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ABSTRACT OF THE DISCLOSURE 

A method, and apparatus for the practice thereof, in~ 
volving the use of a conduit open at both ends for con 
ducting a moving, polluted ?uid, such as gas, therethrough. 
The conduit has an inlet, mixing section along its length, 
and an outlet, expansion section of generally diverging 
cross-section. Atomizers or spray jets are arranged within 
the inlet to ?nely spray a ?uid, more dense than the pol 
luted ?uid, such as a liquid, in uniform distribution into 
the mixing section, at a velocity which approximates and 
a direction which is the same as that of the polluted ?uid. 

This invention pertains to methods and devices for 
pumping ?uids, and to methods and devices for cleaning 
?uids, and in particular to methods and devices for simul 
taneously pumping and cleaning ?uids. 
Known methods, and devices for pumping ?uids, in 

volving jet pumps as they are known, commonly employ a 
conduit or pipe in which there is formed a constriction or 
neck which forms a venturi tube therein. The pumping 
?uid is forced through the neck, at great pressure, and 
high relative velocity, is formed into a spray, and creates 
a relative vacuum into which the ?uid to be pumped is 
introduced. However, energy losses in these devices are 
high. Because of the marked disparity in the velocities of 
the polluted and pumping ?uids, mixing and energy re 
covery are poor. 

It is also known to practice the use of a single, solid 
stream of ?uid, such as a liquid, as a primary or func 
tional jet. A stream has some cleaning ability, but prin 
cipally involves a turbulent scrubbing action to separate 
out pollutants from the ?uid, such as a gas, being treated. 
Also, a stream is less ef?cient, as a pumping medium, than 
is a ?nely divided spray. And whatever limited e?iciency 
the stream has, toward pumping, is made less so by the 
turbulence involved in the cleaning function. 
There are, of course, methods which do use spray de 

vices which cause the primary or functional jet of ?uid to 
impinge on chamber surfaces—walls or partitions or the 
like—to break up the ?uid jet into ?nely divided compo 
nents. In such processes, the devices used exhibit a clean~ 
ing function which is reasonably adequate, but because of 
the back-splashing caused by the impingement, the pump 
ing function thereof is nil. 
We have determined from analyses that it is practical to 

both pump and clean a ?uid in a highly e?icient manner 
not practiced heretofore which does involve the use of a 
?nely divided spray of primary or functional jets of ?uid, 
but in which the jets are not directed for impingement on 
surfaces and are not forced through pressure-generating 
constrictions. 

Accordingly, it is an object of our invention to teach a 
method, and apparatus for the practice thereof, in which 
a spray of cleansing and pumping ?uid is mixed with a 
polluted ?uid to cause pumping of the latter ?uid, and to 
cause pollutants to separate from said polluted ?uid and 
to become entrained by said cleansing and pumping ?uid. 

Another object of our invention is to teach a method, 
and apparatus for its practice, in which a spray of 
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cleansing and pumping ?uid, of a given density, is mixed 
with a polluted ?uid of lesser density to cause cleansing 
and pumping of said polluted ?uid by said spray. 
A feature of this invention comprises the provisioning 

of a conduit, open at both ends, with extended mixing and 
expansion areas of common axes, through which conduit 
a moving polluted ?uid is directed, and in which mixing 
area a ?nely-divided spray of pumping and cleansing ?uid 
is propelled at a velocity vgreater than that of the polluted 
?uid, uniformly distributed, and mixed with said polluted 
?uid. 

Further objects and features of this invention will be 
come more apparent by reference to the following de 
scription taken in conjunction with the accompanying 
?gures, in which: 

FIG. 1 is an isometric projection of a preferred em 
bodiment of a ?uid cleaning and pumping apparatus, ac 
cording to our invention, usable in the practice of our 
invented method; and 
FIG. 2 is a horizontal sectional view, in isometric pro 

jection, taken along section line 2—2 of FIG. 1, of one 
of the inlet vanes. This view is on a much greater scale, 
than that of FIG. 1, to show the detail of the carriage 
of spray-jet devices on the inlet vanes. 
Our inventive method of ?uid cleaning and pumping 

contemplates the use of a pipe or conduit through which a 
moving, polluted ?uid, such as gas, is to be conducted. 
Thus, the embodiment of a novel apparatus for practicing 
the method, shown in FIG. 1, comprises a conduit 10 
open at either ends thereof. A ?rst open end 12 and a 
second open end 14 are the inlet and outlet accesses, re 
spectively. 
Conduit 10 is formed of two, contiguous sections, mix 

ing section 16, and expansion section 18, which sections 
have common axes. Mixing section 16 is of uniform cross 
section throughout the length thereof. However, it could 
be of varying cross-section. The con?guration of this 
cross-section is to be determined by the pattern of the 
pumping ?uid spray-and of this, more is explained 
further on in this specification. Expansion section 18 is of 
varying cross-section—~as a result of its diverging con 
?guration relative the axis thereof. 

Arranged horizontally across and within inlet end 12 
are a plurality of spaced-apart vanes 20. Approximately 
a dozen vanes 20 are shown, however the number of vanes 
in the plurality thereof is not critical. Vanes 20 are of 
aerodynamic shape; i.e., they are formed as air foils to 
minimize the degree of resistance they will offer to the 
conduct of polluted ?uid therebetween. 

Polluted ?uid requiring cleansing and pumping is in 
troduced at inlet end 12 with a velocity, by way of 
example, of 165 feet per second, although the acceptable 
velocity may fall within a given range of velocities 
which, we will say, are between 150 and 180 feet per 
second. This polluted ?uid, on having passed the vanes 
20, is met with a pumping and cleansing ?uid supplied 
thereat by piping 22. Piping 22 is arranged about mix 
ing section 16, proximate to the inlet end 12, for 
through-connection with plumbing and nozzles carried 
by vanes 20. 
As shown in FIG. 2, vanes 20 have pipes 24 arranged 

therewithin which are through-connected with small 
?uid lines 26 extending rearward (i.e., toward outlet 
end 14) therefrom. Lines 26 have the rearward ends 
thereof carried by nozzles 28. Nozzles 28 project rear 
ward from the trailing edge of vanes 20 to which they 
are mounted, and have small spraying slots or ori?ces 
30 at the terminations thereof. 

Interconnection details, by means of which piping 22 
and pipes 24 are joined, are not shown-such being a 
matter of design choice. Further, lines 26-, nozzles 28, 
and ori?ces 30 cooperate with each other as ?uid spray 
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generating means; the minute structural details are not 
given, as spray-generating means are widely known in 
this art. However, our spray-generating means contem 
plate means capable of both high “nozzle e?iciency” 
and [line atomization, simultaneously. Thus, our spray 
generating means are such as will receive a supply of 
pressured liquid, via piping 22, and discharge same out 
of ori?ces 30 in a ?nely-divided, mist-type spray, hav 
ing droplet sizes ranging between 300 and 50 microm 
eters, and having a velocity within the velocity range, 
by way of example, of 160 to 190 fps. 
Each vane 20 carries a plurality of equi-distant nozzles 

28, as FIG. 2 represents. Further, as there are a dozen 
or so vanes in the plurality thereof, a great number 
of nozzles are arranged, in a matrix-like pattern, within 
section 16, adjacent the inlet end 12 thereof. The spray 
pattern facility thereof, accordingly uniformly distributes 
the ?nely-divided, mist-type spray in section 16. When 
the con?guration of section 16 is varied, in the fabrica 
tion thereof, the spray pattern must be varied accord 
ingly to insure that the ?ne, fog-like spray is uniform 
ly distributed throughout. 
The spray pattern has presented before it consider— 

able length of mixing section 16 in which to ditfuse 
and commingle with the polluted ?uid. For example, the 
chord length of vanes 20 is in the order of three to 
four inches—with the nozzles 28 extending therebeyond 
but another one-eighth to one-quarter of an inch. Section 
16, on the other hand, extends some three feet in the 
axial direction. Section 18 is approximately ten feet in 
length. Accordingly, the propelled spray fully diffuses 
throughout mixing section 16 and moves axially there 
along toward separation section 18. 

There is a limited disparity in the relative velocities 
of the polluted ?uid and the primary or pumping and 
cleansing ?uid. Accordingly, both pumping and clean 
ing e?iciences are achieved. The velocity of the polluted 
?uid is set forth as 165 fps. and that the primary ?uid 
as 175 f.p.s. Pumping ef?ciency can be decreased, and 
cleaning e?iciency increased, simply by increasing the 
disparity in relative velocities of the ?uids. Therefore, 
such change in performance can be effected by varying 
the pressure of the source of the primary (pumping and 
cleaning) ?uid supply. 

Broadly, our inventive method comprises the pro 
rvisioning of a conduit con?gured in accordance with 
that of conduit 20, admitting the polluted ?uid through 
the conduit, and mixing a spray of cleansing and pump 
ing ?uid therewith. It is expected that our method will 
be practiced with a gas as the polluted ?uid, and a 
liquid as the primary or cleansing and pumping ?uid. 
However, our invention is not so limited. It can be 
practiced with ?uids of whatever natures, providing only 
that the primary ?uid be more dense than the polluted 
?uid. 
As a pumping method and apparatus, our invention 

is superior to conventional ejectors because it takes ad 
vantage of the high density of the primary ?uid and 
the excellent momentum exchange between the two 
?uids. Because of its high density, the primary ?uid 
was a high energy level relative to that of the secondary, 
polluted ?uid, without the necessity of it having a very 
high velocity. Because of the low velocity differential 
between the primary ?uid and the polluted ?uid (and 
the improved momentum exchange between the driving 
and the driven ?uid) the resultant pumping e?iciency is 
vastly superior to that achieved by conventional ejectors. 
The ability of our method, and apparatus for the 

practice thereof, to remove pollutants from the polluted 
?uid arises as a result of impaction of the ?nely-divided 
components of the primary ?uid with the pollutant 
particles and the resulting capture and entrainment there 
of, by said primary ?uid, in such a manner that the 
pollutant particles become collected by the primary ?uid 
and may be withdrawn therewith at the outlet end, via 
conventional drainage means 32. 
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Fundamentally our inventive method teaches the step 

of pumping of a ?uid with a ?nely-divided dense ?uid. In 
practicing the invention with a liquid as the primary ?uid, 
it is necessary to develop a ?ne, mist-spray thereof. Only 
if this ?ne division of the primary ?uid is achieved can the 
high pumping e?iciency be obtained. A number of neces 
sary criteria have been established which must be met 
by the form of this ?ne division, this ?ne spray, if it is 
to operate satisfactorily. The spray must satisfy speci?c 
conditions in the size of the components, droplets or 
whatever, composing it. It must also satisfy speci?c con 
ditions in the distribution of these components across the 
area of mixing section 16 through which the polluted ?uid 
is conducted. Results obtained to date indicate that if 
the components are too large, the rate of deceleration, 
from spray release, at ori?ces 30, to outlet end 14, will 
be too slow and the transfer of the energy between the 
components and the polluted ?uid will necessitate a long . 
interacting distance. Likewise, for purposes of cleaning, 
the components of the spray, if too large, will provide 
an insu?icient amount of surface area for entraining 
pollutants thereon. The overall length of an apparatus 
using oversized spray components would be prohibitive 
from a standpoint of practicality. Vice versa, if the com 
ponents are too small, the amount of energy necessary 
to achieve atomization becomes prohibitive. It would re 
quire extremely high primary ?uid pressures, and in turn 
the high primary ?uid pressures will produce a reduced 
e?ieiency for the entire pumping apparatus. Small com 
ponents of spray, however, perform ef?cient cleaning. 
Hence, it was determined that some prescribed range of 
spray component size was necessary for our practical 
apparatus to be built. This component size is that falling 
between 300 and 50 micrometers in diameter. In this 
prescription of component size we refer to the median 
mass size of the spectrum of components. 

It is absolutely necessary that a highly uniform dis‘ 
tribution of the spray components be achieved across the 
mixing section 16. It is to be noted that the polluted ?uid 
pressure, as we move down the axis of the conduit 10, 
toward outlet end 14, continuously increases as a result of 
the interaction between it and the spray components. The 
spray of primary ?uid, in effect, is supporting a pressure 
dilferential between the ends 12 and 16 of the conduit .10 
by virtue of its own dynamic action. If the spray were 
such as to have gross nonuniformities where the density 
of the components thereof in one location is higher than 
the density thereof in another location, the weaker areas 
would not be capable of supporting the generated pres 
sure rise and the polluted ?uid would, so to say, “leak” 
back upstream, thus destroying the eifectiveness of the 
apparatus as a ?uid pump. Thus, we have found it im 
perative to specify a tolerable variation of momentum of 
spray components across the mixing section 16 of not 
more than +10% of the mean value. 

‘Our method, and the apparatus here taught for its 
practice, has an enormous built-in ?exibility to a great 
variety of individual applications. For example, consider 
ing the use of water as a primary ?uid, and air as the 
polluted ?uid, then by varying the water-to-air ratio, or 
by varying the pressure of the water, it is possible to 
cover a wide range of pressure ratios in the air pumped 
by the apparatus. Our apparatus then is competitive with 
fans, as well as with blowers and compressors. 
Our method, and the novel apparatus disclosed herein, 

are capable of handling situations not presently handled 
by such methods and apparatus, namely, the blowing or 
pumping of gases that are dirty, or corrosive, or that 
carry segments of solid matter, or are at a high tempera 
ture. It is capable of displacing ejectors in many appli 
cations because of its high potential e?iciency. Our novel 
method and apparatus are especially well suited to pump 
condensible vapors where the condensation would nor— 
mally foul up the known, intricate mechanical corn~ 
pressors. - 



3,608,274 
In the ?eld of air or gas cleaning, an obvious appli 

cation of our teaching is in scrubbers. The method and 
apparatus of our invention are capable of scrubbing solid 
matter out of a gas (as for example, ?y ash, fumes, iron 
oxide, and other entrained solid particles). They are also 
capable of removing certain pollutant gases such as sulfur 
dioxide, and others, particularly if the spray used is a 
chemical other than water, or water with some appropri 
ate solute. 

Accordingly, While we have described our invention 
in connection with speci?c steps of method, and in con 
nection with a speci?c embodiment thereof, it is to be 
clearly understood that this is done only by way of ex 
ample and not as a limitation to the scope of our invention 
as set forth in the objects thereof, and in the accompany 
ing claims. 
We claim: 
1. A method of cleaning and pumping a polluted ?uid 

having a ?rst velocity within a given range of velocities, 
comprising the steps of: 

providing a conduit, open at both ends thereof, having 
extended mixing and expansion areas with common 
axes along the length thereof; 

admitting said polluted ?uid through said conduit; and 
mixing only one other ?uid with said polluted ?uid; 

wherein 
said other ?uid comprises a spray of cleaning and pump 

ing ?uid, having a second velocity which is but frac 
tionally greater than said ?rst velocity, said spray 
being mixed with said polluted ?uid to cause a pump 
ing of said polluted ?uid, and to cause pollutants to 
separate from said polluted ?uid and to become en 
trained by said cleansing and pumping ?uid. 

2. The method of claim 1 wherein the ?uid~spray~ 
mixing step comprises the mixing of a cleansing and pump 
ing ?uid which has a density greater than that of said 
polluted ?uid. 

3. The method of claim 1 wherein the ?uid-spray-mix 
ing step comprises the mixing of a liquid cleansing and 
pumping ?uid. 

4. The method of claim 1 wherein the ?uid-spray 
mixing step comprises the step of uniformly distributing 
said spray at least within said mixing area. 

5. The method of claim 1 wherein the ?uid-spray 
mixing step comprising the step of uniformly distributing 
a spray of liquid cleansing and pumping ?uid. 

6. The method of claim 5, wherein said spray dis 
tributing step comprises forming said spray of droplet 
sizes ranging between 300 and 50 micrometers in diameter. 

7. The method of claim 1, wherein said ?uid-spray 
mixing step comprises the mixing of said cleansing and 
pumping ?uid at least within said extended mixing area; 
and further including the step of removing said cleansing 
and pumping ?uid, with pollutants entrained therewith, 
from said expansion area. 
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8. Apparatus for cleaning and pumping a polluted ?uid 

having a ?rst velocity within a given range of velocities, 
comprising: 

a conduit, open at both ends thereof, having extended 
mixing and expansion areas with common axes along 
the length thereof; 

said conduit being provisioned for admitting said pol 
luted ?uid therethrough; and 

means for mixing only one other ?uid with said polluted 
?uid; 

wherein said mixing means comprises matrix-patterned 
means for mixing a spray of cleansing and pumping 
?uid with said polluted ?uid to cause pumping of 
said latter ?uid, and to cause pollutants to separate 
from said polluted ?uid and to become entrained by 
said cleansing and pumping ?uid. 

9. The apparatus, according to claim v8, wherein: 
said ?uid-spray-mixing means comprises means for mix 

"ag a ?uid of greater density than said polluted ?uid. 
10. ‘he apparatus, according to claim 8, wherein: 
said ?uid~spray-mixing means comprises means for 

mixing a liquid. 
11. The apparatus, according to claim 8, wherein: 
said ?uid-spray-mixing means comprises means for 

uniformly distributing said spray at least within said 
mixing area. 

12. The apparatus, according to claim 8, wherein: 
said ?uid-spray~mixing means comprises means for uni 

formly distributing a spray of liquid at least within 
said mixing area. 

13. The apparatus, according to claim 10, wherein: 
said ?uid-spray-mixing means comprises means for 

forming said spray in droplet sizes ranging between 
300 and 50 micrometers in diameter. 

14. The apparatus, according to claim 8, wherein: 
said ?uid-spray-mixing means comprises means for uni~ 

formly distributing said spray at least within said 
mixing area; and 

further includes means for removing said cleaning and 
pumping ?uid, with pollutants entrained therewith, 
from said expansion area. 
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