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To all whom it may coneern:

Be it known that I, Epwin M. Rogers, a
citizen of the United States, residing in New
York, in the county of New York and State
of New York, have invented certain new and
useful Improvements in Methods of and Ap-
paratus for Elevating Liquids by a Multi-
lift Uniflow Airlift System, of which the
following is a specification. . )

The present improvements relate to the
art of elevating liquids by means of the air-
lift, and to improved methods and ap-
paratus whereby to effect the air-lifting
operation in a continuous and economical
manner, and especially by an improved
multi-stage operation under the control of
an interactive regulation and thereby secure
a highly effective mode of “action, and an
adaptability for successful use under a wide
range of conditions, and for practically and
rapidly elevating liquids to unusual heights
in proportion to the initial submergence
and while greatly reducing the losses, espe-
cially the waste of power, normally and
hitherto resulting from the use of the air
under a high degree of compression.

A leading object of the present invention
is to furnish a method of air-lifting liquids
whereby the liquid to be elevated may be
initially received in a stream at the lower
end of a primary uptake pipe, and then be
conducted through any required number of
successive elevation-stages to an outlet for
final discharge, and be so conducted while
maintained (throughout its path or course)
in the form of a continuous stream not sub-
jected, first, to dispersion, and then to re-
formation while the stream, in passing
through successive uptake stages, is sub-
jected to successive aerations and de-aera-
tions. Since, by means of this method, the
flow of liquid continues in a highly constant
and uniform manner hitherto not' practi-
cally attainable, T have herein designated
this peculiar and continuous flowage of the
liquid as a “uni-flow” stream.

A further object is to provide a liquid-
elevating appartus in which the described
uni-flow stream may be conducted in a con-
tinuous stream-form throughout its entire
path or route from inlet to outlet, and be
therein forwardly impelled by successive
sunbmergence-effects combined and coactive.
with corresponding aerations and de-aera-
tion stages; and which, for realizing this

¢

method and result, shall subject the uni-flow
stream (continuously while in operation) to
the controlling effect of a plus-atmospheric
pressure at all points in the said path there-
of, and, also, to an interactive regulation
of flowage and of submergence-eﬁects in
all (or in any desired plurality) of said sue-
cessive stages.

A still further object is to furnish such
an apparatus provided with means for ob-
taining said plus-atmospheric pressure, and
an effective interactive regulation by the aid
of a method of energy-conversion, whereby
the kinetic-energy of a spouting column may
be utilized at eacﬁ (or at one or more) of the
de-aeration stages, for thereby producing a
super-head pressure in an outlet channel of,
and at the junction of, an uptake column
with a next following and down-flowing
submergence column, and for thereby also
forming a liquid-column super-head sup-
plemental to an otherwise normal submer-
gence-head, so that at each down-turn por-
tion of the uni-flow stream the movement
thereof will take place by a continued
stream-form flowage and while maintained
under the super-head pressure.

A further object is to provide an airlift
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system comprising successive single airlifts

(whether these are two or more in number)
which shall be arranged in the system, and
shall coactively operate as airlift pairs hav-
ing the airlifts thereof connected for inter-
active regulation ; and, for thus purpose, also
to combine and connect the uptake column
of one said airlift (this column being longi-
tudinally elastic by reason of its aeration)
with the submergence column of a next fol-
lowing airlift, (this submergence column
being, normally, longitudinally non-elastic

owing to its relatively non-aerated, condi-

tion), and so provide, (as hereinafter ex-
plained), for a time-interval to occur be-
tween certain of the inter-regulative func-
tions, whereby to obtain a highly effective
conjoint regulation as between a super-head
portion of the submergence column of one
airlift and a super-head pressure in a com-
bined de-aerater and kinetic-energy con-
verter of a preceding single airlift of the
system.

It is also a further aim and purpose of the
present invention so to employ the numerous

advantages peculiar to said method, and so"
to organize and operate the apparatus as a -



whole and in detail, as to minimize the
losses hitherto normally incident to the air-
lifting method and to improve the charac-
ter of the cooperation and functioning of

* the method and apparatus, for thereby se-

10

15

curing an aggregate efficiency, and depend-
ability of action, whereby this method may
be substituted,—practicafly and with com-
mercial advantage as to operating cost and
maintenance,—for the ordinary and much
more expensive pumps or like machines for

“either temporary or permanent use in rais-

ing water from mines and wells, and espe-
cially wherever this kind of work is required
to be carried on upon a varying scale either
intermittently or constantly.

A further object is to furnish, as a com-
posite element for and in a more extended
system, a two-stage airlift arranged in the
form of an airlift pair which comprises an
improved primary airlift so combined and
cooperating with a secondary airlift that
these two component air-lifts will operate
not merely singly or each individually and

. by itself, but will operate together con-

-

jointly and in an interactive and inter-
regulative manner, and thereby function as
a single apparatus having continuity of or-
ganization and action. ~
Also, one object is to furnish an improved
rimary airlift, or single system-member,
or use as one member of the described air-
lift pair, and to provide this primary mem-
ber with a structural arrangement or means
constituting a combined de-aerator and
kinetic-energy converter, whereby an initial
uptake column of aerated liquid,—during
a normal operation of the system,—shall
be laterally enclosed throughout the entire
height thereof, within a conduit which in-
cludes an upper conduit-portion or length
wherein the de-aeration is normally effected
in conjunction with a utilization of ‘the
kinetic-energy of a spouting column to form
and maintain (during normal operation) a
super-head pressure transmittable as a_con-
tinuing force and with a plus-atmospheric
Eressure, to a next succeeding airlift mem-
er of such a pair, and thence in the same
manner to a next following airlift of a
multi-pair system. Thus, as hereinafter
more fully explained, the apparatus com-
prises means for transforming the kinetic

-energy of the discharging water and air-

into pressure and thereby conserving, or re-
storing, a part of the head otherwise lost;
and transforming into actual head such en-
ergies as are latent in, or result from, the
disturbances incident to the de-aeration
process and to the transferring of the liquid
from one airlift-member to another of them
in a multi-stage system.

A further object is to provide a peculiar
and perfected organization of the said appa-

i ratus and elements thereof, in which those

1,537,264

elements, including the several conduit mem-
bers appurtenant to the apparatus, shall be
so connected into one continuous but multi-
stage system, and shall be so co-active in this
system for the inter-regulative control of
the operation thereof, that the liquid may
be air-lifted to relatively great elevations
by short stages comprised in the single and
continuous uni-flow stream, and shall thus
operate with an economy incident to the use
of low-pressure air, and also so operate
without the loss or discarding, at any point,
of any increment or residue of un-utilized
air-pressure, and without the employment
or aid of any mechanically-operable floats
or valves, or other movably-acting regu-
lators or stream-controlling devices, whether
or not adapted for directly or indirectly
affecting either pressures or stream-flow.

While the various phenomena involved in
or incident to the operation of the system,
or to the operation and interactive regula-
tion of the airlifts comprised therein, or to
the several components and devices appurte-
nant to those airlifts, may not as yet, or
in all respects, be fully known or under-
stood, nevertheless, from a considerable ex-
perience with airlifts as employed in mines,
and from special investigations and prac-
tical tests of the present improvements, it
is believed that the following description
properly explains the nature and mode of
action of this unitary airlift system and of
the several elements thereof, In connection
with the -accompanying drawings, in
which—

Figure 1 is a side-view, or elevation (as-
sumed to be drawn mainly in section) illus-
trative of a two-stage airlift system ar-
ranged and operable in accordance with the
present invention. In this view, for con-

_venience of illustration, (and following a

conventional practice), the longer tubes and
conduit members are shown greatly reduced
in length in proportion to their diameters,
as compared with the relative lengths and
sizes thereof heretofore more commonly
used ; this expedient is deemed to be neces-
sary in order to more clearly represent the
relations of the several elements in a pre-
ferred organization thereof. For instance,
the diameter of pipe B! is here shown hav-
ing a diameter of nearly one-twentieth of its
length, whereas in practice said diameter
often may be only two to four inches,—
though 1In some instances very much
larger,—while almost any length may be
used ; lengths of from fifty to one hundred
feet are sometimes employed, depending
upon the conditions and requirements in any
particular instance.

Fig. 2 is a side-view similar to Fig. 1
(but drawn on a smaller scale) for showing
the same general arrangement when this is
extended into a three-stage system having
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the component air-lifts thereof positioned,
equipped and connected for an automatic
and interactive regulation. ,

Fig. 8 is a side view analogous in arrange-
ment to Fig. 2, for more fully illustrating
the method of operation of the system and
the principles thereof; and, for explaining
the several coactive means and functions
whereby there is obtained an inter-regula-
tive control which extends throughout this
multi-stage apparatus.

Fig. 4 is an enlarged and more complete
view of the upper portion of a primary air-
lift of the form shown in the preceding
views, and illustrates certain relations and
phenomena as hereinafter explained, regard-
ing the spouting-column and the peculiar
method and means provided for utilizing the
kinetic energy thereof while maintaining a
uni-flow stream, and whereby said upper
portion becomes an energy-converter and
operates in the multi-stage system as an
economizer-regulator. .

Figs. 42, 4°, 4° and 4° are a series of dia-
grams supplementing Fig. 4, and further
1llustrate functions hereinafter explained in
connection, more especially, with Figs. 3
and 4. :

Fig. 5 illustrates how one detail of the ap—l

paratus may be modified in ways and for
purposes as hereinafter set forth.

Similar reference characters designate, or
indicate like parts or lines, in all the views.

In the arrangements of air-lift apparatus
shown in the drawings, successive uptake
columns are designated, in the order of their
action, by B, B?, and B, respectively; and,
the respective submergence containers there-
for are designated by D* D* and D* This
container, or receptacle, for uptake column
B, may consist, as here illustrated, of a pit,
or well, D', into which the liquid is col-
lected and in which said column B* extends
downwardly in a manner commonly em-
ployed in locating ordinary air-lift in mines;
the height of the submergence is here indi-
cated by the water-surface line 4. For the
uptake columns B3? and B? submergen:e con-
tainers in the form of tubular columns, as
D2 and D?* are deemed to be preferable,
these being suitably positioned and connect-
ed substantially as indicated.

Said uptake column, or pipe, B, is con-
sidered to be the primary uptake column,
since this initially receives all the liquid to
be elevated; and when deemed to be de-
sirable, the liguid may be supplied to this
column, 3% by a tubular form of submer-
genee container, such as D2, which thus be-
comes an equivalent or substitute for this
purpose, of the shaft or well D

In practice, the several tubular columns,
and the accessory devices therefor, may be
supported by any suitable means, such as
foundations and retaining members (not

g

herein. shown), these-being arranged and
connected in accordance with principles and
methods already well-knewn in the art of
pumps and air-lifts; but, to simplify the
illustration of the principal elements and
features, those ordinary means are riot here-
in fully shown.or described. = -

In some instances a “single” arrangement
of the air-lift may be used, this comprising
a “primary” uptake column, as B, and hav-
ing suitable submergence-supplying and air-
supply means therefor. This single air-lift,
when equipped and arranged in accordance
with the present invention, will be provided
at the upper part of its said uptake column,
with an energy-converter, and, preferably,
with a supplemental-head-conserving means,
these two devices being illustrated, each in a
preferred form thereof, in Fig. 4 and Fig.
5, respectively, and hereinafter more fully
exglained.

ienerally, however, in order economically
and practically to meet the more usual pres-
ent-day requirements, it is important, and
often necessary, to employ a plurality of air-
lifts arranged in series, and thereby deliver
the liquid to a considerable elevation. In
Fig. 1, the present improvements are shown
thus applied to a two-stage system in which
the liquid is conducted in a uni-flow stream.
In this arrangement (Fig. 1), the sub-
mergence “column,” or well, D* and connect-
ed uptake column, B!, are comprised in the
first air-lift; and, the tubular submergence
column D? and connected uptake column B2,
are comprised in the second air-lift. These
two air-lifts, each connected and furnished
for co-active and inter-regulative operation,
together constitute one “air-lift pair,” as
hereinafter more fully explained. )

The system illustrated in Fig. 1, is shown
in Fig. 2 extended into a three-stage sys-
tem, this comprising three air-lifts, or air-
lift-members of the series. Each of these
air-lifts comprises an uptake column and a
submergence container therefor; and, all are
connected and furnished for coactive and in-
ter-regulative operation similarly as de-
scribed in connection with Fig. 1. As in
TFig. 1, the column B* is here the “primary”
uptake column of the first airlift-pair, and
the submergence is shown to be obtainable
by extending the column B! downwardly in
the liquid-collecting well D! to a proper dis-
stance below the line 4, which (as in I'ig. 1)
represents a normal water level. - Also, in
IMig. 2. the entire multi-stage system is indi-
cated, by the walls 5 and 5%, as being located
mainly below a ground-surface line ¢ and
in a shaft or chamber analogous to those
common to mines and quarries.

In the present multi-stage system, the en-
tire apparatus may be regarded not merely
as a series of individual air-lifts peculiariy
connected for coactive operation, but also as
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a single “air-lift” in which one stream is
successively actuated, and in which succes-
sive portions of the air-lift structure so con-
trol the operation of successive portions, re-
spectively, of said single stream, that thece
stream-portions become the operating instru-
mentalities and coact with and upon each
other for effecting the inter-regulative con-
trol of all the stream-portions, and thus
of the stream as a whole.

Before proceeding further with detailed
explanations of thé foregoing features and
of their modes of interaction for effecting
the inter-regulative function, some inci-
dental matters should be noted :—

The function of the air bubbles being to
lighten the liquid content of the up-take
column, so that the weight thereof will be
over-balanced by the weight of the submer-
gence head, it is obvious that any available
gases may be used in place of atmospheric
air, and hence it is to be understood that the
term “air” is herein employed as a generic
term for designating the air or other gas
which may be in any given instance avail-
able for use, or be used, in effecting the
necessary reduction in the weight of the
fluid contained within a given length of an
uptake pipe.

The aerated uptake stream on passing
above the upper end of an uptake pipe, is-
sues as “the spouting column,” and the
process of de-aeration is only completed at
the upper end of this column, and within
the energy-converter apparatus, as K.

The term “spouting head” is intended to
refer to the height of liquid contained in
the spouting column, if this liguid should
be considered, or measured, by the reaction
effect or pressure thereof downwardly at
the level of the discharge end of the uptake
pipe. For instance, supposing that the
spouting colmun (see Fig. 4) might have

_an extreme height of seven feet, but contain

50
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such a quantity of air so distributed therein
as to have a pressure effect at said pipe-end
level only equal to a liguid column three feet
in height, then.this “head” of three feet
would be the “spouting head,” and would
represent the pressure effect transmissible
for producing a suppleinental head in the
Tl:ebmerg'ence column of a next following air-
ift.

In the practical operation of an ordinary
airlift series, sometimes the working condi-
tions will be modified in such a manner
or to such an extent as to change the rate
of upflow,—that is, the rate of action, or
discharge,—and thus for a time caure some
one of a series of the airlifts to have an
undue excess of action as compared (at such
a moment) with another of them. These
variations, sometimes, heretofore. have been
regulated by means of mechanically-oper-
able governing devices applied to, the sev-

1,537,364

eral component air-lifts of such a series. In
the present system, however, no such govern-
ing devices are required, owing to the inter-
active control by which the heads and pres-
sures are now made conjointly operative and
inter-regulative, for thereby effecting the
necessary control by an auto-governing ac-
tion which extends to the system as a whole,
and also applies to each of the individual
airlift-members thereof. These results are
now attained, as hereinafter explained, by
means of a combination of coactively-operat-
ing structural features which has the func-
tion of an oscillation governor, said features
being arranged for restricting,—or render-

ing less active than otherwise would be nor-

mal,—such oscillations of pressure and flow-
age as may occur from time to time, in
either one or both of the airlifts of an air-
lift pair, and thereby accelerate the process
of balancing, or re-balancing, an unequal
operation of successive airlifts, (or of an
pair of them), whenever either one of such
a pair may have been materially changed
in its rate of action relative to the other.
The scveral uptake pipes,—these being
uptake-stream containers,—are designated,
(in Figs. 1, 2 and 3), by B!, B* and B?
for indicating the respective positions in the
system of this series of similar members, of
which one may be designated individually
but without choice, as the pipe or column
“B.” TIn like manner the submergence col-
umns may be designated individually but
withont choice, as column “D”; and, the

.members K2, K2, K3, may be so designated

by “K,” and especially in connection with
Tigs. 4 to 49 inclusive. On the same prin-
ciple, any one of the aeration nozzles may
be referred to as nozzle “N,” and any air-
supply pipe therefor, as pipe “¢”; and simi-
larly, any of the columns-connecting "con-
duits, or ports p', p?, p°, may be designated
by “P” whenever this may be sufficient, or
consistent in view of the context; this
method may also be extended to other de-
tails commen to a plurality of the air-lifts
of the system. . )

In Fig. 1, the uptake column, B?, is shown
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provided with a stream-conductor pipe, P*, 116

which constitutes a side-outlet port,—also
designated as a transfer-conduit,—connect-
ed for delivering the main-stream into the
next following submergence column, D2
Similarly, in Figs. 2 and 3, the same col-
umns B and D? are shown connected in the
same manner; and, the uptake column B? is
here shown connected in like manner with
submergence column D? by ‘a pipe, or trans-
fer-conduit, P2, These stream-transferring
conductor-pipes, P! and P2 are also each

shown in a sub-surface position, for thereby .

transferring the uni-flow main-stream for
one to a next following airlift while this
stream is maintained at all points under a
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plus-atmospheric pressure. This plus-pres-
sure, in practice, preferably should be
greater than the pressure-variations liable
to occur within the uptake and submergence
columns by or during the co-active opera-
tion thereof; hence,—as hereinafter ex-
plained, —the  submergence super-head
should be of sufficient height and quantity
for effecting: this result. Above, but adja-
cent to, said stream-transferring conduits
or passageways, P2, P?, said uptake columns

B!, B2, are shown each provided with an.

apparatus having the function of an en-
ergy-converter, as K* and K2, respectively,
each of which forms the upper-end portion
of an uptake column. This device, or con-
verter, has the function of a de-aerator, and
operates to produce the submergence super-
head, as %, a preferred form of the appa-
ratus being hereinafter more fully ex-
plained, particularly in connection  with
Fig. 4.

The uptake columns, B, B2, B?, are shown
in the accompanying drawings as being each
provided at the lower end thereof (see Figs.
1 and 2) with an aeration device, or “noz-
zle”; thus the latter term is here used gen-
erically. These aeration devices, (whether
or not having the usual form of a nozzle),
are symbolically indicated at and by N*, N*
and N3, respectively, and in practice any
of the well-known kinds of stream-aerating
devices, or air-lift nozzles, may be adapted
and employed for the present purposes. The
nozzle at Nt operates to initially aerate the

stream when this is entering column B, and -

the nozzles at N2 and N?® operate to re-aerate
the same stream (subsequent to a de-aera-
tion thereof) at successive points in the uni-
flow course, or path thereof. In Fig. 3,
these several nozzles are presumed to have
effected such aeration (each at its respec-
tive position) at and upwardly from the
lines 7, 72, 'Tb, respectively (Figs. 1 and 2).

For the purpose of supplying the air to
the nozzles, the present air-lift system may

_comprise, as an element thereof, any of the

well-known arrangements of air-supply ap-
paratus such as already employed in ordi-
nary air-lifts. For instance, as indicated
diagrammatically in Fig. 1, the uptake pipe,
or column, may be suitably air-supplied by
means of some ordinary air-compressor, as
(. of suitable location and capacity, and
which may be connected by air-distributing
pipes #L. #2, #*, to the aeration devices or noz-
zles at N1, N2, N3, for the uptake columns
B, B2, B2, respectively. These air-distrib-
uting pipes are shown: supplied, in Fig. 1,
by a main pipe, #; leading from compressor
C; in Figs. 2 and 3, the pipe ¢ is supposed
to come from an air compressor not shown
in these views. For regulating the action
of the several nozzles said air supply pipes
may be each provided (at some, or any, con-

venient point therein) with an ‘ordinary
flow-adjusting valve or regulator, as indi-
cated at V!, V2 (Fig. 1), respectively; also
the compressor, or a pipe as ¢, therefrom,
may have a main-valve, as at V, whereby to
regulate, and to let on or cut off, the whole
air-supply at once. However, in some in-
stances these valves may be omitted (as for
instance in Fig. 2) if the pipes are ample,
the nozzles sufficiently uniform, and each 75
nozzle accurately located at a proper rela-

tive elevation. .

For convenience of description, and to fa-
cilitate clearness of illustration, the several
principal members of the airlift pair have
been shown in Figs. 1,2 and 3, arranged side
by side and at relatively considerable dis-
tances apart, but it should be understood
that in practice, whenever found to be de-
sirable, the several members, and especially
the uptake pipes B!, B2 and the submer-
gence columns therefor, may be placed close
to each other, .r even more widely apart, ac-
cording to the conditions attending any par-
ticular location or the preference of the con-
structor. One effect. evidently, of placing
pipe B! and said column D? close to each
other, is to shorten the distance through
which the counter-flow stream has to travel
in passing from the de-aeration chamber, as
K1, laterally through port P* and into said
column D?; an illustration of one such close
form of assemblage is shown in the small
sectional side view, Fig. 5.

By extending this uni-flow system from a 100
single airlift-pair, as in Fig. 1, to include-
three successive air-lifts, as 1n Fig. 2, a fur-
ther and important improvement is thereby
accomplished, since.~in this more extended
system,—the plurality of three coactively- 108
connected airlifts not only comprises three
“column pairs” (each forming one air-lift),
but also comprises a plurality of airlift
pairs.

Tor instance, in Fig. 2, (also in Fig, 3), 110
the three single airlifts are arranged first,
into two pdirs, and these pairs are’arranged
with one air-lift member common to both
pairs. The primary airlift D, B3, is ar-
ranged and connected for delivering liquid 115
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to a second airlift D2, B?, that in turn, de-

livers the same liquid to a third airlift, D3,
B3, Thus the series of three airlifts is here
shown arranged in two successive pairs, in
which the secondary airlift, as D2, B?, of the 120
first pair is also the primary airlift of the
second pair; all three of these airlifts are
herein indicated as being arranged,—in this
instance—Tfor operation by air of the same
pressure. Also in this triple system, there 125
are two of the energy-converter apparatuses
which are also herein described and desig-
nated as a combined energy-economizer and
oscillation governor. These two appara-
tuses, as K', K2, are shown coactively con- 130
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nected each with other through an interven-
ing uptake column, as B2, (Fig. 2), which is
operated by a submergence, as D2, that is
supplied from said preceding uptake column
Bt and is in part mgu}ated%y means of the
first of said combined apparatuses; this
auto-governing mode of action (heretofore
mentioned) is lereinafter more fully ex-
plained.

In said triple-arrangement of Fig. 2, each
of the uptake columns operates under a dif-
ferent condition from the other two. In the
first airlift, said column B! is supplied from
a normally fixed submergence level, as 42,
and discharges against a spouting-column
head (in column K*) that is subject to a gov-
erning action; in the second airlift, the up-
take column, B2 is supplied from a sub-
mergence column D2, which is subject to a
variable but automatically-regulated pres-
sure or head, and discharges against a spout-
ing-column head, (in de-aerator column K?)
in the same manner as said column B?, just

-described ; and, in the third airlift, the up-

take column, B3, is supplied by and from a
submergence column, D?, arranged and oper-
ating similarly as the column D? just de-
scribed.

Thus the said series of airlifts, while each
have distinctly different operating relations
from the others, are interactive and adjunc-
tive each with the other two, and therefore
are subject, individually and as a system or
series, to the aforesaid auto-governing ac-
tion. Each said airlift of the system, thus
may be said to have an individual and pri-
mary mode of action normal to its own fea-
tures and proportions; next, the successive
airlift pairs have each a mode and ratio of
action, or operation, which may be caid to
comprise those individual actions plus a va-
riation arising from their interconnection,
whereby a change of operating condition ob-
taining in one member of said pair, acts
from time to time, to accelerate or retard the
action or ratio of operation of the other said
member of the pair. This complexity of the
relations and functions, is further increased
in the present series-system, by the inclusion
therein of a plurality of the sensitive and
quick-action apparatuses K, each operating
as a “combined energy-economizer and os-
cillation-governor.”

In the three-stage system shown in Fig. 2
(also in Fig. 3), the second air-lift of the
series may be said to be, and is herein re-
garded as being, one form of a stream-im-
pelling connector for receiving the uni-flow
stream from the first air-lift and transmit-
ting this stream (as an unbroken main-
stream) to. the terminal air-lift (here the
third one) of the system. Said intermediate
stream-impeller is also here shown fitted and
proportioned for operation as a second air-
lift of the system, and for being operated by
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the same air-supply pressure and submer-
gence-cffect as employed in the first air-lift
column, B!, and-in the third air-lift column,
B3, of the system.

However, this three-stage system may be
arranged in some instances for using such
an air-lift form of intermediate impeller
when this is proportioned for elevating the
stream through a different proportional dis-
tance, or height. This arrangement of the
system to use unequal lifts for successive and
coactive airlift-members, will be obvious
without being herein specially illustrated,
and it may be so used advantageously in
various locations. In such an instance, it is
necessary, of course, that the successive up-
take columns, respectively, shall each be
provided (or connected) with means for
suitably regulating the pressure and volume
of the supply of air thereto; for this purpose
an ordinary arrangement of compressor,

‘pipes and valves, (such for instance, as

herein described in connection with Fig. 1),
will usually be ample for such requirements.

When the liquid-aerating air-jets are
forced through an ordinary perforated
nozzle, (symbolically indicated at N*) under
a pressure somewhat in excess of the pres-
sure normally or actually necessary to effect
the required proportionate aeration, these
jets frequently operate in practice, after the
manner of injectors and thereby impart
power, or “energy”, to the up-flowing stream
and thus produce an upward movement or
velocity of the stream in addition to the
rate of up-flow due to the aeration itself.
While this injector-effect or jet-action may,
usually, be the cause of loss of power under
the former practice. this action normally has
a useful effect in the present system, since,
by its increase of the range of normal action,
it thereby lessens the danger of having an
air-lift ~cease operating, or becoming
“stalled”,—because of a temporary and
small deficiency in the degree of said aera-
tion. This useful effect may now be advan-
tageously and fully realized owing to the
effective manner in which the energy of the
spouting column,—including said injector-
effect or energy,—is converted into pressure
in the energy-converter member, as K*, or
K2, of an uptake column, as B or B®. For
this purpose said converter member should
have the laterally-enclosed de-aeration col-
umn or chamber thereof, of a sufficient
height, and otherwise be proportioned and
have a capacity, ample for treating the
normal spouting column when this is moved
up in said member, as K*, by a distance. or
extra head, corresponding to said injector-
effect. Thus it now becomes practicable to
use an exeess of injector-force, with an
ample aeration, and also to use a_full mea-
sure of submergence, thereby insuring a more
advantageous operation as a. whole, since
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all the excess and residual energies so trans,-
mitted can now be effectively converted into
a pressure which acts to raise the submner-
gence superhead to a height compensating
for these, otherwise, cumulative losses.

In this connection it will be remembered
that in ordinary airlifts having a single-lift
uptake pipe, when the aerated liquid emerges
from the discharge-end of this pipe, the air
content thereof expands instantly while the
liquid content flows out, usually in a spurt-
Thus the de-aeration is there
effected in a relatively violent manner, and
whatever kinetic energy is contained in the
out-pouring liquid of the “spouting column”
is lost, only the liquid itself being saved.
Contrary to that method and practice, in my
present improvements the aerated liquid of
the upflowing stream is closely retained in a
columnar form or status until the upflow
movement ceases and the de-aeration is com-
pleted, and at this time only the separated
air is discharged at the top. while all the
liquid is returned downwardly for a dis-
tance, and then is disposed of by and in a
flowing stream and without any spurting or
overflowing action, and lence with no loss
of energy consequent thereto.

Thus, by means of my present improve-
ments, the total efficiency may be increased
by operating the primary airlift in a man-
ner which otherwise would result in a loss.
To thus increase the efficiency of the oper-
ation in the uptake pipe B, necessarily
(under the practice hitherto) increases the
loss due to the discharge of an unduly large
quantity of energy in the spouting column.
But, by the conversion of the spouting-
column energy into a coacting pressure, that
loss is retrieved, and is then made available
and effective for increasing the otherwise

net efficiency of the airlift pair, and of the

multi-stage system, considered as a whole.

From the foregoing description as illus-
trated, it will now be seen that in an inter-
connected series of three airlifts, (as in
Figs. 2 and 3) each of the uptake columns
has a different operative relation in and to
the system. The first said column, B!, ini-
tially receives the liquid, and hence may
take up more or less in quantity, in a given
mit of time. according to variations in the
operation conditions; the third said column,
B3%, receives only the discharge from the sec-
ond airlift, and discharges that quantity
not to be used again in the system; and, the

second said column, B?, operates only as one

member of an airlift-transmitter interme-
diate to the first airlift and said third one,
thus receiving whatever quantity is supplied
to it, and delivering only this same quantity
to said third airlift.

However, owing to the herein described
interactive method of regulation, the first
airlift cannot continuously over-supply the

7

second airlift, since at the beginning of such
an action, the immediate effect thereof is to
chieck the rate of action of the first airlift
and thereby prevent a continuance of such
an over-supply; this result, however, may
be modified to some extent, and within the
range of normal working conditions, by
some degree of increase, for a brief period,
in the rate of action of the second airlift.
On the same principle, but in a modified
manner, the third airlift normally operates
to check the rate of action of the second
airlift, (but in some cases to permit accel-
eration thereot), should the latter tend to
strongly over-supply the third air-lift.

Thus the second airlift may be restricted
or regulate the rate of action of the first one.
Also the first one may be restricted in action,
or released to act more freely, but the action
of the second airlift after this second
action has been modified by the third air-
lift; in the latter case, said restriction or
modification of the action of the first airlift
results from a conjoint action of an airlift-
pair which comprises said second and third
airlifts of the system.

In Fig. 3, the third uptake column, B?, is
shown elevated (above its otherwise normal
position) to a position for securing the gain

equal to the sum of the two supplemental

submergence-heads A! and 42 of the two sub-
mergence columns D! and D?, respectively,
these gains being obtained from the conver-
sion,—as already explained,—of the kinetic
energy in the spouting-columns. Thus, said
energy transferred to submergence column
D? permits column B* to be placed higher
(than otherwise normal) by the pressure-
head height %'; and, similarly, column B2
may be placed higher, by the amount of
head, or height A2

In this connection it will be remembered
that in an air-lift uptake-pipe, the up-flow-
ing stream comprises two elements or cur-
rents, one being a liquid stream-component
and this being aerated by the stream of air.
This air, however, is normally in a com-
minuted form, or in “bubbles”, which not
only move upwardly with the liquid stream
but also have a further upward or “floata-
tion” movement in (and relatively to) the
liquid, and commonly designated as “slip-
page”’. In practice, the rate,—or velocity
thereof relatively to the liquid—of this
“slippage” of the air bubbles necessarily
varies, and may arise from various causes;
also the rate and extent of their coalescence
similarly varies. Also, these variations may
occur from time to time, (from moment to
moment), not only in the rate of slippage,
but also of the proportionate volumes of air
and liquid contained within or delivered by
an.uptake pipe, and thereby produce varia-
tions in the rate of stream-flowage, and in
pressures (at some points or heights within
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the columns), which are in the nature of
fluctuations, or, as herein considered, “oscil-
lations”, either incipient, initial or resultant
in character. These phenomena also have to
be considered in connection with the nor-
mally rapid acceleration of the aerated
stream during the ascent thereof within the
uptake-pipe, and in accordance with a well-
known principle. ~

Thus it appears that the formation of a
spouting column of aerated liquid, takes

‘place in connection with a peculiar changing

condition of the mixture of air and liquid
during the upflow thereof within the uptake
pipe. Owing to said “slippage” of the air
bubbles in the liquid, and the normal and
well-known tendency of a stream to flow
faster in the central portion as compared
with the velocity thereof in the outer or
peripheral portion, there is normally a con-
stant coalescence of the bubbles by the com-
bining together of several into one, thereby
increasing their size and consequent rate of
slippage, in accordance with a well-known
principle. Then, too, such a large bubble,—
since its slippage increases rapidly with its
enlargement,—overtakes and gathers into
itself more and more of the smaller bubbles,
so that in long uptake pipes these losses may
(and often do) represent a large waste, in
the aggregate, of power and efficiency. A
further result of that action is normally to
segregate the air more rapidly,—and with a
centralizing flow thereof,—near the upper
end of the uptake pipe, so that the upflow-
ing column when nearing the discharge end
of said pipe may have an outer portion, or
peripheral zone (as it would be seen in a
cross-sectional view of this pipe) composed
of liquid nearly or fully de-aerated; this
outer portion, evidently, will tend rapidly to
form and thicken around the highly aerated
central portion, so that on emerging from
said pipe discharge-end only a moderate
proportion of the total quantity of liquid
may be projected up, as a spouting column,
into the converter chamber of the appara-
tus K. A

Having in mind Fig. 3 and the foregoing
explanations, it will now be seen that on
entering the open lower end of uptake B?,
the liquid stream is aerated in'the usual
manner by air under a suitable pressure and
supplied through an aeration device, as N,
(at level 4*), and that being thus aerated
the stream is pushed up by submergence-
effect (approximately indicated by D') to-
ward the upper discharge-end of said pipe,
at line 8, (Fig. 4). During the upflowing
movement of said stream, the air-bubbles
rapidly expand, and the velocity of up-flow
correspondingly increases upwardly from
said point of aeration, while the pressure
proportionally decreases; also, the co-
alescence accelerates on nearing the said
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upper pipe-end, while a substantial, or rela-
tive, de-aerating action normally proceeds
in a peripheral portion, or zone, of the pipe,
and thus tends to rapidly form, or develop,
a stream-segregating action, so that on
reaching said discharge-end of pipe B, the
main-stream may be regarded as comprising
a peripheral de-aerated stream (or one of
low aeration), which surrounds a central
stream in which an excess of aeration has a
high flotation velocity and is concentrating
with an accelerating coalescence. Thus, on
passing said line 8%, the said peripheral
stream,—this being "here practically de-
aerated and of a uni-flow character,—
readily passes outwardly over the pipe-end
(at arrows 7%, Fig. 4) and thence, (as a
branch-portion of the main-stream) flows
directly to the transfer conduit, P*. Simul-
taneously with that action, the now highly
aerated central stream flows upwardly (as
another branch of the main-stream) in the
form of a spouting column which enters
with a high velocity the top-vented column
of said apparatus K*, and therein becomes
fully de-aerated, while the liquid thereof is
forced outwardly to the enclosing wall, and
there is formed into a down-flow stream
which on or before redching said trans-
fer-conduit re-unites with. said peripheral
stream thereby forming a restored and de-
aerated main-stream which flows through
said transfer-conduit for supplying the next
following submergence-column, as D2,

Thus, it will now be obvious that in the
apparatuses K, the de-aeration up-flow and
down-flow stream (the latter being the
% counter-flow” one) may be properly re-
garded as a branch-stream which comprises
only a portion of the main-stream of liquid
issuing out from the said upper pipe-end of
column B, and of which a main,—or
primary,—portion which is substantially un-
aerated flows directly from said pipe-end,
and thence passes forward to the conduit
port P, and thence into the mnext sub-
mergence column as a_continuous uni-flow
current. The liquid of said branch-stream
is also a stream of a uni-flow character,
since this liquid is only diverted temporarily
from the main stream-path, (and then only
for being segregated from air temporarily
associated therewith) and is at no time re-
leased from its energy-converting control,
but is immediately (and in a continuing
manner) re-united with the said main or
primary stream-portion, and is then incor-
porated therewith into said next following
liquid submergence-column.

In the upflowing fluid column within pipe
B, there is normally a continuous accelera-
tion of the whole stream or fluid column up
to line 8% (see Fig. 4). In this column
below line 8%, the air-content of the stream
accelerates more rapidly than the stream as
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a whole, owing to the described “slippage”
of the air bubbles in the liquid. - Accord-
ingly, it may be said that up to said line,
or level 82, there is a constant acceleration
of the liquid-content, and a greater ratio of
acceleration of the air-content of the stream.
This relation, however, of the said two
velocities or accelerations, is changed when
said aerated stream passes above said level
§2; from this point the ascent of the air-
content continues to accelerate while also
undergoing an increasing rate of segrega-
tive action, whereas during this same period
the upward movement of said liquid-con-

5 tent constantly decreases, until it finally

ceases in connection with the formation of
th’s liquid into a counterflow stream.

In the operation of this apparatus (see
Fig. 4) functioning as an “energy-con-
verter”, or as a “kinetic-energy ccono-
mizer”, the tubular member K, first re-
ceives (directly from pipe B), the described
excess aerated central stream in the form of
w spouting column, together with all (or
neariy all) the energy therein, reduces in
succession the liquid 1ncrements thereof to
a state of rest, and then progressively in-
corporates them into a counter-flow stream,
and later delivers this (in some or a suffi-
cient part) through said transfer-conduit,
P, to supply, (or re-supply, as the case may
be), said pressure-head in submergence
column D. Thus, it may be said that the
energy discharged out of an uptake pipe, B,
with the contents of a spouting column, is
economized, (instead of being dissipated or
wasted, by being applied to the useful pur-
pose of increasing the pressure-head of the
submergence for the next following airlift.
This direction of the action, however, is
considered as being reversed as regards the
same member K of the airlift-pair member,
when a particular governing action, or im-
pulse, is iniftiated from or by a next follow-
ing uptake column, as B2, in Fig. 8. These
functions, and the results thereof as re-
gards the governing eflects, will now be
described more in detail, as follows:—

Referring to Fig. 4, this enlarged and
sectional view illustrates in a diagrammatic
manner a preferred arrangement of. the ap-
paratus K, and the principle and mode of
action thereof, as the same are now under-
stood. The uptake pipe, or column, B, has
the discharge-end thereof terminating on
the line 8% This pipe-end 8 constitutes
one channel comprised in that portion, or
structure, which is herein sometimes desig-
nated as the “three-channel-junction”, and
of which the aforesaid conduit or port, P,
constitutes a second channel, and of which
the lower portion. I, of the de-aeration
chamber, constitutes the third channel.
These three channels. 82, P and F. are pref-
erably connected by, or may comprise. 2

o

chamber, F2, surrounding the pipe-end 8*
and proportioned for certain ccactive func-
tions as hereinafter explained.

Within the opposite side-lines, 3%, 3 of
the tubular wall of member K, the two
curved lines, b2, b3, are drawn for indicating
a central zone Z' and a peripheral zone Z°.
Said lines % b® are also shown extending
well dewn into the pipe B, for there indi-
cating a downward extension of said zone
71, within a surrounding zone, Z?, that is
wholly within uptake pipe B; in this zone,
72, the tubular or peripheral, and substan-
tially de-aerated, upflowing stream of liquid
(already described) is represented by arrow-
lines 72, 72. This stream, 72, on reaching
the aforesaid level 8 normally flows out-
wardly and then downwardly, over and
around the pipe-end 82, (as clearly indicated
by the curved arrows at 7%, #2), and thence
flows through chamber F?, and conduit P,
into the submergence column D, as also in-
dicated (in a customary manner) by suc-
cessive curved arrows. Said peripheral
stream, 72, being thus diverted directly into
the main flowage path of the uni-flow main-
stream, the described central,—and now ex-

‘cess-aerated stream,—here indicated by the

single line of arrows, r*,—is free to shoot
upwardly through said out-turning portion,
73, of said peripheral stream and then spread
out as indicated by the outwardly-curved
portions of said lines 3%, 5%, (between the
horizontal lines 8 and 8%), and thus pass
upward into the columnar de-aeration
space F3,

On thus issuing from pipe B, said highly
aerated central column, or stream, now
shoots npward as a “spouting column”, and
with a velocity, and to a height, due to the
kinetic energy therein; and, during this up-
ward movement, the air-content rapidly ex-
pands and segregates, while the liquid-con-
tent is correspondingly de-aerated. These
operations tend to disperse said liquid out-
wardly,—about as indicated by a series of
arrows from 7° to 7%—and thereby form
of this liquid a peripheral down-flow stream
indicated by the line of arrows #7, r*: these
arrow lines also indicate how the said . quid-
content of the spouting column, after de-
aeration thereof, is formed into a peripheral
and counter-flow stream which passes down-
ward within the walls 3%, 3° and into the
space F2, and thefe re-unites with said pe-
ripheral stream, 72, from the pipe zone Z2,
and from thence passes through condnit P
into the submergence column D. While the
spouting-column is thus flowing upward, it
is continually and progressively de-aerating.

These processes being continuous (during
operation of the airlift) there seems first to
be formed a de-aerated film or sheet of
liguid (on or near the inner surface of the
tube) which flows down, {as indicated by
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said arrow lines 77, 7#) with a gradually in-
creasing thickness until it enters the pas-
sageway space at level 8 in the form of a
counter-flow stream. At this time and posi-
tion, therefore, the quantity of such down-
flowing de-aerated liquid corresponds with
the quantity of spouting-column liquid flow-
ing upwardly (at level 82) from within the
discharge end, 22, of pipe B. Thus one result
of the apparatus in operation, is to form
the counter-flow and pressure-head stream
equal in volume per second (or unit of time)
with fhe stream of liquid in the spouting
column at the base thereof, this base being
at level 8%; also, to effect the de-aeration
and energy-conversion simultaneously.

It will now be evident that the primary
airlift of an air-lift pair, comprises means
for laterally enclosing the uptake stream,
or column of aerated liquid (when this air-
lift is operated with a submergence normal
thereto) throughout the entire height of
this stream or column, this height including
an upper-end portion or zone which begins
at the upper end of said uptake pipe, B, and
extends up to the point where de-aeration
is accomplished and upward movement of
the liquid-ceases. In this zone, the liquid
gradually separates from the air, and is
laterally transferred and formed into a new
and different stream which consists of liquid
flowing downwardly by the force of gravity,
and thus constitutes a counter-flow stream.
And this counter-flow stream after passing

5 down to a position where the liquid thereof

is substantially free from contact with, or
the effects of the up-spouting stream (from
pipe B), may then be said to pass through
the port P and enter the submergence
column, D, as a resisted sub-surface current,
since this stream enters below the upper
surface of the liquid submergence column,
and is thus resisted by a force resulting
from the head of such ecolumn, this head be-
ing normally of a height between-lines 8®
and 8¢, Fig. 4.

Thus, in the manner described in connec-
tion with Fig. 4, the kinetic-energy, or “ vis
viva,” of the spouting-column becomes con-
verted into a pressure which reacts down-
wardly for transmission by way of a fluid
connection below said level 82, and to a next
following airlift. This reaction-pressure,—
which may also be designated as the conver-
sion-pressure,~is thus transmitted as an in-
crement of head, which is so. applied, and
this in such a direction, as to augment the
normal head of the submergence column of
another airlift-member of the system.

The height to which, in practice, said
spouting column will ascend within the de-
aeration tube (or tubular chamber) as K,
Fig. 4, will be through such a distance (dis-
regarding friction) as will absorb, or repre-
sent, the amount of kinetic energy possessed
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by, or residing in, the aerated fluid at the
time this passes above the said level 8=
Thus said energy, or “vis viva,” becomes
converted, and utilized in the production of
a pressure which closely corresponds with
the downwardly acting force or weight, of
the spouting column, this force constituting
a reaction-pressure as already explained.

Because of this effective utilization of
said kinetic energy, it now becomes economi-
cal to provide, (in said primary airlift of
the pair) for the use therein of such a vol-
ume of air in proportion to the volume of
liquid taken in at the inlet N* (Fig. 8), and
for supplying this air at such a pressure as
will produce a relatively rapid upflow in
the uptake pipe B, and thus (according to
a well-known principle) minimize the loss
of power resulting from the upward flota-
tion, or “slippage,” of the air in the liquid
during the passage thereof upwardly from
said nozzle or jet N, to the discharge level
at.8%, while correspondingly increasing the
quantity of said energy as discharged in
and with the spouting column. -

The total “head,” which, in the primary
uptake column, is functionally effective (for
determining the height of the submergence
in the secondary airlift) includes the entire
height of fluid, from the lower end at the
intake level at 7 (Iig. 3), up to the top of
the spouting column. Thus the weight or
pressure which as a resistance has to be over-
come by the submergence of the primary
airlift, consists of the fluid in pipe B plus
the additional weight of fluid in the spout-
ing column within the de-aeration tube, K.
In this total uptake head, the fluid, after
being elevated by the combined action of
aeration and the submergence, is not dis-
charged from the upper end of said uplift
distance, but is drawn off at a point (at a
“sub-surface ” position) intermediate to the
submergence level and the top level of the
uptake column. And. in connection with a
final de-aeration of the liquid, the air and
the liquid,—instead of being discharged to-
gether in the ordinary way,—are now dis-
charged separately, the air being released
free from pressure (except the atmospheric
pressure) and the liquid being drawn off
de-aerated and under a substantial amount
of pressure in excess of atmospheric pres-
sure.

For more fully explaining the complex
relations, and the methods of coaction, of
the energy-converters, K, and for further
illustrating the principles and the govern-
ing function thereof, reference is made to
the series of diagram, and small-scale,
views, Figs. 4* to 44, inclusive, supplemental
to Fig. 4. In each of these supplemental
views, the said apparatus is assumed to have
the same detail construction and arrange-
ment as already described in connection
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with Fig. 4, so that the several structural
details thercof (so far as here shown) may
be recognized without being here all desiy-
nated by reference churacters, mor again
particularly described.

In Fig. 42, it is assumed that the appara-
tus is operating in a uniform or “ balanced ”
manner; that is, the discharge of liquid up-
wardly from pipe BB (arrow ) corresponds
in volume with the down-flow of liquid in
sibmergence-columm D (arrows ) at a
point below the level of the transfer-pipe,
or condnit, P. Under this condition, the
stream-flow from member K intc column
D, may be represented by arrows 72, 7, of
which the latter, 7, turns down into col-
umn D for thereby indicating the course of
said flowage.

It is also assumed, in Fig. 4%, that the
spouting-column-head extends up to line
8 (this line representing atmospheric pres-
sure), and the super-head resulting there-
from is also here shown positioned above
the path of main-stream flowage, and as ex-
tending in column D, up to the same line,
80 this super-head, S, is also_indicated by
shading just below, and extends up to, said
line 8°, and is now normally stationary. If,
now, the submergence height in column D,
normal to uptake pipe B,—when this dis-
charges at line 8*,—be considered as coming
up to said line 82, then it is seen that the
weight of super-head S* is supported above
and pressing upon down-flowing stream S,
in a manner clearly indicated by the oppos-
ing arrows 7'® and ¢, which indicates, re-
spectively, the upward resistance (arrow
#5), and the downward pressure, or weight,
(arrow 42%), of -super-head S'. Thus, in
Fig. 42, the stream flowing through conduit
P enters column D under a super-atmos-
pheric pressure equal to atmospheric pres-
sure plus a pressure represented by the
height of super-head S?, measured upwardly
from said conduit P. '

In Fig. 4°, the operations in member K,
and the supplying therefrom of liquid to
column D, are assumed to be the same as
above described in connection with Iig. 42,
excepting that the down-flow of the liquid
submergence-column S has been accelerated
to the extent .of taking the same quantity
through, conduit P and also drawing down
some liquid from the super-head.—here
designated by S%—until this super-head has
heen lowered from said line 8> down to the
level 8% this head-lowering movement is
Lere indicated by arrow 7. An immediate
and normal effect of thus lowering said
super-head is to veduce the pressure-resist-
ance to the described stream-flow throngh
condnit P: and, if this reduction shonld be
contiuuned for more than a relatively momen-
tary period, the sponting-head height, in
converter K, would be lowered by an in-

iy

creasing rate of the flowage therefrom and
into said conduit P; this action, however.
woull tend to relieve the resistance to the
strecam up-flowing from pipe B, whereupon

this stream normally would increase (es- 7

pecially by a quickly following espansion
of the air-content thereof), and thus supply
more liquid through conduit I, thereby
tending to produce a reactionary movement

for restoring the depleted super-head S5 7

Thns Fig. 4" illustrates, by comparison with
Fig. 4% one of the more direct and con-
stantly occurring of the inter-regulative
functions. Such an initial lowering (or

raising) of the surface level of the submer- -

gence super-head as above described. may
readily occur in practice from various
causes; as, for instance, from a stopping up
of one or more holes in the lignid-aeration

means. or as a result of some abnormal but

temporary action in one of the airlift-mem-
bers of a series of them. One such cause,
usnally quite temporary. may be an unusual
degree of coalescence and the excessive rate
of slippage consequent thereto.

In Fig. 4°, said reactionary movement,—
for restoring super-head S2—is represented
as having taken place. Assuming that the
spouting-column (arrow r*) has a pressure-
head extending up to line 8°, that, at the be-
ginning. the super-head corresponds with
Sz, Fig. 4%, and that the down-flow velocity
of the stream (arrow 7'¢) in colimn D has
been somewhat reduced, then the flow
through conduit P naturally divides, the
main portion.—as before,—flowing down
(arrow 7'*) into column D, while a smaller
portion flows upwardly (arrow 7'%) to re-
snpply the submerzence super-head. here
designated by 8% TIn this manner, the low-

_ered head, 82, of Fig. 4%, is gradually (usu-

ally rapidly) raised from said line 8’ up
to line 8b--as in Fig. 4*—and, under the
action of the forces and inertias then apper-
taining to the apparatus and the streams
therein. the level of this super-head, $°, will
normally be carried up to a hicher level.
here indicated by line 8”. At this height.
877 the added weight tends to again accel-
erate the down-flow velocity of the sub-
mergence stream (arrow %), and thereby
again draw down the super-head level to-
ward line 8, thereby restoring the status
represented in Fig. 4%, and already de-
scribed. Thus the described range of suc-
cessive heads, from line 8 to line 8°”/, may
he said to constitnte an “oscillation” in the
operation of the apparatus comprising the
eneray-converter. K. and the upper portions
of the columns B and D directly associated
therewith. including the upper-end portion
of ‘column D which is the super-head con-
tainer.

Tn practice, of course. the vertical extent
of said oscillations necessarily fluctuates,
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and these oscillations also occur with a vari-
able frequency, depending largely upon the
coaction therewith of operations simultane-
ously occurring in more remote portions of
the system. Also, it will now be evident, the
rate or rapidity of said action or movement
for the restoration in height of a lowered
supplemental head, as S?, depends in part
upon the relative cross-sectional area of
column D, so that by making this member
somewhat larger than tube B, said rate of
head-restoring action may be regulated,
(within such limits as may be found desir-
able, in any particular instance), for in-

3 augurating an acceleration of upflow in pipe

B (by decreasing the column-head-pressure
resistance thereto) at a moment,—or in-
stant,—slightly before said process of head-
restoration can normally be completed.
This over-lapping of the said two functional
and successive but distinct operatioms, is
deemed to be desirable as tending to restrain
a too great, or a too rapid, lowering of the
effective head of the spouting column while
assisting this column by a raising thereof,
(by a transference of liquid and pressure),
and thus continue to completion the raising
of said lowered submergence head up to the
full normal height thereof.

Thus the apparatus when organized and
aranged as set forth, provides for a highly
sensitive mode of interaction which operates
as a quick-acting governor, and thereby
provides for limiting the oscillations of flow-
age, and of heads and pressures, in a most
effective manner. And the apparatus may
be said to be also organized for regulating
an intervening governing action by means
of a supplemental-head chamber connected
for direct coaction with the spouting-head
during a time-interval following a change
of flow in one uptake column, and prior to
a resultant but in point of time, later and
responsive uptake flow in the other said
column, for thereby reestablishing without
violent agitation, a balance of and between
the operations therein.

Thus, in the time between an initial ac-
celeration of upflow in column D, and a cor-
responding or ultimately-resulting increase
of upflow velocity in pipe B, there has been
an intervening governing-action consisting
in the instant lowering of said head S, fol-
lowed at once by a partial restoration
thereof. Thus said initial lowering of head
S, and the inaugurating of the restorative
operation therefor, may be said to be pre-
liminary to, and in point of time to func-
tionally precede, the beginning of the ac-
celeration of flow in pipe B for producing
a newly determined balance as between the
flowage in columns B and D.

A further feature of this series-system re-
lates to means,—appurtenant to the primary
airlift and the sugmergence container, or
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column, of a secondary airlift,—propor-
tioned for receiving and de-aerating the
aerated liquid of said spouting column and
for then distributing this liquid, each of
these operations being continuous during
the operation of the airlift pair. Said dis-
tribution is effected in a peculiar manner,
being delivered (from time to time as re-
quired) in variable relative quantities, or
proportions,—according to inequalities in
the operation of the two airlifts,—in part
to the upper end of said main submergence
head (this end being at line 5, Fig. 4), and
in part to the lower end, (at line 52, Fig. 4°),
of the supplemental submergence head, (as
S, Fig. 4*) which extends upwardly from
said main submergence head.

This interactive operation of two said air-
lifts under said variable distribution of
liquid from the spouting-column, operates
in connection with the described oscillaticn
of flowage and pressure naturally occurring
in the uptake pipes and conduits, as a factor
in that joint operation of the airlift pair
whereby a non-normal operation whether
arising in one or the other of the two air-
lifts, 1s transmitted and counteracted or bal-
anced, for thereby and at once re-stabilizing
a normal operation of the system following
the occurrence therein of many material in-
equalities in the operation of the two air-
lifts.

An important feature and advantage of,—
and one which further distinguishes,—this
uni-flow multi-stage system, consists in its
capacity, on being subjected to certain ir-
regularities as regards the air-supply and
other conditions, for operating temporarily
in a reverse-to-normal manner, and for then
automatically starting, or resuming (as the
case may be) its normal and forwardly-
acting mode of operation. For instance, in
practice,—especially in certain mining re-
gions having workings difficult of access,—
1t has now %ecome commercially important
sometimes to supply the air through very
extended pipe-lines from compressors lo-
cated in valleys far below and where water-
power is available for use in compressing
the air by steam-power.

In such pipe-lines, however,—even when
these lines are quite moderate in length,—
water is liable to collect at one or more
points therein,—from condensation or other-
wise,~and be carried forward in a violent
and oscillating manner with the result of
making the air-supply and its pressure fluc-
tuate extremely at the nozzles of the air-lift
system. Some water, in such an instance,
may be carried forward to one nozzle and
for the moment completely block the opera-
tion thereof, while, at the same moment, air
may be forced through one or more other
nozzles under an excess pressure, and thereby
force air backwardly (through a lower col-
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umns-connection) and thence upwardly into
a submergence column. ,

This reverse-to-normal and temporary
mode of operaticn, is briefly illustrated,—
but only in a diagrammatic manner,—in
Fig. 4% In this view, the liquid stream in
column D is indicated (arrow 7'°) as having
been reversed, and as having been driven up
(arrow #?°) to form a highly elevated pres-
sure-head, S*, which serves to temporarily
store up a considerable quantity of liquid,
while applying a heavy resistant pressure at
the level of conduit P. When said head S*
has been raised high enough to fully resist

5 the normal flow (arrow »'2, Fig. 4*) from the

member K, then a portion of the liquid flow-
ing up in column D (at arrow %), will
naturally be diverted (arrow »2'), and pass
through conduit P, flow (arrows r°?) up into
the de-aerating chamber of ~onverter K, and
thereby reach a point so far above line 8P,
as to press back (see arrow 7?*) the normally
rising stream (arrow 7) in uptake pipe, B,
and thus for a time stop the operation of
this pipe as a liquid-supplying means,—
this being here indicated by the opposing
heads of arrows 7 and 2%, within said pipe
B. On this status of the flowages being con-
tinued for a time, the normal up-flow in pipe
B may be changed to a down-flow, and
thereby deliver liquid (supplied upwardly
through column D) into the submergence
column of pipe B. Thus, said back-flow, if
sufficiently continued or extensive, tends to

5 conserve the contents so displaced, by shift-

ing the same backwardly in the system, stage
by stage, as far as may be required for the
storing thereof, and thereby avoids a reduc-
tion o% the liquid conteut of the system as a
whole. ,

When there occurs a sudden back-flow of
excess-pressure air, (as elsewhere herein ex-
plained) this back-flow normally operates
to over-aerate the lower-end portion, and
thereby raise the whole quantity of the
liquid of said submergence column, but only
to a bheight much less than the same quan-
tity of air would normally raise the hquid
in an uptake column, since the cross-sec-
tional area of the submergence column (as
herein illustrated) is made considerably
greater than the cross-sectional area of the
uptake column. This feature, and relation-
ship, is deemed to be particularly impor-
tant, since it favors a backward flow of
liquid: through successive air-lift system-
members, and thereby.——through the main-
tenance of ‘a full supply for these mem-
them for automatically
starting to act in a forward direction at
once on the air-supply subsiding to a nor-
mal pressure extending equally to all the
aeration devices of the series.

Thus the present system under normal
conditions operates to forwardly actuate

18

the stream by the wnni-low method, and
under the described occasional and abnor-
mal conditions, operates backwardly in a
manner which, besides conserving the liquid
contents, by a storing thereof, enables the
system to immediately resume its normal
operation on & restoration of a normal air-
supply. Thus it may be said that the sev-
eral air-lift system-members are not only
inter-regulative as regards their forwardly-
acting functions, but also are inter-acting
and inter-regulative as regards and during
a temporary reversal of their normal mode
of action, for thereby making the system
self-starting and self-regulating under a
wide range and variety of opposing condi-
tions which otherwise would normally halt
or defeat the operation thereof.

An analogous situation as may arise from
the described use of said pipe-line air-sup-
ply, may also arise in some instances from
other causes, as for instance, when the com-
pressors are located near the air-lift sys-
tem, and especially when, in this arrange-
ment, the compressor is actuated electri-
cally by conductors bringing the electric
current from distant power plants. In the
latter case, as is well-known, the power lines
are subject to surging effects, thereby vary-
ing the action of the motors and compres-
sor; and this, in turn, may suddenly and
materially (even if only temporarily)
change the effective relation of air-supply
to the normal requirements of the air-lift-
system. Such variations may frequently be
sufficient, in practice, to disarrange the op-
eration of a multi-stage air-lift, unless over-
come instantly by counter-acting forces;
this is accomplished in the present system
by the described capacity thereof for a re-
verse-to-normal mode of action, and for the
automatic resuming of a normal forwardly-
acting mode of action, and by having tﬁ,e
described inter-regulative function effective
under each of these relatively reverse modes
of action.. _

In this connection, it should aiso be
pointed out, that the continuity of opera-
tion may be disturbed, or in some instances

suspended, as the result of _accidental
causes, especially in mines and quarries,
and in certain industrial plants. For in-

stance, the water-supply may be changed in
character, or in specific gravity, by the in-
corperation therein of dust or silt, or it may
become impregnated with gas, or gas-form-
ing .materials, in one (or a few) of the
submergence-columns; -this latter accident
might so reduce the submergence-effect at
one or more points,.as to prevent the coact-
ing aeration from producing a forward
flowage of the liquid in the system. Also,

especially in certain “wet” mines, one of the
p y 3

columns may be suddenly flooded from
above, thereby over-charging a submergence
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column, or an energy-converter, or both, to
the extent of halting the operation of the
entire apparatus. In these and other ways,
either a “single” air-lift or a series system,
5 may be stopped; but in the present system,
this has the unusual capacity, as already
explained, of normally being self-righting,
and self-restarting upon the subsidence or
removal of such an interrupting cause, and
10 of thiis resuming operation in a normal and
self-continuing manner. :
A further feature of improvement in the
airlift pair, and in the operation thereof, is
more clearly indicated in Fig. 3, this view
15 being analogous (in the main) to Fig. 2.
Assuming the apparatus to be operating
regularly, and with the supplemental sub-
mergence head maintained at rest,—as de-
scribed in connection with Fig. 4*—then, it
20 is evident the upflow stream into secondary
uptake pipe B? must be just equal in quan-
tity per unit of time, to the flow through
‘port P? into the main submergence con-
. tainer, or column D2 If, now, the rate of
26 flowage of said stream into pipe B2, should
be accelerated as a result of a change of
action in pipe B?—as may readily and
often occur for reasons already stated,—
this instant increase would naturally have
30 the effect (at least momentarily) of reduc-
ing the effective pressure in the entire length
of such stream, and would thus instantly
decrease the opposition of this stream and
its pressure to a more rapid inflow through
85 said port P2. Thus an increase of flowage

velocity in one pipe instantly and normally

decreases the resistance to the stream flow-
ing thereinto; and this result is deemed to
be one of the most important of the inter-
40 a(%tive functions of any pair of coacting air-
Lifts. :
The said intermediate uptake-column, B2,
has a special relation to the next preceding

- and to the next following air-lifts, (see Fig.

"4 3) in that the up-flowing stream in B? Is

not only elastic, but is coactive between, and
_subject to the constant restraint of, two non-
aerated liquid -down-flowing streams each
of which is in communication with said
80 elastic stream at positions therein which are

under the pressure of a constant head of

Liquid. - Thus an oscillation occurring in
sald elastic' stream is met, and normally
-partially checked, by the inertia-resistance
5 of a non-aerated stream, whether such os-
cillation tends to act forwardly or back-
- wardly, or in both of the directions at ence.
Also, of these resistances, the greater one is
in a backward, and the smaller one is in a

" 80 forward, direction; and these inertia re-

sistances are coactive with each other
through said elastic stream being interme-

diate thereto. At the same time said down-

flowing stream (in column D?), is coactive
with and intermediate to the two upflowing
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elastic streams in columns B? and B%, sa

that in the said coaction of the stream in
column D? with the elastic stream in column
B?, this stream in column D3 so acts after
being modified in its (otherwise normal) ac-
tion by its said coaction with the elastic
stream in column B®. Thus the total coac-
tion as regards either said stream, is of a
composite nature, and comprises coactive
effects appurtenant to several and different
pluralities of column streams, which operate
concurrently.

Thus it may be said that in the more ex-
tended developments of the present inven-
tion, there is a multi-lift system of airlift
elements connected for uni-flow operation,
and comprising successive (two or more) of
the column-pairs, through which the liquid
stream is not only continuous, but is sub-
jected to the controlling effect,—at each said
down-turn portion thereof,—of a constantly-
acting super-head pressure. These column-
pairs, as B and D? or B* and D* (Fig. 2
or Fig. 8), may thus be said each to be top-
connected by an economizer-regulator,
since the “converter”, as K, economizes the
residual energy of the upflowing aerated
stream, and thus, also, is coactive for pro-
viding the “head” required for use in effect-
ing the interactive regulation, and thus
effect the auto-governing.

A further and special purpose of said up-
ward extensions of the columns D, is to pro-
vide a head of liquid which is not located
directly in the path of the stream, (see Fig.
42), but is so joined to and above such
stream-path that this head of liquid consti-
tutes a sufficient reserve or supply to which
liquid may be added from below, (by an
under-feed method), and from which liquid
may be withdrawn, in and for the interac-
tive regulation of the successive airlift -ele-

‘ments, and without materially affecting

either the continuity or flowage of the liquid

in its said path nor as a uniflow stream, nor

the plus-atmospheric pressure under which
this flowage takes place in said down-turn
portions thereof. Thus the stream consid-
ered as a whole,—and on the occurrence of.
variations in the operation thereof,—may

ave applied instantly thereto, a force and
a liquid-supply (drawn from one or more of
said reserve heads) tending to supplement
or to counteract such stream-variations and
thereby restore a regulated and normal flow.

A further feature of the inter-regulative
functioning, relates to the effects produced
on the inflow of air through nozzles N, by
the varying momentums and inertias of the
down-flow streams in columns D, whereby,
at certain moments and under the varying
conditions of the connected up-flow streams:
in columns. B, the rate of the air supplied
through one nozzle may be changed for the
moment and in an automatic manner, and
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thus become directly co-active in relation to
the governing of the operation of the sys-
tem. In an extended multi-stage system,
those air-flowage variations may oceur in
one portion of the series to increase the air-
supply of one uptake-stream, while in anoth-
er portion of the same series of airlifts, the
supply of air through the nozzle of another
uptake column may be decreased; or, such
increases,—or decreases, as the case may
be,—may occur simultaneously at such dif-
ferent positions in the series.

For instance, when there is an increase of
pressure in column D? (see Figs. 2 and 3)
while the pressure in column D? remains
stationary (for the moment), the normal
effect is to apply more pressure to the lower
end of the stream entering column B2, and
thereby somewhat increase the resistance to
the in-flow of air through nozzle N2, And,
should the pressure-resistance in column D?
be suddenly reduced, while no increase of
pressure should then occur in column D2, a
normal result would be to permit,, for the
moment, an increased flow of air through
said nozzle N?, and thereby, also, aid (both,
directly and indirectly) in restoring a bal-
anced operation of the whole system. Such
changes, occurring at any point in the sys-
tem, tend instantly on beginning, to modify
the pressure or rate of action at adjacent
points and théreby counteract the otherwise
disturbing effect of such a change from the
normal balance, and thereby aild in secur-
ing an interactive regulation as a result of
the reciprocal and peculiar coaction else-
where herein more fully described.

Since, as above pointed out,-a variation
from a uniformity of functioning at any one
of said points of the regulative action, oper-
ates by transmission®of the effect (of such
variation) in a forwardly and also in g
backwdrd direction,—and this at the same
instant,—therefore, when two such varia-
Q-
sitions, respectively, in-the system, all that
portion of the system which is intermediate
to the said locations  of the variations, is
subjected to a plurality of the transmitted
regulative influences, or effects, with the re-
sult that the complete regulation,—when.
any is needed at any place or instant;—is of
a complex pature, and is accomplished in
such a prompt and effective manner as to in-

5 volve only a relatively small change in any

one of the super-head .column-increments.
And, in such a complex regulative operation,
or functioning, when a variation of action
occurs in one uptake-column (except the pri-
mary one), this action is transmitted, or

reacts, through the directly coacting sub-

mergence column and thus tends to reverse-
ly modify the super-head or cclumn-incre-
ment which serves as the supply-means in
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the regulation of the pressure-head of this
submergence column. :
It will now be evident how the describe

graduation of the transmitted regulative ef-
fects, from a variation-in-action occurring
initially at a poesition above midway in an
extended system,—especially when the num-
ber of awlift-inembers exceeds three or
four,—has the important feature of gradu-
ally reducing the extent of the interaction
in passing through such a series, until the

© total effect becomes distributed in a manner

tending to produce a restoration of a com-
pletely balanced action throughout the se-
ries, including the airlift-member in which
the variation first arose. Another valuable
result is that when two (or any plurality
of) such variations occur simultaneously, or
nearly so, at relatively distant points, (or
originate in non-contiguous airlift-mem-
bers), the resultant series of transmitted va-
riations may blend together (as transmitted
to and appearing at intermediate points)
and thus be more quickly neutralized, and
become coactive more quickly and fully in
effecting the required balancing of the oper-
ations of each airlift-member, and of the
system as a whole. And this equalization ot
said variations and transmitted effects is
further favored by the described delaying
(owing to the time intervals required there-
for) of the successive said effects, so that
any plurality of such initial variations-of-
action become rapidly restoreéd by the de-
scribed interaction, this normally proceed-
ing both forwardly and backwardly in the
teries of airlift-members, from each of said
initial variations. '
‘Owing to the described transmission,—
forwardly and backwardly in a system com-
prising two or more of the airlift-mem-
bers,—of the said initial variations-of-ac-
tion, and of the said regulative actions for
counteracting the same, it will be evident
that each of said airlift-members shares in
the operation and functioning of the mem-
ber or members which are next théreto in
the system;, so that in the connected series of
such members, none.of them can be said to
operate alone, or as an independent, or
single, airlift. - Thus the. system has the

character of a unitary apparatus, and as-one
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arranged for perforining and effecting a -

single operation and result, this being to
elevate the liquid -through the. entire dis-
tance required and by a uni-flow stream hav-
ing therein no points of disconnection, re-
gardless of the number "of times,—during
such total lift,~—this stream shall be sub-
jected to the forwardly-impelling pressures,
or to the succéssive gerations and de-aera-
tions whereby said ‘pressures (or submer-
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means,—as for instance, the conduit forma-
tions,—for aeration and de-aeration of the
liquid should be so placed and proportioned
that the aggregate force thus exerted on the
stream will correspond in .power to the
height the liquid 1s to be lifted in passing
from the intake point up to the point of
final stream discharge. ' :
In ordinary . practice, as is well-known,
the kinetic effect of a given submergence-
head in pushing up an aerated liquid col-
umn in a connected uptake pipe, is directly
affected by any variation in the resistance
to up-flow of said aerated” column. This

resistance, as also well-known, ordinarily

and normally varies in a fluctuating man-

ner, so-that the resultant uptake flowage .
~may be described as normally having a

wave-like action, and this result may occur,

or accrue, with a varying degree.of force,

and with a variable periodicity. One cause
of those variations is understood to arise
from a fluctuation’in the rate of coalescence,
and the consequent enlargement of the size
of the air-bubbles in the up-flowing acrated

column- so that any abnormal increase of-

the coalescence, even momentarily, thereby
increases the velocity of the upflow, or “flo-
ation” rate, of the bubbles in and relatively
to the upflowing liquid content of the aeraf-
ed column. - S S

These wave-like variations may occur, in
the present multi-stage system, simultane-
ously in two or more of the uptake-columns,
or' they-inay oceur therein in alternation,
so that two of said kinetic resistances may
occur in two successive uptake-columns at
the same moment and thereby apply to
the uni-flow stream a. double resistance-ef-
fect; and, at another moment, an increased
resistance may occur in one said column
simultaneously with a decreased resistance
occurring in another said column. Thus, in
the operation of the system as a whole,
one said action may for the moment either
counterbalance. or 'supplement the other, so
that these actions may be said to become
coactive each with the other.

A well-known objection to the use of up-

take columns of great length, arises from
the large. ratio O%T increase in the volume
of a bubble in passing upward therein, due
to the great range of pressure to which
such bubble is thus subjected, and since the
slippage also increases with the increase of
diameter of the bubbles, the loss normally
arising from this cause is in itself a con-
siderable one, -besides causing an increased
amount of coalescence. This latter result
is often, a serious one, the. frequent but

irregular combining of two or more bubbles

into- one, operates unduly ‘to increase the
volume of a bubble and .hente to further
increase the rate of the slippage, as ‘well
as to accelerate the velocity) of the up-
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flowing stream as the air content thereof
is increased in volume as it approaches the
upper end of the uptake column. '

In view of those conditions, it -is ome
object of the present invention to provide
an apparatus especially adapted for eco-
nomical operation when using relatively
low heights of “submergence” and “lift”,
and thereby minimize said range of pres-
sures and the extent of the volumetric
change in size of bubbles, and thus restrict
the increase in the rate of slippage thereof
while the bubbles are passing through the

70
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entire length (height) of the uptake column.

By using only relatively low lifts, and a
sufficient number, or series, of these multi-
lift stages for raising the liquid to a given
elevation, not only are the pressure changes
brought within a smaller range;, and the
slippage reduced in quantity and velocity,
but a relatively greater number of spout-
ing-column energy-conversions are obtained
in a given height.

This feature and advantage is deemed
to be of special importance, since in such
a lower-pressure system the aggregate of

80

90

surface-contact between the air-content and -

the water-content of the upflowing column
is much greater in proportion to the rela-
tive quantity therein of free-air, so that a
relatively large ratio of heat transference,—
within practicable limits,—can now be eco-
nomically obtained, and this in connection
with a minimizing of the well-known ini-
tial loss of heat due to the described air-
compression and radiation. - _
Usually the heat developed in the air-
supply vy its compression is necessarily lost
by radiation before this air can be incor-
porated (in the form of bubbles) into the
lower end of the aerated.up-take column,
so that, at this lower point (or level), the
air and water are of substantially the same
temperature. During the movement of the
bubbles upwardly from said lower level,
the air thereof  continually becomes--cooler

"by reason of their expansion, and-this loss

of heat is gradually and largely compen-
sated by the transference by conduction of
heat from the water to the air by means
of said surface-contact of the bubbles with
the water. - AN ’

These combined gdins and advantages are
also obtained, in the present system, in con-

‘nection with a further advantage and re-

sult which is deemed to be of spécial im-

‘portance as regards " the inter-regulative

function peculiar to this system, and where-
by a complete and -constant . regulation. is
automatically obtained without the aid of
any mechanically operable devices, and
without any discharging of un-utilized air-
pressure. As already pointed out, (see Fig.
3 and the description thereof), a series of.
uptake pipes and down-flow conduits are
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arranged in alternation and are laterally
and, sub-surface connected for the uni-flow
operation, and (while the system is oper-
ating) are filled,- respectively, by elastic
up-flowing and non-elastic down-flowing
streams of fluid. Now, it will be evident
that the weights, and the momentums and
inertias of these streams will be quantitively
less in the said shorter lifts, so that by

and during the described.inter-action there-
of, these fluid streams will be more sensi-

tive in action, and thus .much more prompt
in their response to transmitted impulses,
in the shorter lifts as compared with the
action and response which would occur with
the heavier and hence less sensitive columns
of the greater lengths. ‘

.Thuis, it may be said that the means
and features which produce in a cumulative
manner, said combined gains resulting
from conversion of spouting-column energy,
from reduction of slippage and coalescence
losses, and from the said heat-loss compen-
sations, are not only cooperative, but to-
gether constitute a means, or agency, for
utilizing said features and cumulative re-
sults in a way to obtain a highly sensitive
and more prompt and effective operation
of the inter-regulative function of this sys-
tem considered as one. continuous and uni-
tary air-lifting apparatus operating by the
uni-flow method. :

“When a plurality of single airlifts are ar-
ranged in a series, each of the airlifts in
such an organization,—similarly as when
it is used singly,—may be distinguished, or
described, as comprising in the combina-
tion two columns, or pipes, one being the
“submergence-column”, and the other being
the “uptake column”, these two columns be-
ing of shorter and longer relative lengths,
respectively, and being joined at their lower
ends for supplying liquid from the sub-
mergence-column into the lower part of the
longer uptake-column, and the latter being
provided (as in usual practice) with an
aeration means. For instance, in the as-
cending series system herein illustrated in
Fig: 3 the column D? is a “submergence”

column, and is also a conduit for a down-

flowing stream. At its lower end said col-
umn D? is connected by a conduit E? with
the lower end of the longer “uptake” col-
umn B? which, (being for the upflowing
stream) is shown provided at N2 with
liquid-aeration means, thereby forming one
“airlift”,—or air-lift unit,—but only a sin-
gle one. Similarly, the cohimns designated
by D® and B3, are the ‘‘submergence” and
“uptake” columns, respectively, of the next
following single airlift-unit, comprised in
the same series, or system. Thus, in the
said series of columns, the two kinds are
placed in alternation, and thus are arranged
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in two series of coactive and successive
pairs. In one series each pair consists of
an airlift-unit, and comprises a submergence
column as the first member thereof, and an
uptake column as the second member there-
of, (these two members being bottom-con-
nected), and the path of flowage being
through an “up-turn”, and from the lower
end of said first member and into the lower
part of said second member,—that is, in a
direction from “submergence” to “uptake”.

For the purposes of the present inven-
tion, however, the said series of alternating
columns are further distinguished by an ar-
rangement of these columns into coactive
pairs of single columns, or column-pairs,
having a different and peculiar relation,
and in which the order, or sequence, of the
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two columns in a pair of them, is reversed. -

Thus, as here considered, the uptake col-
umn B* and submergence column D? con-
stitute one pair, of which said uptake col-
umn is the first member, and supplies the
said submergence column, which is now the
second member of such a pair. Similarly,
the uptake column B? and the next follow-
ing submergence-column, D3, constitute the
first and second members, respectively, of
the next following and more elevated col-
umn-pair of said series. One of these pairs,
it will be noted, while not itself constituting
an “airlift”, comprises the second column
of one airlift and the first column of a next
following airlift, these two columnar mem-
bers being top-connected, and the path of
flowage being through a “down-turn” and
from said first member into said second
member,—that is, in a direction from “up-
take” to “submergence”,

Thus the two kinds of columns being ar-
ranged in the described alternation, consti-
tute a plurality of bottom connected pairs
of columns in which each pair comprises
one coclumn of each said kind; and the same
arrangement of alternating columns con-
stitutes another plurality of pairs which
are top-connected, and in which, also, each
pair comprises one column of each said
kind. Thus, the alternating series of col-
umns may be said (when organized as set
forth) to constitute a dual system, this com-
prising column-pairs arranged in two se-
ries, and having the pairs of each series
mechanically and functionally complemen-
tal to the pairs of the other series. Ac-
cordingly, the series of three single airlifts
shown in Fig. 3 comprises two of the bot-
tom-connected pairs, and two of the top-
connected pairs, while these four pairs com-
prise five single columns. And, the two up-
turn positions, at E? and E?, (Fig. 8) and
also the two down-turn positions, at P! and
Pz (Fig. 2) are all intermediate to, and
functionally coactive with, the initial (or
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rimary) liquid-receiving uptake column,

1 and the terminal, or discharging uptake
column, B8,

These several features and relationships
are deemed to be important in connection
with the establishing and maintenance of a
“uni-flow” stream of the liquid to be ele-
vated by this airlift system. This kind of

. a liquid stream is indicated in Fig. 3 by the
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heavily shaded lines of arrows, 72, °, 7¢, in
pipes BY, B? and B3, respectively. 'Enter-
g the uptake B* at N?, the liquid flows up
to the top portion of this column, and thence
passes by a down-turn, at 7%, and through
conduit P, into the down-flow column D?;
next, the liquid flows down to the up-turn
at 12 and then enters the second uptake col-
umn B2 which leads the stream to the sec-
ond down-turn at P2. Similarly the flow
continues down the submergence column D3,
through the up-turn at E? into the uptake
column B2, and is finally discharged at the
upper end of this column. And, it is one
object of the present improvements, to pro-
vide for making the liquid to flow from said
inlet at N* to said final outlet in a stream
which is not only continues but is main-
tained as, and in the form of, one uni-flow
main-stream throughout its path of flowage.

For effecting said object, the present uni-
flow system is herein shown arranged and
provided with means whereby to subject the
liquid stream at two or more successive
down:turn portions thereof, to the pressure
of a head superposed upon those stream
portions in such manner as to maintain
upon the stream a plus-atmospheric pres-
sure throughout the entire course, or path
of flowage, thereof, including said down-

* turn portions.

45

50

65

60

65

For this purpose, said top-connected pairs
of columns may be provided,—preferably
in the manner elsewhere herein more fully
explained,~with an upward extension for
each column of such pair, these extensions
being connected in series, and together
forming an apparatus which, as to its
broader phase and more generic character
is designated as an “economizer-regulator.”
And said apparatus, (for the reasons herein
explained) is shown provided with channel
and chamber spaces connecting and ar-
ranged for de-aerating the liquid and for
economizing the kinetic-energy thereof, and
serves to transmit the stream while this is
under the super-atmospheric pressure.
Thus, it will be seen that said economizer-
regulator is proportioned, positioned and
operable as a means for maintaining in each
said extension, a super-head of liquid that
is superposed above and upon a dowr turn
portion of said continuous stream, (see Fig.
4> and description thereof), and for ob-
taining and maintaining that superhead,
and the superposed pressure thereof, by a
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peculiar and effective inter-regulative co-
action. .
Referring again to Fig. 3, it will be seen
that an important feature of this multi-
stage uniflow system when comprising three
air-1ift members, is that one uptake column,
as B2, is intermediate to, and directly co-
active with, two down-flow columns. All
the up-flow streams, in the several uptake
columns, respectively, are aerated streams,
while those in said down-flow columns neces-
sarily are de-aerated streams. Now, such
an aerated stream is longitudinally elastic,
and sensitive to variations in the actuating
and resistant forces to which it may be sub-
jected ; and, these forces include, of course,
the energy and the inertia of the said non-
aerated down-flow streams in columns D2
and D3 Therefore, while this three-mem-
ber system is in operation, said aerated and
elastic up-flow stream in column B? is inter-
mediate to, and is directly coactive with two
non-aerated down-flow streams of which the
one next preceding (in column D?) is co-
active with a preceding elastic up-flow
stream, (in column B') and the other of
which (in column D?) is coactive (but in a
reverse manner) with a next following elas-
tic up-flow stream, as B2 Thus, as will
now be obvious, this three-member system,
or combination, involves a peculiar coactive
and inter-regulative functioning which is

more extended and also more complex than-

occurs in the system when this comprises
less than three of the air-lift members.
One of the leading features of the present
multi-stage air-lifting system, relates to a
combination wherein two of the combined
economizers and governors are located at
successive positions and elevations, respec-
tively, and in their operation are coactively
connected with each other by sub-surface
streams, and through a pair of columns
which comprises one down-flow liquid-sub-
mergence-colnmn non-aerated and under
super-head pressure, and comprises one up-
take column bottom-connected with and sup-
plied with liquid from said submergence-
column, and having therein a longitudi-
nally-elastic aerated fluid column through
which liquid is supplied from the first and
lower said combined economizer and gover-
nor and delivered into the said second and
more elevated one of them. Thus, in the
auto-governing functioning as effected in
this combination, said second and more ele-
vated economizer-governor, as “X,” may
be said to operate in a resistant manner
against said first and lower economizer-gov-
ernor, by force transmitted, first, through
an intervening elastic column tending to
yield under surh resistant action, and, sec-
ond, through a non-elastic liquid column (in
said, submergence column) having a resist-
ant inertia, these two factors, of elasticity
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and inertia, operating coactively (sometimes
forwardly and at other times backwardly)
to create a time-interval as between a trans-
mitted impulse arising or developed in one
said economizer-governor, and the time such
impulse becomes effective on the other said
cconpomizer-governor. For the present pur-
pose, such an impulse or force transmitted
from any one of said members K, may be
regarded as “arising” therein, although
initially, and in part or wholly, it may have
arisen at, or from a variable operation of,
once or another of the aeration devices, N,
and have been transmitted therefrom to the
member, or members, K.

In this manner, and by the described
means, the transmission of an impulse, or a
regulative force or action, from one to an-
other of the economizer-governors,—as, for
instance, from K* to K2, or from K2 to K3,
or reversely,—while made rapidly is not in-
stantaneous, since such a transmission of
regulative action (or “ pressure-effect”) is
necessarily made (whether in one direction
or the other) through an up-flow stream
having longitudinal elasticity, and which, in
yielding under said force or impulse, in-
volves a brief but effective time-interval.
This mode of action as regards the trans-
mission of a single said force or impulse,
may occur as regards two such forces trans-
mitted in opposite directions at the same
instant. For instance, such a force arising,
or accruing, in converter K, and directed
toward converter K2,' may be substantially
coincident with another one arising (or de-
veloped) in converter K? and directed to-
ward converter K?, being thereby combined,
or counteracted, one sald force with or
by the other; or, one such force may arise
in converter K! at the same time another
arises in converter K*, these forces being
each directed toward converter K2, which
thus sustains a double pressure-effect, and
performs (for the moment) a double duty.
Also, similar forces may arise in two next
adjacent converters, as K* and K2, and both
be directed toward converter K®, thereby
tending to subject the latter, X3, to a plu-
rality of the pressure-effects coming from
the same direction at the same time: but this
result is opposed by the described provision
for the time-interval, which prevents the
said forces from converters K2 and K* from

» reaching converter K® at the same instant,

but cnly in succession, since between K2 and
K there is only one said elastic column,—
as B®, Fig. 3,—whereas two of these cclumns
intervene (and thus normally have suc-
cessive times of action) between converters
K* and K3 And, in 2 more extended devel-
opment of this multi-stage system, pluralities
of said energy-converters, or economizer-
governors K, may coact,—and with varying
degrees of energy,—with other pluralities

19

thereof which either precede or follow, in the
series of airlift-members of the system. These
explanations illustrate the extremely wide
range -of the coactive forces, or actions,
which are transmitted, from time to time,
through, or to and from, successive por-
tions of the uni-flow stream while this is at
all points of its flowage path under a super-
atmospheric pressure sufficient for causing

an effective transmission therein of said co- 7

acting regulative impulses, forces and pres-
sure-effects.

The regulative heights, or ratios, of the
sun of lifts L1, L2, 1.3, and the sum of su-
per-had heights A1, A%, A%, as represented in
the diagram view Fig. 3, are illustrative of
the principles and functions involved, and it
i1s to be understood that in practice said
ratios, or values, will be dependent,—as to
their exact or preferable proportions,—upon
the dimensions and normal rate of action of
the several system components, and upon the
structural character of their details, and
also upon the air-supply and stream-veloci-
ties which are to be employed. And it is in-
tended that when designing a multi-stage
and uni-flow system comprising the present
improvements, the elements and details there-
of which are of an ordinary character,may be
substantially in accordance with the propor-
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tions and data already recognized in this art .

as being good practice,—especially as re-
gards strain-velocities, and the air-supply
and its pressure.—for the quantity of work
to be performed. This information, as
regards features and details not peculiar to
the present invention, is now so well-known
in this field of engineering that it is deemed
to be unnecessary to give herein a mare par-
ticular account thereof.

In the foregoing description, and follow-
ing a conventional practice, reference is
sometimes made to the “operation” and
functions, and to the “mode of action” and
other features of members and devices which
are parts of an apparatus that is, even while
in use, wholly and constantly stationary.
But it will be understood that in air-lifts
the tubes and other structural components
“operate” in conjunction with submergence-
effect, and while the apparatus is supplied
with streams of liquid and air under pres-
sure, so that stationary parts may here be
said to be “ operable,” and to “act” when
thus supplied and under the forces then in
action in connection therewith. since these
stationary parts act by furnishing guidance
and limitation, and by directing the move-
ment and coaction of the flowing streams,
and by regulating the application thereto of
the actuating and resisting forces whereby
the several described results are obtained.

The several improvements which are here-
in referred to or described, but which are
not herein claimed, or which may.not be
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properly claimable in the present applica-
tion, are regarded as being broadly within
the scope and purview of the present inven-
tion, and are intended to constitute subject-
matter in separate applications to be co-
pending herewith. For instance, in the
three-stage system as shown in Fig. 3, cer-
tain features thereof are intended so to be
claimed, but are herein partially set forth
for the reason that the present improve-
ments as herein described and claimed are
deemed to be particularly applicable to,
and effective for use in, multi-stage systems
comprising three, or more than three, of the

5 described system-members, or air-lift units,

especially when these have a “lift” and
“submergence” less than usual, and are
therefore operable by air of a relatively low
pressure.

Having thus described my invention, it
should be understood that there may be
modifications thereof and variations there-
in without departing from the spirit of the
invention, or exceeding the scope of the ap-
pended claims.

1. A multilift uniflow airlift system com-
prising, in combination, a first uptake col-
umn and a second uptake column in suc-
cessive positions and at successive eleva-
tions, respectively; a submergence column
intermediate to said uptake columns and at
its upper end open by an outlet to atmos-
phere and at its lower end connected with
and to supply liquid to said second uptake
column, and having said upper end thereof
extending above the height of a liquid-head
and submergence-effect normal to said sec-
ond uptake column, and means appurtenant
to said submergence column and first up-
take column and including a closed-in chan-
nel forming a portion of a sub-surface
flowage-path for the uniflow stream, for
deaerating within the first uptake column an
aerated upflowing stream and transmitting
this deaerated liquid into the submergence
column at a position below said open upper
end thereof and thereby form by an under-
feed thereto a super-head column-increment
located in the submergence column above
the flowage-path of the uniflow stream.

2. A multilift uniflow airlift system com-
prising, in combination, a first uptake col-
umn, provided with an energy-converter po-
sitioned above the discharge end of an up-
take-tube thereof, and also comprising a sec-
ond uptake column, these two upta%ne col-
umns having aeration means and being lo-
cated in successive positions in the system
and at successive elevations, respectively; a
submergence column intermediate to said
uptake columns, and at its upper end open
by an outlet to the atmosphere, and con-
necting at its lower end with the lower part
of said second uptake column and having
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its said open upper end forming a reserve-
supply chamber; and a closed-in transmis-
sion channel in position and connected for
transmitting an unaerated liquid as a sub-
surface stream from a position below said
converter of the first uptake column and
into said submergence column at a point
{hereof below the level of said discharge end
of said uptake-tube of the first uptake-ccl-
vmn and thereby supply said chamber by
an under-feed thereto with a reserve-supply
of liquid having a plus-atmospheric pres-
sure transmitted from said energy-converter
through a subsurface stream.

3. A multilift uniflow airlift system com-
prising, in combination, a first uptake col-
umn provided with an energy-converter po-
sitioned above the discharge end of an up-
take tube thereof, and also comprising a
second uptake column, these two uptake
cclumns having aeration means and being
located in successive positions in the system
and at successive elevations, respectively; a
submergence column intermediate to said
uptake columns and at its upper end open by
an outlet to the atmosphere, and connecting
at its lower end with the lower part of said
second uptake column, and having its said
open upper end forming a reserve-supply

‘chamber; and a closed-in transmission chan-

nel forming a portion of a flowage-path for
the uniflow stream, this channel being in
position and connected for transmitting an
unaerated liquid stream from a position be-
low said converter of the first uptake col-
umn and into said submergence column at
2 point thereof below said reserve-supply
chamber, and thereby supply said chamber
by an under-feed thereto with a reserve-
sapply of liquid-located between the flow-
age-path of the uniflow stream and said out-
let to the atmosphere. .
4. In an apparatus for elevating liquids in
a uniflow stream and by the airlift method,
in combination, a first airlift-member and a
second airlift member located in successive
positions and also at successive elevations,
respectively, and connected for conjoint op-
eration by a subsurface channel positioned
for a down-turned stream-flow therein, each
said airlift-member comprising an uptake-
tube having aeration means at the lower part
thereof, and the uptake-tube of said first
airlift-member having at the upper end
thereof a kinetic-energy converter in posi-
tion, connected and arranged for forming a
super-head column-increment, and for nor-
mally maintaining this super-head above the
path’ of the liquid stream in said down-turn
portion thereof, and said second airlift-
member having a submergence column with
its upper end in position and connected for
receiving said column-increment as formed
by said first airlift-member, and with its
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lower part connected by an upturn with the
aeration means and lower end of said up-
take column of said second airlift-member.

5. In an apparatus for elevating liquids
in a uniflow stream and by the airlift' meth-

od, in combination, a first airlift-member.

and a second airlift-member located in suc-
cessive positions and also at successive ele-
vations, respectively, and connected for con-
joint operation by a subsurface channel po-
sitioned for a down-turned, stream-flow
therein, each said airlift-member compris-
ing an uptake-tube having aeration means
at the lower part thereof and having at the
upper end thereof a kinetic-energy con-
verter in position, connected and arranged

for forming a super-head column-incre-

ment, and for normally maintaining this
superhead above the path of the liquid
stream in a down-turn portion thereof, and
said second airlift-member having a sub-
mergence-column with its upper end in po-
sition and connected for receiving said col-
umn-increment as formed by said first air-
Lift-member, and with its lower part con-
nected by an upturn with the acration means
and lower end of said uptake column of
said second airlift-member, and thereby in-
teractively connecting through said second
uptake-tube, the kinetic-energy converter of
said first airlift-member with the said ki-

netic-energy converter of the second airlift-

membe: i o
6. In an apparatus for elevating liquids in
a uniflow stream and by the airlift method,
in combination, a first airlift-member and a
second airlift-member located in successive
positions and also at successive elevations,
respectively, and connected through a down-
turn subsurface stream-path for conjoint
operation, each said airlift-member being
provided with an uptake-tube and aeration
means therefor, and the uptake tube of said
first airlift-member having at the upper end
thereof a kinetic-energy converter which is
in position, connected and arranged for
forming a nonaerated super-head column-
increment, and for normally maintaining
this column-increment above the path of
and as a pressure-load upon the said down-
turn portion of the stream, said second air-
Iift‘member having a submergence column
with its upper end of a height and connect-
ed for receiving said column-increment and
having its lower end con scted by an up-
turn with the lower end of said up-take tube

of said second airlift-member, for thereby -

by means of a nonaerated liquid stream in
said submergence c¢olumn connected said
nonaerated super-head column-increment
with an aerated and elastic liquid stream up-
flowing in said uptake-tube of the second
airlift-member, for thereby modifying a
flow-regulating action transmitted forward-

L

ly from -said energy-converter and super-
head column-increment,

7. In an apparatus for elevating liquids
in a uniflow stream and by the airlift meth-
od, in combination, a first airlift-member
and a second airlift-member located in suc-
cessive positions and also at successive ele-
vations, respectively, and connected through
a down-turn subsurface stream-path for
conjoint operation, each said airlift-member
being provided with an uptake-tube having
aeration means in the lower part thereof and
having at the upper end thereof a kinetic-
energy converter which is in position, con-
nected and arranged for forming a non-
aerated super-hea§ column-increment, -and
for normally maintaining this column-in-
crement above the path of and as a pressure-
load upon the said down-turn portion of the
stream, said second airlift-member having
a submergence-column of a proportion, and
with its upper end of a height and connect-
ed, for receiving said column-increment as
an  upper-end-portion above a nonaerated
stream down-flowing therein, and having its
lower end connected by an up-turn with the
lower end of said uptake-tube of said sec-
ond airlift-member for thereby by means of
an aerated and elastic up-flowing stream in
said second uptake-tube connecting said
super-head column-increment of said second
airlift-member with the nonaerated liguid
stream in said submergence column, and
thereby modify a flow-regulating action
transmitted backwardly from said energy-
converter of said second uptake-tube.

8. In a liquid-elevating system, the com-
bination with a primary uptake column po-
sitioned and provided for initially receiv-
ing and aerating a stream of liquid upflow-
ing in the lower part thereof and under an
applied submergence-effect, of a laterally-
enclosed and upwardly-extending spouting-
column-receiving deaeration-channel consti-
tuting an upper portion of said uptake col-
umn and having a height greater than the
height of a spouting-head of aerated liquid
normal to said primary uptake column when
this column is operating under the said ap-
plied submergence-effect; means including
said spouting-column channel for deaerat-

ing the liquid of the spouting-column and

simultaneously converting the ~ kinetic-en-
ergy thereof into a super-head pressure, and
for delivering the deaerated liquid. down-
wardly in said channel in a counter-flow
stréam; and, means. positioned and connect-
ed for delivering said counter-flow steam
out of said uptake column while maintained
under the super-head pressure produced by
said energy-conversion, in said spouting-
column channel. C _

9. In a liquid-elevating system compris-
ing a primary airlift-member and a second
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airlift-member, in combination, a primary
airlift-member having an uptake column po-
sitioned and provided for initially receiving
and aerating a stream of liquid upflowing in
the lower part thereof and under an applied
submergence-effect ; a laterally-enclosed and
upwardly extending spouting - column - re-
ceiving deaeration-channel constituting an
upper portion of said uptake column and
having a height greater than the height of a
spouting-head 01% aerated liquid normal to
said primary uptake column when this col-
umn is operating under the said applied sub-
mergence-effect; and means including said
spouting-column channel and in position
and arranged for simultaneously deaerating
the liquid of the spouting-column and con-
verting the kinetic-energy thereof into a
super-head pressure, and for transmitting
this pressure -and said deaerated liquid to
the submergence column of a second airlift-
member, and to a subsurface position there-
in.
10. In a liguid-elevating system compris-
ing a primary airlift-member and a second
airlift-member, the combination with a pri-
mary airlift-member having an uptake col-
umn positioned and provided for initially
receiving and aerating a stream of liquid
upflowing in the lower part thereof and un-
der an applied submergence-effect, of a
laterally-enclosed and upwardly-extending
spouting-column-receiving deaeration-chan-
nel constituting an upper portion of said
uptake column and having a height greater
than the height of a spouting-head of
aerated liquid normal to said primary up-
take column when this column is operating
under the said applied submergence-effect;
means including said spouting-column chan-
nel for deaerating the liquid of the spout-
ing-column and simultaneously converting
the kinetic-energy thereof into a super-head
pressure; and means including the outlet
channel of a three-channel junction and in

. position and connected for transmitting
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said super-head pressure to the submergence

column of a second airlift-member af a sub-

surface position therein and by a stream _

flowing under said super-head ' pressure,
said means being also proportioned and ar-
ranged for maintaining in said submer-
gence-column- and while in operation a
super-head submergence-effect correspond-
ing with the super-head pressure resulting
from said energy-conversion. oo

11. In an airhft system comprising a pri-
mary airlift-member and also a second air-
lift-member having a submergence column
supplied from the primary airlift-member,
in combination, a primary airlift-member
having an uptake column comprising an
uptake-pipe which is provided in the lower

art thereof with liguid-aeration means and
1s provided at the upper end thereof with a
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three-channel junction in which the deliv-
ery-end of said uptake-pipe constitutes a
supply-channel therefor, said junction also
having an upwardly-extending channel for
liquid-deaeration and energy-conversion,
and arranged for deaerating the liquid of a
spouting-column and returning such liquid
in a counter-flow stream to said junction
under a super-head pressure at the level of
satd delivery-end of said uptake-pipe; and,
a junction-outlet channel in position and
connected for transferring said deaerated
liquid and the counter-flow stream thereof
into the submergence-column of said second
airlift-member by a stream maintained
under said super-head pressure.

12. In a multilift apparatus for elevating
liquid by the airlift method, in combina-
tion, a first airlift-member and a second air-
lift-member located in successive positions
and also at successive elevations, respec-
tively, and connected for conjoint operation,
each said airlift-member comprising an up-
take-tube having aeration means at the
lower end thereof, and the uptake-tube of
said first airlift-member having at the up-

per end thereof a super-head-forming means

In position, connected and arranged for
forming and maintaining a super-head col-
umn-increment for the submergence col-
umn of said second airlift-member, said suc-
cessive airlift-members being each propor-
tional and each positioned at such a height
relative to the other that the air-supply
pressure adequate to said first airlift-mem-
ber and its super-head-forming means is

also adequate to the submergence-effect re-

quired by said second airlift-member.

13. In a multilift apparatus for elevating
liquid by the airlift method, in combination,
a first airlift-member, a second airlift-mem-
ber, and a third airlift-member located in
successive positions and also at successive
elevations, respectively, and -connected for.
conjoint operation, each said airlift-member
comprising an uptake-tube having aeration
means at the lower end thereof, and the
uptake-tubes of said first airlift-mem-
ber and of. sald second airlift-member
each having at the upper end thereof a
super-head-forming means in position con-
nected and arranged for forming and main-
taining a super-head column-increment for
the-submergence column of a next following
airlift-member, said three successive airlift-

‘members being each proportional,-and each
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positioned at a height relative to the other

said members that the air-supply pressure
adequate to said first airlift-member and its
super-head-forming means is also adequate
to the second airlift-member and its super-
head-forming ‘means, and also to the:sub-
mergence-effect required by said third-air-
lift-member. - A

14. A multi-lift uniflow airlift system
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tomprising, in combination, a stream-con-
ducting conduit continuous from the point
of initial intake to the point of stream-dis-
charge, and means appurtenant to said con-
duit and located at successive positions
therein for first aerating and then deaerat-
ing a uniflow liquid stream and thereby sub-
ject the stream at each said position to a
forwardly-impelling pressure by a resultant
submergence-effect, one of said dereiating
means comprising a kinetic-energy converter
in position and connected for applying to
the stream a super-head pressure and there-
by augment said submergence-effect while
maintaining on the stream a super-atmos-
pheric pressure at all points in the length
of said conduit, and said successive means
for aeration and deaeration being placed
and proportioned for applying said sub-
mergence-effects with an aggregate force
corresponding to the height from said in-
take point up to said point of stream.of dis-
charge.

15. A multilift uniflow airlift system
comprising, in combination, a stream-con-
ducting conduit continuous from the point
of initial intake to the point of stream-
discharge, and means appurtenant to said
conduit and located at successive positions
therein, and including descending and as-
cending conduit formations, for first aerat-
ing and then deaerating a uniflow liquid
stream and thereby subject the stream to
an upflow at each said position and to a
forwardly-impelling pressure by a resultant
submergence-effect, a plurality of said de-
aerating means each comprising a kinetic-
energy converter in position and connected
for applying to the stream a super-head
pressure and thereby augment said sub-
mergence-effects while maintaining on the
stream a super-atmospheric pressure at all
points in the length of said conduit, and said
successive means for aeration and de-
aeration being placed and of proportions
for applying said submergence-eflects with
an aggregate force corresponding to the

“height from said_intake point up to said

point of stream discharge. o

16. A multilift uniflow airlift system
comprising, in combination, a stream-con-
ducting conduit continuous from the point
of initial intake to the point of stream-dis-
charge, and means located at successive po-
sitions in said conduit and including ascend-
ing and descending conduit formations for

- first aerating and then deaerating a uni-

- 60
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flow liquid stream and thereby subject the
stream first to a down-flow and then to an
up-flow at each said position and to a for-
wardly-impelling pressure by a resultant
submergence-effect, each one of said de-
aerating means being arranged and con-
nected to also constitute a kinetic-energy
converter for applying to the stream a

super-head pressure and thereby augment
said submergence-effects while maintaining’
on the stream a super-atmospheric pressire
at all points in the length of said conduit.

17. An airlift uptake column, comprising
in combination, an uptake pipe provided in
the lower part thereof with liquid-aerating
means; and, a combined deaeration cham-
ber and kinetic-energy converter of tubular
form and constituting an upper extension
for the uptake-pipe, and of a height to re-
ceive, and to retain during deaeration, the
entire height of a spouting column of
aerated liquid discharged upwardly there-
into from the uptake-pipe, said chamber be-
ing in position and proportioned for the for-
mation therein of a down flowing counter-
flow stream of the liquid deaerated from
the spouting-column, and having a dis-
charge port for said stream located below
the zone of de-aeration.

18. An airlift uptake column comprising,
in combination, an uptake pipe provided in
the lower part thereof with liquid-aeration
means; and, a combined deaeration chamber
and kinetic-energy converter constituting
an upper extension of the uptake-pipe, and
having a combined counter-flow-receiving
and streams-uniting chamber surrounding
the discharge end of said pipe, said energy-
converter being of a height to receive, and
to retdin during deaeration, the entire
height of a spouting column of aerated
liquid discharged upwardly thereinto from
the uptake-pipe, and said chamber being in
position and proportioned for receiving
therein a counter-flow stream of the liquid
deaerated from the spouting-column, and
having a discharge port for said stream and
located below the zone of deaeration.

19. In an airlift uptake columm, in com-
bination, an uptake-pipe provided in the
lower part thereof with liquid-aeration
means and provided at the upper end there-
of with a three-channel junction which com-
prises the delivery-end of said uptake-pipe
as a supply-channel therefor, said junction
also having an upwardly-extending chan-
nel for liquid-deaeration and energy-con-
version, and which extends -beyond the’
~height of a spouting head normal to a stream
of aerated liquid discharged upwardly from
said uptake-pipe, and is arranged for de-
aerating the liquid of said spouting head
and returning such liquid in a counter-flow
stream and thereby forming a super-head
liquid column, and is coactive for maintain-
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ing this column under a plus-atmospheric

super-head pressure at the level of said de-
livery-end of said uptake-pipe; and, a junc-
tion outlet channel in position and connected
for conducting away from the junction the
deaerated liquid and the counter-flow stream
thereof while these are maintained under
said super-head pressure.
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20. In an airlift uptake column, in combi-
nation, an uptake-pipe provided in the lower
part thereof with liquid-aeration means and
provided at the upper end thereof with a
three-channel junction which comprises a
flowage chamber and three channels appur-
tenant thereto, first, the delivery-end of said
uptake-pipe which extends into the interior
of said chamber and is a supply-channel
therefor; second, an upwardly-extending
channel for liquid-deaeration and energy-
conversion, and which extends beyond the
height of a spouting-column normal to a
stream of aerated liquid discharged upward-
ly from said uptake-pipe, and is proportion-
ed and arranged for deaerating the liquid
of said spouting-column and returning such
liquid in a counter-flow stream and under a
super-head pressure into said flowagé cham-
ber; and, third, a junction outlet channel in
position and connected for conducting away

from said flowage-chamber the deaerated |

liquid and the counter-flow stream thereof
while these are under said super-head pres-
sure. :

21. In an airlift pair comprising a pri-
mary airlift-member and a secondary air-
lift-member, in combination, an uptake pipe
for the primary airlift-member and having
an upper terminal member consisting of a
combined deaeration chamber and kinetic-
energy converter arranged and operable for
delivering de-aerated liquid from a spout-
ing column to an outlet passageway com-
prised in said primary airlift-member;
and, a submergence column for the sec-
ondary airlift-member and extending to
a level higher than said pipe by a dis-
tance greater than a head of liquid
representing the pressure of said spout-
ing-column, said passageway being ar-
ranged for and forming a conduit in posi-
tion for delivering liquid from said deaera-
tion chamber to said submergence column
at a position therein below a normal range
of variation in the top surface of the sub-
mergence therein.

22, In an airlift pair comprising a pri-
mary airlift-member and a secondary air-
lift-member, in combination, an uptake pipe
for the primary airlift-member and having
an upper terminal member consisting of a
tubular combined deaeration chamber and
kinetic-energy converter arranged and con-
nected for delivering deaerated liquid from
a spouting column to an outlet passageway

comprised in" said primary airlift-member

and located at a level lower than the dis-
charge end of said pipe; and a submer-
gence column for the secondary airlift-mem-
Ber and extending to a level higher than
said pipe by a distance %reater than a head
of liquid representing the pressure of said
spouting-column, said passageway being in
position and connected for forming a con-
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duit for delivering liquid from said deaera-
tion chamber to-said submergence column at
a subsurface position therein.

23. In an airlift pair comprising a first
airlift-member and a second airlift-mem-
ber, in combination, an uptake pipe for the
first airlift-member and having an upper
terminal member consisting of a columnar
combined liquid deaerator and Kkinetic-en-

ergy converter arranged and operable tor 7

deaerating therein the liquid of a spout-
ing column projected thereinto from said
uptake pipe; a submergence column for the
second airlift-member and extending to a

70

level higher than said pipe by a distance °

greater than a head of liquid representin
the pressure of said spouting-column; and,
means for delivering deaerated liquid from
said deaerator to said submergence column
at a position therein below the top surface
of the submergence therein.

24. In an airlift system comprising an
airlift pair having a first airlift-member
and a second airlift-member, in combina-

* tion, an uptake pipe for the first airlift-

member; a combined liquid deaerator and
kinetic-energy converter in position and ar-
ranged for receiving a spouting column of
aerated liquid discharged upwardly from
said pipe; a submergence-column for the
second airlift-member and extending to a
level higher than said pipe by a distance
greater than a head of liquid representing
the pressure of said spouting-column; and
a passageway chamber surrounding the dis-
charge end of said pipe and connecting with
said deaerator and said submergence col-
umn through separate channels, respec-
tively, and arranged for delivering de-
aerated liquid into said submergence-col-
umn below the top surface of the sub-
mergence therein.

25, In an interconnected airlift paircom-’

prising a first airlift-member and a second
airlift-member arranged in series, in'combi-
nation, an uptake column for the first air-
lift-member and having an uptake tube; a
submergence column -for the second airlift-
member and extending above the level of
said uptake tube by the height of a spout-
ing-head line in said uptake column; and,
an economizer-regulator appurtenant to and
connecting said uptake and submergence

-

—

)

columns and comprising a channel posi-

tioped for receivin%
jected- upwardly thereto from the uptake
tube, and for retaining during deaeration,
the liquid of, and the full height of the
spouting column, and then delivering this

a spouting-column pro- -

liquid deaerated and. by a counter-flow -

stream into the submergence column in a
position for applying thereto a super-head
pressure corresponding to the pressure-head
of the spouting column.

" 26. In a uniflow airlift system, in com- -
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bination a column-pair comprising the up-
take-column of one airlift-member and the
submergence-column of a second and next
succeeding airlift-member, and provided at
the upper part thereof with a four-chan-
nel economizer-regulator apparatus having
therein, first a supply-channel consisting of
the discharge-end of the uptake-pipe of said
uptake-column ; second, an energy-converter
channel above said pipe-end and of a height
for retaining during deaeration a spouting
column discharging upwardly from said
pipe-end; third, a ‘column-connecting chan-
nel connecting the lower end of said energy-
converter channel with said submergence-
column ; and, fourth, an upper end extension
of the submergence-column which extends
above a level corresponding to the height of
a pressure head-normally formed in said
converter, and which is thereby positioned
to receive and contain a super-head column-
increment for adding to the otherwise nor-
mal submergence-effect of the liquid sub-
mergence column in said second airlift-
member.

27. In a multilift system for elevating
liquids by the airlift method, in_combina-
tion, a plurality of sudcessive and coacting
column-pairs each comprising an uptake
column for aerated liquid and a down-flow
column for a deaerated liquid, and each
down-flow column being an intermediate for
connecting two of said uptake columns; and,
two economizer-regulators at successive posi-
tions in the system and each comprising an
upper-end portion of one uptake column and
oF one down-flow column, and provided with
channel and chamber spaces connecting and
arranged for. deaerating and economizing
the residual energy of an upflowing aerated
liquid stream and thereby produce a plus-
atmospheric pressure and a super-head col- .
umn-increment. in said down-flow column,
and for transmitting the stream after
deaeration into the down-flow column while
supplying thereto said super-atmospheric
pressure, said economizer-regulators being
proportioned and positioned for each to ap-
ply to said stream during variations in the
operation thereof a pressure and a liquid-
supply counteractive of said stream varia-
tions.

28. In an airlift pair comprising a first
airlift-member and a second airlift-member
each provided with an uptake pipe and with
super-head-forming means, and connected in
series and for interactive operation, in com-
bination, a first airlift-member in position
and connected for operation under a sub-
mergence normal thereto and by an air-sup-
ply pressure normal to said submergence,
and connected to supply liquid to the sub-
mergence column of the second airlift-mem-
ber by a subsurface stream under pressure;
a second airlift having the submergence col-

surface height therein;

umn thereof in position and connected for
receiving said stream at a subsurface height
therein ; and air-supply means connected for
delivering air under pressure and for liquid-
aeration to the uptake pipe of each said air-
lift, said second. airlift being positioned at a
height relative to said first airlift for the
flow of. air’ thereinto from the air supply
pressure at which the air flows into said first
airlift, and thereby interactively so regulate
the operation of the two airlift-members
that an excess in ratio of action in either
said airlift immediately restricts the rate of
up-flow in the airlift having such excess of
action and accelerates the raté of upflow in
the other said airlift, for thereby restoring
from an unbalanced to a balanced ratio the
rates of action in the two said airlift-
members.

29. In an airlift pair comprising a pri-
mary airlift-member and a secondary airlift-
member each provided with an uptake pipe
and with super-head forming means; and
connected in series for interactive operation,
in combination; a primary airlift-member in
position and connected for operation under
a submergence normal thereto and by an air-
supply pressure normal to said submergerice,
and also connected to supply liquid to the
submergence column of t}ﬁe secondary by a
submergence stream under pressure; a sec-
ondary airlift-member having the sub-
mergence column thereof in position and
connected for receiving said stream at a sub-
n; and air-supply
means connected for delivering air under
pressure and for liquid-aeration to the up-
take pipe of each said airlift, said secondary
airlift-member being positioned at a height
relative to said primary airlift-member for
the flow of air thereinto from the air-supply
pressure at which the air flows into said
primary airlift-member, and thereby with-
out a change of air-supply pressure so reg-
ulates the operation of the two airlifts that
an excess in ratio of action in either said

airlift reduces the rate of upflow in the air-

lift-member having such excess of action and
accelerates the rate of upflow in the other
said airlift-member, for thereby restoring
from an unbalanced to a balanced ratio the
rates of action in the two said airlift-
members. .

30. In apparatus for elevating liquid by
the airlift -method, in combination, a first
uptake-column comprising at the upper end
thereof a three-channel-junction member
provided with a super-head-forming kinetic-
energy converter and with an outlet chan-
nel; a second uptake-column positioned for
delivering a liquid stream to a position
higher than the junction member of said
first column; liquid-aerating means apurte-
nant to the lower part of each said uptake
column; a Adown—gow column connecting
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with, and supplying liquid to, the lower
part of said second uptake-column at a po-
sition therein below said aerating means
thereof, said down-flow column being of a
length operable for providing the submer-
gence-effect for said second uptake-column,
and having its upper end extending above
the level of the super-head formed in said
converter, and said outlet channel of said
junction member being in position and con-
nected - for transmitting a stream of deaer-
ated liquid from said junction member and
into said down-flow column and thereby sup-
ply liquid to said second up-take column,
and also thereby form and supply by an
under-feed thereto a super-head of liquid
contained in the down-flow column and lo-
cated therein above the path of flowage
of said stream and also located intermediate
to the two said uptake columns and posi-
tioned for serving as a reserve supply in

.and the interactive regulation of the co-
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active operation of these uptake columns.
81. In multilift apparatus for elevating
liquids by the uniﬂgw‘ airlift method, -in
combination, an initial uptake receiving-
column having at its upper end a deaer-
ating and super-head-forming means; a ter-
minal uptake discharging-column positioned

at_an elevation higher than the receiving

column; liquid-aeration means in the lower
part of each said uptake column; and, a
three-conduit- system intermediate to and
connecting said receiving-column and said
discharge-column, and connected for being
supplied - from said super-head-forming
means of said receiving-column, and con-
nected for supplying liquid to said discharg-
ing-column at a pesition below the aeration

means of this column, said three-conduit.

system comprising two down-flow columns
connecting one of them at the top part
thereof with said super-head-forming means
of the receiving column, and the other of
them connecting at the lower end thereof
with the lower end of said discharging col-
umn, and said two down-flow columns %ein
connected into one stream-conductin patﬁ
by an intermediate uptake column Eavin
aeration means in the lower part thereof ang
having a deaeration and super-head-forming
means at the upper part thereof, each of
said super-head-forming means being there-
by in position and connected for each apply-
ing a plus-atmospheric pressure to a down-
turn portion of the uniflow stream, and also
connected through said columns intermedi-
ate thereto, for a reciprocal regulative ac-
tion thus transmittable through the liquid
stream and from each said means to the
other. - . o
32. In a series airlift system, in combi-

" nation, an up-take pipe and a connected

submergencs column  therefor;  air-supply

means comprising liquid-aeration means for-
: ) .

a
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the up-take pipe; means for supplying
liquid to said:submergence column at a sub-
surface position therein ard under a super-
head pressure; a kinetic.energy converter
constituting an upper end extension of said
uptake-pipe and operative for forming a
super-head pressure of the liquid at the
discharge end of said pipe; and means for
conducting the liquid out from said ener

converter for discharge in a stream at a sub-
surface position therein and under said

super-head pressure, said aeration means
P y

being thus operable upon a liquid column
whic% is recelved into said submergence col-
umn in a stream flowing against a super-
head pressure, and is discharged from the
uptake column in a stream flowing against
a super-head pressure obtained by a con-
version of kinetic energy within said up-
take-pipe extension, and said liquid column
extending between and coacting with, said
supply stream and its super-head pressure
and said discharge stream and the super-
head pressure thereof, for thereby transmit-
ting a regulative action from each said
stream to the other on the occurrence of a
variation in the relative rates of flowage of
srid, supply and discharge streams.

33. In ‘an_airlift system comprising a
series of airlift-members each provided with
an uptake pipe and organized to constitute
two airlift pairs,—namely, a primary pair
and a secondary pair,—and having each ot
these pairs comprising a first airlift-mem-
ber and a second airlift-member connected
in series and for interactive operation, and
having the second airlift-member of the pri-
mary-pair also constituting the first airlift-
member of the secondary pair, in combina-
tion, a primary airlift-pair comprising a
first airlift-member in position and connect-
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ed for operation under. a submergence nor- =

mal thereto and by an air-supply pressure

normal to said submergence, and also con-
.nected to supply liquid to the submergence

column of the second airlift-member of this
primary pair by a subsurface stream and
under a super-head pressure, said primary

pair also comprising a second ‘airlift-mem-:

ber having the submergem%e column_thereof
in position and connected for receiving said
liquid stream at a subsurface position there-

—

13-

in; a secondary airlift-pair comprising as =

the first airlift-membér thereof the said sec-
ond airlift-member of the primary pair, and
also comprising a second airlift-member hav-
ing the submergence column thereof in po-
sition: and eonnected - for receiving in a sub-
surface position therein a stream of liquid
discharged from said first airlift-member of

ing also the second airlift-member of the

primary pair; and, air-supply means con-.
-nected for supplying to each said airlift-

member, air at a pressure normally required

-t

20

—
»n
(1]

this 'secondary pair, this airlift-member be- '

139
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by the total submergence of each said airlift-
member, respectively, and thereby coact in so
regulating the inter-active operation of the
combined airlift-pairs that the restoring
from an unbalanced to a balanced ratio of
the rates of action in-the airlift-members of
either said pair shall thereby interact for
the restoring to a balanced ratio the rates

of action in and as between the said airlift- -

members of the other said pair, and there-
by overcome an unbalanced ratio of action
and restore a balanced ratio of action as
between all the airlift-members of the series.

34. The hereindescribed method of utiliz-
ing, in an airlift pair which comprises a
primary airlift-member and a secondary air-
lift-member, the energy of the spouting
column of aerated liquid discharged up-
wardly from the uptake pipe of an airlift,
which consists in laterally confining the
spouting column during deaeration and for
the entiré height thereof, within a col-
umnar extension of the said uptake pipe,
and thereby produce a downflow stream hav-
ing a super-head pressure, and then trans-
ferring this pressure and stream for use in
a coacting apparatus and through a passage-
way below the level of said upward dis-
charge of the spouting column.

35. The hereindescribed method of utiliz-
ing, in an airlift pair which comprises a
primary airlift-member and a secondary air-
lift-member, the energy of the spoutin
column of aerated liquid discharge upward-
ly from the uptake pipe of an airlift-mem-
ber, which consists in laterally confining the
spouting column during deaeration and for
the entire height thereof, within a columnar
extension of the said uptake pipe, and there-
by produce a down-flow stream having a
super-head pressure, and then transferring
this pressure and stream for use in a coact-
ing apparatus and through a passageway be-
low the level of the pipe-end from which
the spouting column is upwardly discharged.

36. The hereindescribed method for air-

‘lifting liquids, it consisting in flowing the

liquid in a continuous uniflow stream from
the initial intake point of a primary uptake
column to the point of discharge in a final
uptake column, and while confined in a con-
tinuous conduit extending from said intake
point to said discharge point subjecting said
flowing stream to a plurality of successive
down-turn and up-turn flowages in alterna-
tion, and subjecting the stream at each said
up-turn to aeration, and at each said down-
turn to deaeration and conversion of spout-
ing-column-energy into a super-head pres-
sure, and thereby form and maintain on the
down-turn portions of the stream the pres-
sure of a super-head of liquid intermediate
to the path of the stream and the atmos-
phere. :

37. The hereindescribed method of air-

7

lifting liquids in a uniflow stream, it con--

sisting first, in subjecting an intake stream
in the uptake pipe of a primary uptake col-
umn to submergence-effect and to aeration
proportioned for delivering this stream out
of said pipe with a spouting-head pressure;
second, transferring the stream out from
said primary column at a level at which the
stream is subject to said spouting-head pres-
sure, and thence through an intervening con-
duit comprising stream-impelling means to
the lower end of a liquid-discharging up-
take column; third, subjecting the stream 1n
said discharge uptake column to an aeration

and to the force of a stream-impelling means-

proportioned for elevating said stream to a
discharge outlet, said discharge uptake col-
umn being located with the aeration level
thereof above the normal submergence level
of said primary uptake column, and said
intermediate stream-impeller having a force
for lifting the liquid from the level of said
discharge level of the primary column, up
to the normal submergence level of said dis-
charging uptake column, and, maintaining
the liquid from its entrance to said primary
column and throughout its flowage to the
outlet of said discharging column, continu-
ously under a pressure greater than atmos-
pheric pressure and not less at any point
than the amount of the pressure produced
by the spouting-head, whereby the described
uniflow -stream is protected from atmos-
pheric interference and is maintained
throughout the entire course thereof under
a pressure in excess of atmospheric pressure.

38. A method for interactively regulating
mm a multilift uniflow airlift system the
operation of two successive airlift-members
each of which comprises an uptake-column
provided with a coacting submergence-col-
umn, said method consisting in discharging
the stream of liquid from each uptake col-
umn into the submergence-column of a next
following airlift-member and by a stream
under the pressure of a super-head reserve-
supply of ‘the liquid column therein, and
upon a change of. pressure arising in the

stream discharging from one uptake-col--
-umn, transmitting the force of such change

of pressure to the submergence column of
the other airlift-member and thereby pro-
portionately vary the resistance to flowage
of the stream into the said submergence col-
umn of the other airlift-member, and there-
by concurrently with an increase of the head
of one said reserve-supply and a consequent
reduction in the rate of action of one said
airlift-member, drawing upon and corre-
spondingly decreasing the head of the other
said reserve-supply to thereby produce a
counter-balancing increase in the rate of ac-
tion of the other said airlift-member of the
system.

39. A method for interactively regulating
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in a multilift uniflow airlift system the oper-
ation of three or more successive airlift-
members each of which comprises an uptake-
column provided with a coacting submer-
gence-column, said method consisting in dis-
charging the stream of liquid from each up-
take column into the submergence-column of
a next following airlift-member and by a
stream under the pressure of a super-head
reserve supply of the liquid column therein,
and upon a change of pressure arising in the
stream discharging from the uptake-column
of an intermediate airlift-member, transmit-
ting the force of such change of pressure to
the submergence column of two next ad-
jacent airlift-members, one of these being
located forwardly and the other rearwardly
in the system, fyll‘om the said intermediate
airlift-member in which said change of

pressure first arises, and thereby propor-

tionately vary the resistance to flowage of
the stream-into the said submergence col-
umns of such next adjacent airlift-members,
and thereby concurrently with an increase

-of the head of one said reserve-supply and

a consequent reduction in the rate of action
of one said airlift-member, thereby produc-
ing a counter-balancing change in the rate
of action -of two other said airlift-members
of the system.

40. The herein described improvement in
the art of air-lifting liquids in a multi-
stage airlift-system by successive stages and
in a uniflow stream, which consists, first, in
aerating a liquid main-stream in the lower
part of a first uptake pipe of the system
and thereby and under submergence-effect,
elevating this main-stream while aerated to
the upper discharge end of said first uptake
pipe; sec nd, deaerating and segregating a
peripheral portion of the main-stream at
said discharge pipe-end and passing this
segregated portion as a peripheral deaerated
stream directly into a stream-enclosing con-
duit located 1n a subsurface position and
under a super-atmospheric pressure; third,
passing upward and deaerating while under
the central
spouting-column portion of said main-
stream and converting the kinetic energy
thereof into spouting-column-head pressure
while forming the liquid thereof into a
down-flow liquid stream; fourth, reuniting
this down-flow stream with, and applying
the spouting-column-head pressure thereof
to said peripheral stream and thereby form-
ing a restored unaerated main-stream under
a super-atmospheric pressure, all of the said
operations being concurrent each with the
other. ) ’

41, The hereindescribed improvement in
the art of air-lifting liquids in a multi-stage
airlift-system by successive stages and in a
uniflow stream, which consists, first, in aerat-

ing a liquid main-stream in the lower part

1,687,264 .

of a first uptake pipe of the system and
_thereby and under submergence-effect, ele-
vating this main-stream while aerated to
the upper discharge end of said first uptake
(pipe; second, deaerating and segregating a
peripheral portion of the main-stream at
‘said discharge pipe-end and passing this
segregated portion as a peripheral deaerated
stream directly into a stream-enclosing
transfer conduit; third, passing upward and
deaerating while under later columnar en-
closure, the central spouting-column portion
of saild main-stream and converting the
kinetic energy thereof into spouting-column-
head pressure while forming the liquid
thereof into a down-flow liquid stream;
fourth, reuniting

this down-flow stream
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with, and applying the spouting-column- .

head pressure thereof to said peripheral
stream before entrance thereof into said
transfer conduit; fifth, transferring the said
reunited peripheral and down-flow streams
these now forming a restored unaerated
main-stream into a submergence column con-
necting with a second and more elevated
uptake-pipe of the airlift system, this
_stream-transference being made into said
submergence column through a stream-en-
closing conduit at a subsurface position and
under a super-atmospheric pressure, and all
of the said operations being concurrent each
with the others, and continuous during an
operating perioé of the multi-stage system.
42.- The herein described improvement in
the art of air-lifting liquids in a multi-
stage airlift-system by successive stages and
in a uniflow stream, which consists, first, in
aerating a liquid main-stream in the lower
part of a first uptake pipe of the system
and thereby and under submergence effect,
elevating this main-stream while aerated to
the upper discharge end of said first uptake
pipe; second, deaerating and segregating a
peripheral portion of the main-stream at
said discharge pipe-end and passing this
segregated portion as a peripheral deaerated
stream directly into a stream-enclosing
transfer conduit; third, passing upward
deaerating while under lateral columnar en-
closure, the central spouting-column portion
of said main-stream and converting the
kinetic energy thereof into spouting-colum-
nar-head pressure while forming the liquid
thereof into a down-flow liquid stream;
fourth, reuniting this down-flow stream
with, and applying the spouting-column-
head pressure thereof to said peripheral
stream before entrance thereof into said
transfer conduit; fifth, transferring the said
reunited peripheral and down-flow streams
these now forming a restored unaerated
main-stream into a submergence column
connecting with a second and more elevated
uptake-pipe of the airlift system, this
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submergence column through a stream-en-
closing conduit at a subsurface position and
under a super-atmospheric pressure; sixth,
repeating in and in connection with said
second uptake-pipe the several described op-
erations as conducted in connection with
said first uptake-pipe, and thereby bring
two successive aerated main-stream portions
one in each of said uptake-pipes, respectively
into a coactive and inter-regulative relation
through one intervening and deaerated sub-
mergence column, and all of the said opera-
tions being concurrent each with each of the
others.

43. In an airlift system organized for air-
lifting a liquid main-stream by a series of
successive stages and in a uniflow stream,
in combination, a first uptake pipe in po-
sition, air-supplied and connected for re-
ceiving and aerating at the lower end
thereof the said main-stream, and under
submergence-effect to upflow this main-
stream to and out of the uppdr discharge-
end of this first uptake pipe, and thus to
deliver said main-stream in the form of a
peripheral deaerating stream which sur-
rounds a eentral stream in which the aera-
tion is there concentrating with an acceler-
ating coalescence and a streams-segregating
action; a second and more elevated uptake
pipe air-supplied and connected for receiv-
ing and reaerating at the lower end thereof
the said main-stream; a submergence-
column having an unclosed upper end ex-
tending higher than the discharge-end of
said first uptake pipe, and connecting at the
lower end thereof with and thereby closing
the lower end of said second uptake pipe; a
stream-enclosing transfer conduit in posi-
tion and connected for receiving the main-
stream subsequent to a deaeration thereof,
and connecting with said submergence-
column at a subsurface position thereof,
thereby to deliver the main-stream into the
submergence column under a super-atmos-
pheric pressure; and, a laterally-enclosed
stream-deaerating top-vented column which
extends upward from, and receives said cen-
tral stream as a spouting column from said
first uptake-pipe, and also connects for de-
livering into said transfer-conduit, the said
combination elements being proportioned
and organized as herein described for sub-
jecting said peripheral and central streams
to a segregative action on these streams
nearing the discharge end of said first up-
take-pipe and passing said peripheral
stream directly to the transfer-conduit, and
for passing upward and deaerating in said
top-vented column said central stream and
forming the liquid thereof into a down-flow
stream which at said transfer conduit re-
unites with said peripheral stream thereby
forming and thereby adding spouting-head

20
pressure to a restored and deaerated main-
stream that flows through said submergence
column for supplying said second uptake-
pipe and for being therein reaerated for the
airlifting thereof through a second stage
of the series of stages.

44. In a multi-stage airlift system com-
prising a series of airlifts connected and
equipped for elevating a uniflow stream by
successive aerations and deaerations while
continuously under a super-atmospheric
pressure, in combination, two economizer-
governors_located, respectively, at succes-
sive positions and elevations in and coac-
tively connected with each other by sub-
surface streams and through a pair of col-
umns which comprises one down-flow
liquid-submergence-column non-aerated and
under super-head pressure, and comprises
one uptake column bottom-connected with
and supplied with liquid from said sub-
mergence-column, and when the system is in

operation having therein a longitudinally-

elastic aerated fluid column through which
liquid is supplied from the first and lower
said economizer-governor and - delivered
into the said second and more elevated one
of them. said second and more elevated
economizer-governor being in position and
connected for operation in a resistant manner
against said first and lower economizer-gov-
ernor, by a force transmitted, first, through
an intervening elastic column tending to
yield under such resistant action, and, sec-
ond, through a non-elastic liguid column in
said submergence column having a resistant
inertia, these two factors, of elasticity and
inertia, operating coactively sometimes for-
wardly and at other times backwardly to
create a time-interval as between a trans-
mitted impulse arising or developed in one
said economizer-governor, and the time such
impulse becomes effective on the other said
egonomizer-governor, substantially as spec-
ified. '

45. A multilift uniflow airlift system com-
prising a first uptake column and a second
uptake column arranged in successive posi-
tions and at successive elevations respective-
ly; a submergence column intermediate to
said uptake columns and open at its upper
end to atmosphere and connected at its
lower end in continuity to said second up-
take column for supplying liquid thereto,
the open upper end of said submergence col-
umn extending above the height of a liquid-
head and submergence effect normal to said
second uptake column; and means cooperat-
ing between said submergence column and
first uptake column for deaerating an aerat-
ed upflowing stream of liquid and transmit-
ting this deaerated liquid into said sub-
mergence column at a point below said open
upper end for forming thereby in said sub-
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mergence column a super-head column-in-
crement located above the flowage path of
the uniform flow stream.

46. A multilift uniflow airlift system com-
prising a first uptake column and a second
uptake column arranged in successive posi-

tions and at successive elevations respec--

tively; a submergence column intermediate
to said uptake column and open at its upper
end to atmosphere and connected at its lower
end in continuity to said second uptake col-
umn for supplying liquid thereto, the open
upper end of said submergence column ex-
tending above the height of a liquid-head
and submergence effect normal to said sec-
ond uptake column; and means cooperating
between' said submergence column and first

uptake column and connected to the first up--

take column near the upper end of said up-
take column and comprising channel means
communicating between the first means and
the upper end of the submergence column
for deaerating an aerated upflowing stream
of liquid and transmitting this deaerated
liquid into said submergence column at a
point below said open upper end for form-
ing thereby in said submergence column by
an under-flow feed a super-head column-in-
crement located above the flowage path of
the unifiow stream.

47. A multilift uniflow airlift system com-
prising a first uptake column provided with
an energy-converter located above the dis-
charge end of said uptake column and co-
operating with the uptake column; a second

- uptake column, the uptake columns being
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arranged in the system at successive eleva-
tions respectively and each being provided
with aeration means; a submergence column
intermediate to said uptake columns open

at its upper end to atmosphere and connect-

ed at its lower end for continuous flow of
liquid to the second uptake column, the open
upper end of the submergence column form-
ing a reserve-supply chamber; and means
for transmitting from a position below said
energy-converter into said submergence col-
umn at a point thereof below the line of the
discharge end of the first uptake column a
stream of unaerated liquid forming part of
the uniform stream for thereby supplying
said chamber with reserve liquid having a
plus-atmospheri¢ pressure derived from said
energy-converter.

48. A multilift uniflow airlift system com-
prising a first uptake column provided with
an energy-converter located above the dis-
charge end of said uptake column and co-
operating with said uptake column; a sec-
ond uptake column, the uptake columns be-
ing arranged in the system at successive ele-
vations respectively and each being provid-
ed with aeration means; a submergence col-
umn intermediate to said uptake columns

open at its upper end to atmosphere and

I
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connected at its lower end for continuous
flow of liquid to the second uptake column,
the open upper end of the submergence col-
umn forming a reserve-supply chamber ; and
a channel member cooperating between said
energy-converter. and the submergence col-
umn for transmitting an unaerated liquid
stream from a position below said energy-
converter into said submergence column at
a point thereof below said reserve-supply
chamber for thereby supplying said chamber
by an underfeed thereto with a reserve sup-
ply of liquid located in the submergence
column between the flowage path of the uni-
flow stream and the outlet to the atmosphere
of said column.

49. In a multilift uniflow airlift system, in
combination, a first uptake pipe; a second up-
take pipe; means for supplying air under
greater than atmospheric pressure to each of
sald pipes; a submergence pipe arranged in-
termediately to the uptake pipes and open at
its upper end to atmosphere and -connected
at its lower end for continuity of flow to
the second uptake pipe for supplying liquid
thereto, the upper end of the submergence

_pipe extending above the height of a liquid

head and submergence effect normal to the
second uptake pipe; and an energy-convert-
er comprising a lower chamber arranged
around the discharge end of the first up-
take pipe, an intermediate chamber commu-
nicating with said lower chamber, a neck
portion open at its upper end and commu-
nicating at its lower end with the interme-
diate chamber, and a member providing a
channel communicating between said lower
chamber and the submergence pipe at a
point thereof below the level of the upper
line of the discharge end of the first uptake
ipe. :
P I5)8 In a multi-lift uniflow airlift system,
in combination, a first uptake pipe; a sec-
ond uptake pipe; means for supplying air
u. der greater than atmospheric pressure to
each of said pipes; a submergence pipe ar-
ranged intermediately to the uptake pipes
and open at its upper end to atmosphere
and connected at its lower end to the sec-
ond uptake pipe for supplying liquid there-
to at a point adjacent to and below the
means for supplying air to said pipe, the
upper end of tﬁe submergence pipe extend-
ing above the height of a liquid head and
submergence effect normal to the second
uptake pipe; and an energy-converter com-
prising a lower chamber arranged around
the discharge end of the first uptake pipe,
an intermediate chamber communicating
with said lower chamber and disposed over
the discharge end of the first uptake pipe
a neck portion open at its upper end ami
communicating at its lower end with the
intermediate chamber, and a member pro-
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said lower chamber and the submergence
pipe at a point thereof below the level of
the discharge end of the first rntake pipe.

51. In a multilift unifiow airlift system,
in combination, an uptake pipe; means for
supplying air under greater than atmocs-
pheric pressure to the lower end of said
pipe; and an energy converter having a
flaring portion open at its lower end and
having a neck portion open at its upper end
and communicating at its lower end with
the upper interiof of said flaring portion;
the energy converter being disposed over
the discharge end of the uptake pipe, the
axis of the uptake pipe and the axis of said
energy converter Eemc in alignment and
the discharge end of the uptake pipe lying
substantially in the plane of the lower end
of said flaring portion.

52. In a multilift uniflow airlift system,
in combination, an uptake pipe; means for
supplying air under greater than atmos-
pheric pressure to the lower end of said
pipe; and an energy converter having a sub-
stantially straight sided lower chamber, a
flaring portion constitnting an intermedi-
ate chamber, a neck portion open at ifs up-
per end and communicating at its lower end
with the upper end of the intermediate
chamber, and a laterally extending member
providing a’ channel communicating with

8L

said lower chamber; the energy converted-

being arranged relative to the uptake pipe

so that said lower chamber surrounds the

discharge end of the uptake pipe and said
flaring portion is disposed over the dis-
charge end of the uptake pipe, the axis of
the uptake pipe and the axis of the energy
converter being in alignment, the discharge
end of the uptake pipe lying substantially
in the plane of the lower end of said flarin

portion, and the upper line of said channe
being below the level of the discharge end
of the uptake pipe. .

53. In a multi-lift uniflow airlift system
substantially as described, an energy con-
verter comprising a flaring portion open at
its lower end, and a neck portion open at its
npper end and communicating at its lower
end with the upper interior of said flaring
portion. :

54. In a multilift uniflow airlift system
substantially as described, an energy con-
verter comprising a lower chamber open at
its lower end, a flaring portion constituting
an intermediate chamber, a neck portion
open at its upper end and communicating
at its lower end with said intermediate
chamber, and a laterally extending member
providing a channel -communicating with
said lower chamber.

EDWIN M. ROGERS.
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