 
joining with the'stream of the primary ?uid at 
approximately the instant of maximum velocity 
of both. Axial adjustment of the ?ow controlling, 
unit is effected by rotation of adjusting nut 54, 
and adjustment of section 750‘ separately is ef 
fected by rotation of nut 55. Operation of this 
second form of the invention corresponds to the 
operation of the Fig. 1 form; and will not be dis 
cussed in detail. a I" ‘ > 

Increased ef?ciency is attained by directingthe 
two ?uids, after their combination into a single 
stream, through a relatively restricted guiding 
passage formed by a pair of radially opposed par 
allel and tapering surfaces. ' In Fig. 2, the upper 
end of section 5!] forms one of these opposed par 
allel surfaces,~'designated at I59, and the other 
surface is the lower portion l5i' of surface 41 
on ‘the body insert. 
surfaces are frusto-conical, as shown, and posi 
tioned directly adjacent and downstream from 
the point at which the primary and secondary 
?uids are combined. To ‘assure most effective 
control of the combined ?uid stream, the parallel; 
sided passage should be‘ of substantial axial ex 
tent, and preferably ‘has greater axialthan radial 
extent. 

Fig. 3 illustrates a third form of aspirator and 
one in which the adjustment of the sections of 
the ?ow controlling unit is effected automatically 
in accordance with changes in the ?uid inlet 
pressures. In this form as in the others, the 
device includes a body 56 having a pair of lateral 

' inlets 5‘! and 58 and having downwardly extend 
ing discharge 59. The body itself includes an 
inner annular wall 60 spaced from the outer wall 
850 of the body and forming with that wall 
a downwardly converging annular passage 6| 
through which ?uid enteringinlet 51 is directed. 
As will be appreciated this inner body wall, in 
forming with the outer wall. an annular passage 
of decreasing transverse section, performs one of 
the functions of the inner ?ow controlling unit I. 
in the other two forms. . 1 v 

The adjustable portions of the ?ow controlling 
unit in this form include an'upper section 62 
guided for axial movement within a boreformed‘ 
in the lower end of annular wall-60 and having 
a lower end 63 forming with the outer wall‘ of 
the body the narrowest portion of the primary 

Preferably, these parallel‘ 
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?uid inlet passage. Section “has a' transverse 
upper wall 64 containing ?uid passing openings , 
and carrying at its center "an upwardly extend-v 
ing tubular control rod 65. At its upper end, 
rod .65 rigidly carries a circular head 66 having 
an annular groove 61 in its outer surface within 
which a pair of inwardly directed pins 58 carried ' 
by lever arm 69 are received. This lever is piv 
otable about a. fulcrum 10 to adjust the vertical 
position of section 62 of the ?ow controlling unit 
and may be set in any condition by nuts 1| carried 

, by'bolts 12 extending upwardly from the body. 
Rod 65 is guided for axial movement by pas-l 

sage through a tubular member 13, whose lower 
perforated ?ange end 14 bears upwardly against 
transverse wall 15 of the body and whose upper 
end carries tightening and packing nuts 16. 
Flexible pressure responsive bellows 11 extends 
vertically between the lower surface of member 
‘I3 and the upper surface of section 62 of the 
?ow' controlling unit. Fluid entering inlet 58 
passes downwardly.‘ through the openings in 
?ange 14 of member 13, then, through bellows 
71, and ?nally through the openings in member 
62 to pass outwardly between thevtwo sections 
of the ?ow controlling unit. , , 

The lower section 18 of the ?ow controlling 
unit is of. the same general tapering con?gura 
tion as in previous forms, and has an upwardly 
extending control shaft 19 guided for axial move 
ment by passage through rod 65. Lever 19, ‘ful 
crummed at 80, regulates the axial positions of 

. ‘section 18, ‘and is itself automatically actuated 

40 

in response to changes in ?uid pressure at inlet 
51. For this purpose, we provide a pressure re 
sponsive diaphragm 8| in communication‘ at one 
side withthe ?uid at inlet 51 and mechanically 
connected through arm 82 to lever '19. . 
In the operation'of the apparatus shown in 

Fig. 3, a ?rst ?uid enters inlet 5'! to pass down 
~ wardly through ‘converging passage El and to 
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attain its highest velocity upon passing the lower 
end of section 62 of the ?ow controlling unit. " 
The second ?uid enters inlet 58 and passes down 
wardly through the bellows to flow annularly 
outwardly into the stream of the primary ?uid 
and to dischargewith that ?uid through the ' 
lower end of the body. Upon variation of' the 
pressureat inlet 51, diaphragm 8i responds to 
correspondinglydisplace-section 18 of the‘?ow‘ 
controlling unit to thereby compensate for. the 
change in pressure in 'a' manner such that peak 
efficiency of the apparatus is maintained. Sim 
ilarly, upon variation of the pressureat inlet 58, 
bellows 11 responds to displace section ,62 (as-' 
suming that the section has not been preset in 
a desired position by tightening of nuts ‘ll against 
lever“). ‘ ' ‘ ~ > ‘ - 

We claim:' " ' 

“1. An aspirator comprising a tubular ?uid ~ 
passing body having a ?uid inletv and an outlet 
spaced axially therefrom, said body having an 
inner wall with an annular tapering portion, an ‘ 
inner ?ow controlling unit i within said‘ body 
and about which ?uid passing between said in 
let and outlet ?ows,v said unit including a ?rst 
section having an annular outer surface form 
ing-withfthe inner wall of said body an annular 
relatively restricted ?rst passage into which a 
first ?uid is directed from said inlet, said unit 
including. a second section having an annular 
outer surface downstream from said outer sur-~ 
face of the first section and forming with ‘said 
body wall a'discharge passage of progressively 
increasing transverse section leading to the out-. 
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let end of the body, said ?rst. passage and said 
discharge passage each having a most restricted 
portion of minimum cross-sectional area, said 
sections having proximate annular outer por 
tions in annularly spaced relation on which said 
outer surfaces are formed, said unit containing 
a passage communicable with a supply of a sec 
ond ?uid and leading said second ?uid into the 
space between said outer portions of the sec 
tions for discharge through said space in an 
annular stream_int0 the stream of said ?rst 
?uid, said outer surfaces of the sections having 
annular portion near the point of introduction of 
said second ?uid and opposite said tapering por 
tion of the body wall and forming therewith said 
most restricted portions of the passages between 
said outer surfaces respectively and the body 
wall, and means mounting both of said sections 
for axial movement relative to each other and 
to said tapering portion of the body wall to vary 
the sectional area of said most restricted pas 
sage portions, and two individual control units 
operable to vary the positions of said two sec 
tions in accordance with the pressures of said 
two ?uids respectively. 

2. An aspirator comprising a tubular ?uid 
passing body having a ?uid inlet and an outlet 
spaced axially therefrom, said body having an 
inner wall with an annular tapering portion, an 
inner flow controlling unit within said body and 
about which ?uid passing between said inlet and 
outlet ?ows, said unit ‘including a‘ ?rst section 
having an annular outer surface forming with 
the inner wall of said body an annular relatively 
restricted ?rst passage into which a ?rst ?uid 
is directed from said inlet, said unit including a 
second section having an annular outer surface 
downstream from said outer surface of the ?rst 
section and forming with said body wall a dis 
charge passage of progressively increasing trans 
verse section leading to the outlet end of the 
body, said ?rst passage and said discharge pas 
sage each having a most restricted portion of 
minimum cross-sectional area, said sections hav 
ing proximate annular outer portions in an 
nularly spaced relation on which said outer sur 
faces are formed, said unit containing a passage 
communicable with a supply of a second fluid 
and leading said second ?uid into the space be 
tween said outer portions-of the sections for 
discharge through said space in an annular 
stream into the stream of said ?rst ?uid, said 
outer surfaces of the sections having annular 
portion near the point of introduction of said sec 
ond ?uid and opposite said tapering portion of 
the body wall and forming therewith said most 
restricted portions of the passages between said 
outer surfaces respectively and the body wall, and 
means mounting both of said sections for axial 
movement relative to said tapering portion of the 
body wall to vary the sectional area of said most 
restricted passage portions. 

3. An aspirator comprising a tubular ?uid 
passing body having a ?uid inlet and an outlet 
spaced axially therefrom, said body having an 
inner wall with an annular tapering portion, 
an inner ?ow controlling unit within said body 
and about which ?uid passing between said 
inlet and outlet ?ows, said unit including a 
?rst section having an annular outer surface 
forming with the inner wall of said body an 
annular relatively restricted ?rst passage into 
which a ?rst ?uid is directed from said inlet, 
said unit including a second section having an 
annular outer surface downstream from said 
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outer surface of the ?rst section and forming 
with said body wall a discharge passage of pro 
gressively increasing transverse section leading 
to the outlet end of the body, said ?rst passage 
and said discharge passage each having a most 
restricted portion of minimum cross-sectional 
area, said sections having proximate annular 
outer portions in annularly spaced relation on 
which said outer surfaces are formed, said unit 
containing a passage communicable with a sup 
ply of a second ?uid and leading said second 
?uid into the space between said outer portions 
of the sections for discharge through said space 
in an annular stream into the stream of said 
?rst ?uid, said outer surfaces of the sections hav 
ing annular portion near the point of introduc 
tion of said second ?uid and opposite said taper 
ing portion of the body wall and forming there 
with said most restricted portions of the pas 
sages» between said outer surfaces respectively 
and the body wall, and means mounting said 
sections for axial movement relative to said ta 
pering portion of the body wall to vary the sec 
tional area of said most restricted portions of 
the passages, and for relative axial movement 
to vary the distance between said outer portions 
thereof to thereby vary the ?ow of said second 
?uid, 

4. An aspirator comprising a tubular ?uid 
passing body having a ?uid inlet and an outlet 
spaced axially therefrom, a ?ow controlling unit 
extending axially within said body and about 
which a ?rst ?uid ?ows in passing between said 
inlet and outlet, said unit including a ?rst sec 
tion having an outer surface spaced from the 
body and forming therewith a passage through 
which said ?rst ?uid ?ows, said unit including 
a second section having an outer surface down 
stream from said outer surface of the ?rst sec 
tion and spaced from the body, said unit con 
taining a- passage communicable with a supply 
of a second ?uid and directing said second ?uid 
from within the unit into the stream of said ?rst 
?uid at a location between said outer surfaces 
of the sections, said outer surface of the second 
section and an inner surface of the body wall 
having radially opposed substantially parallel 
and tapering portions of substantial axial ex 
tents between which both ?uids ?ow toward said 
outlet, and said outer surface of the second sec 
tion having downstream from said parallel sur 
faces a tapering portion forming with the op 
posed body wall a discharge passage of progres 
sively increasing transverse section leading to 
ward said outlet. 

5. An aspirator as recited in claim 4, in which 
said parallel surface portions are located directly 
adjacent and downstream from the point of in 
troduction of the second ?uid into the stream of 
the ?rst ?uid. 

6. An aspirator comprising a tubular ?uid 
passing body having a ?uid inlet and an outlet 
spaced axially therefrom, a ?ow controlling unit 
extending axially within said body and about 
which a ?rst ?uid flows in passing between said 
inlet and outlet, said unit including a ?rst sec 
tion having an outer surface spaced from the 
body and forming therewith a passage through 
which said ?rst ?uid ?ows, said unit including 
a second section having an outer surface down 
stream from said outer surface of the ?rst sec 
tion and spaced from the body, said unit con 
taining a passage communicable with a supply 
of a second ?uid and directing said second ?uid 
from within the unit into the stream of said first 
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?uid at a location between said outer surfaces 
of the sections, said outer surface of the second 
section and an inner surface of the body wall 
having radially opposed substantially parallel 
and tapering portions between which both fluids 
?ow toward said outlet and forming therebe 
tween a parallel-sided passage having a greater 
axial than radial extent, and said outer surface 
of the second section having downstream from 
said parallel surfaces a tapering portion forming 
with the opposed body wall a discharge passage 

10 
opposite said outer surface of the ?rst unit sec 
tion. 

9. An aspirator as recited in claim 4, in which 
' said parallel surface portions are substantially 

of progressively increasing transverse 1 section 
leading toward said outlet. 

7. An aspirator as recited in claim 6, includ 
ing. means mounting said sections for axial ad 
justing movement relative to each other and to 
the body. 

8. An aspirator as recited in claim '6, in which 
said body has a converging annular wall radially 

5 frusto-conical and of su?icient ‘extent to form 
therebetween a converging parallel-sided passage 
having a ‘greater axial than radial extent. 
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