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.To aZZ whom it may concer/t: 

Be it known that I, ROBERT STIRLING, of  
The Anchorage, Dormans Park, Surrey, 
England, engineer, have invented a certain 
new and useful Improved Method and Appa 
ratus for Raising Liquids by Compressed 
Air,` of which the following is a specification. 

This invention relates to apparatus for 
raising liquids by compressed air. 
The object of the invention is to provide 

’ an apparatus which will work efhciently and 
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'economically in deep wells generally, >and in 
wells where the surface of the liquid is at a 
considerable depth below the surface of the 
ground andthe depth of the liquid Small in 

‘ comparison therewith. 
Various means have been tried with a view 

to improving the eiiiciency of liquid-raising 
apparatus of the air-lift type. It has hereto 
fore been proposed to so form the air and 
liquid inlets to the discharge pipepas to ob 
tain, under given conditions, the maximum; 
velocity in the discharge pipe due to the ex 
ternalliead of the liquid. In such apparatus 
the entering liquid was frequently introduced 
at a velocity which Was 8 or 10 times as great 
as the normal velocity of the mixture just 
above it. This apparatus, while an improve 
ment upon the older types of apparatus 
wherein the entering liquid had a very low 
speed, did not satisfactorily solve the prob 
lem. It has hitherto been found that 60 per 
cent. or 70 per cent. submergence was neces 
sary for-the best results, and when this sub 
mergence -was not attainable, or, in othery 
words, when the ratio of the distance of the 
.nozzle below the surface of the liquid was to 
the distance from the surface of the liquid to 
the discharge much >less than -the ratio of 9 to 
6, the well was pronounced ' unsuitable for 
air-lift pumping. » ` , 

N ow I have discovered that the efliciency 
of air-lift apparatus can be greatly improved, 

l ‘ and a steady and regular discharge obtained, 
45 

» mately equal to that _of the mixture of iq'uid` 
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. ’ above the liquid inlet 
5o 

by causing the liquid to enter therising or 
discharge pipe at a velocity which is approxi 

and air in the discharge pi e. immediately 
or in ets. The ideal 

conditions are attained when the velocity of 
the entering'liquid is precisely lthe same as 
that of the mixture above it, but _I have 
found in practice that these conditions may 
be somewhat widely departed from while 
still obtaining to a greater or less degree the 
advantages of my invention. The speed of 

the entering liquid may be somewhat below 
that of the mixture, or it may be consider 
ably above the speed of the mixture and im 
portant results still be obtained. I have 
found in practice that the velocity of the en 
tering liquid may be2 or 3 times that of _the 
mixture with good results, while if raised ma 
terially beyond this speed the efficiency of ' 

. the apparatus decreases, while with the inlet 
speed 8 o'r 10 times the speed of the mixture,` 
as in the ap aratus hereinbefore referred to, 
a considerabll 
These variations in relative speed whi'ch lie 
within the scope lof my invention are intend 
ed` to be included, for the Want of a better 
term, in the phrase “approximately equal .to 
the velocity of the mixture”, or any phrase of 
like import used herein. Generally I have 
found that satisfactory results are obtained` 
when the parts are so proportioned that the 
velocity of the entering'liquid is not greater 
than that which would be ue to a head of 10 
per cent. of ' the submergence. In other 
words, the entering liquidís given the ve- 
locity which it would have 1f permitted to 
flow unimpeded into a pipel the end of which 
was submerged 1/10 'of .the actual degree of 
submergence in practice. Under these con 
ditions a considerably greater speed is given 
to the liqui’d than to the mixture. This is 
advanta eous, as the level of the Water in a 
given We l is apt to vary greatly, and When at 
its lowest point the inlet speed is “substan 
tially reduced. Such reduction should not 
carry it `materially below the speed of the 
mixture. 
" ̀  An important feature of invention is 
that the submergence of less than 50 per cent. 
can be worked with greater advantage, the 
a paratus being adapted to be placed below 
tlîe level of the liquid at a depth‘which bears 
a ratio to the depth from the surface of the 
liquid in the well to the‘point of discharge of 
less than 4 to 6. Thus a saving is eñected 

due to length of piping, and to less air pres 
sure being necessary as'the amount of lsub 
mergence is less, and wells hitherto unsuited 
for air-lift pumps can be Worked by this 
means. By myv invention the slip of air 
through 
mum, and Waste of energy 
change of speed is obviated. 
In practicing my invention I provide a 

nozzle or nozzles for admitting the liquid in 
suitably determined volume and velocity to 

resulting from 

e drop in efficiency takes place. . 

the liquid is reduced to the mini-` 
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` the discharge pipe, rising pipe o_r the like 
from the tube, well or other source, this noz 
-zle or nozzles being adapted to restrict the 
flow of the liquid to be raised; not, as here 
tofore, with the object of obtaining the maxi 
mum' velocity ̀ dueto the external head, but 
having its passage or passages through which 
the liquid passes to the discharge pipe of such 
_dimensions as to obtain a velocity of liquid 
in and through the nozzle or nozzles equal to,  
or approximately equal to, the initial velocity 
of the mixture of liquid and air 1n the dis 
charge pipe immediately above the nozzle or 

` nozzles.' In other words, the sectional area 
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of the liquid inlet passage or passages in the 
nozzle or nozzles bears the same or approxi 
mately the same proportion to the area of the 
discharge pipe, rising pipe or the like as the 
volume of liquid passing through the nozzle 
or nozzles in a given time bears to the vol 
ume of air and liquid passing through the 
discharge pipe or the like immediately above 
the nozzle or nozzles in that time. _ 
The compressed air is admitted in the usual 

or any convenient way to the liquid in the 
discharge pipe or the like, above the nozzle 
or nozzles through which the liquid enters. 
The assage or passages above the nozzle or 
nozz es for the admission of the compressed> 
air should be of such area that little or no 
resistance is presented to the entering air. v 

Referring now to the drawings:-Figure l 
is a general view of one form of apparatus 
made in accordance with this invention, in 
which the air supply pipe is outside the dis 
charge pipe. Fig. 2 isa section of the appa 
ratus Showing the air inlet and one liquid in 
let nozzle. Fig. 3 is ageneral view ofamodi 
fied form of apparatus in which the air sup 
ply pipe is disposed outside the discharge 
pipe, Fig. 4 is a section showing an air inlet 
and one liquid inlet nozzle adapted for use 
with theì general arrangement shown in Fig. 
3. Fig. 5 is a sectional plan thereof. Fig. 6 
is a general view of a modified form of appa 
ratus in which the air supply pipe is disposed 
inside the discharge pipe. Fig. 7 is a section 
showing the air inlet and the liquid inlet com 
prising several nozzles adapted for use with 
the general arrangement shown in Fig. 6. 
Fig. 8 is a sectional plan thereof.> Fig. 9 is a 
section showing the construction of Fig. 2, 
with the tapered portion omitted. ` 

a is the well in which the apparatus is dis- _ 
posed, .b is the air supply pipe, c the dis 
charge pipe,- d the liquid inlet and comprises 
one or more nozzles, e the air inlet and fthe 

' li uid supply pipe. 
n operation, the air is forced down on to 

the surface of the liquid, vand the pressure 
thereon increases until the level of the liquid 
`is depressed sufhcientl‘y'to enable the airto 
get to the air inlet or inlets above the nozzle. 
The air then enters below the column of 
liquid in the discharge pipe, which is thus 
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partly aerated and discharged. The air con 
tinues to enter the dischargepipe, and owing 
to the relative sectional areas of the nozzle 
inlet and the discharge pipe, the quantity of 
liquid entering the discharge pipe through 
the nozzle or nozzles is automatically regu 
lated by the weight of the laerated column in 
the discharge pipe to an extent such that the 
velocity of this iniiow is equal to or approxi 
mately equal to the velocity of the aerated 
liquid in the discharge pipe immediately 
above the nozzle or nozzles, that is to say, 
above the tapered portion 76.» The inlet area 
of the nozzle or nozzles is proportioned to this 
quantity which is predetermined, and can be 
readily calculated by known methods and 
formulae used in designing air lift pumping 
apparatus, taking into account the quantity 
of liquid which can be economically dis 
charged thrcugh a pipe of-given area, and the 
ratio between the quantities of air and liquid 
depending on the height of lift andthe depth 
of submergence. As the inlet is restricted 
so that the liquid enters the discharge pipe at 
the same or approximately the same velocity 
as the initial velocity of the mixture of air and 
liquid and as the volume is such that it is suf 
iiciently lightened to form a rising column by 
the entering air then slip of the air through 
the liquid is avoided and there is practically 
no waste of energy due to change of speed 
and the efficiency of the apparatus is estab 
lished. . ` i ' 

The proportions just indicated may be va 
ried considerably without departing from the 
invention. Preferably the velocity of the 
incoming liquid is exactly that of the rising 
mixture, but as the depth of submergence is 
a factor in the velocity of the entering liquid, 
and as the'height of the water in most wells 
and hence the degree of submergence is va-  
riable, such precise velocities cannot in most 
cases be attained. Preferably the parts are 
so proportioned that the speed of the liquid 
and mixture are equal at the low-water 
point of the well, so that when the water is 
above this level the speed of the liquid be 
comes greater than that of the mixture. In 
most cases the variations can be provided for 
by proportioning the nozzle so that the ve 
locity of the liquid is not greater than that 
which would be due to a head of 10 per cent 
of the submergence. . i 

In theform shown in Figs. l and 2, the dis 
charge pipe ‘ c is disposed concentrically 
within the compressed air pipe b and only one 
nozzle is used in the' air inlet d. The pipes l) 
and f are connected by a socket g provided 
with a ledge h adapted to support the dis 
charge pipe c provided with the air inlet e 
and the liquid inlet d in such a way that com 
munication between the pipes f and c can 
only take place through the nozzle d. is a 
ring of suitable material disposed on the ledge 
h so as to make this tight joint. 
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7c is a passage at the foot of the pipe c and 
the air inlet e which is connected to the 

’ pipe l) by several small holes, is of annular 
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form and is directed upwardly into the pas 
sage 7c. This passage 7c is vvfor the purpose of 
providing an easy flow into the discharge 
pipe c'. y . 

In the form shown in Figs. 3 and 4 and 5 
the discharge pipe c’ is outside and inde 
pendent of the air pipe 1)’. The nozzle d’ is 
disposed inthe socket g’ and is surrounded 
by the upwardly directed air inlet e’ which is 
connected to thc air pipe b’ by a passage min 
the socket g’. ' 

In the form shown in Figs. 6, 7 and 8 the 
air pipe b"l passes concentrically down the dis 
charge pipe c2 and terminates in a head 
adapted to fit tightly in the pipe czby means 
of a band n of any suitable material.- The 
air inlet is shown at e2. The liquid inlet d2 
comprises several nozzles which are carried 
by the head and open into the annular pas 
sage Ífz at the foot of the discharge pipe c2, 
the combined area of said nozzles being equal 
to the area of 'the single nozzle proportioned 
as above described. Similarly several nozzles 

' may be substituted for a single one in the 
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liquidv inlets of the forms shown in Figs. 1 to 
5, the total area of the inlet always being 
proportioned as above described. ' 

In each of the forms hereinbefore referred 
to there is provided a tapering portion such 
as k' 7a2 to permit an easy flow in_to the dis 

i charge pipe. Such passage is not necessary 
and may bc omitted, asis shown in Fig. 9, 
which is in other respects substantially like 
the form shown in Fig. 2. 
What I claim and desire to secure by Let 

ters Patent is :à ‘ 

1. ln the raising of liquids by compressed 
air wherein a current of air is introduced into 
a discharge pipe which is in communication 
with the liquid below the level of the latter 

` the method which consists in introducing the 
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liquid into such Apipe atiapproximately the 
same velocity as that attained by the up-` 
wardly moving mixture of liquid and air im 
mediately beyond the point of introduction 
of said liquid. 

2. In the raising of liquids by-compressed 
air >wherein a current of air is introduced into 
a discharge pipe which is in communication 
with the liquid below the level of the latter, 
the method which consists in -introducing 
the liquid into such pipe through a nozzle, 
the sectional area of whichis so restricted with 
relation to that of said pipe at a pointl im 
mediately above such nozzle that the veloc 
ity of said liquid passing said nozzle is ap 
proximately equal to that of the mixture of 

, air and liquid passing such point. 
3. The method of raising liquid which con 

sists in submerging the end of a pipe in such 
liquid, introducing a current of air thereinto 

' at a point below the surface thereof, and re 

lthat its velocity is approximately 
stricting the iniiow of liquid into such pipe so . 

equal to 
that of the upwardly moving current of air 
and liquid. . -’ y 

» 4. In an air lifting apparatus for liquids, va 
discharge pipe, an air inlet thereto, and aliq 
uid inlet thereto, the cross sectional area of 
said liquid inlet and said discharge ipe being 
so proportioned that the Huid) passing 
'through said liquid inlet and that. portion of 
said pipe immediatelybeyond the same shall 
move at approximately the same velocity. 

5. In an air lifting apparatusfor liquids, a. 
discharge pipe, an _air inlet thereto, and a 
nozzle adapted to introduce the liquid intoy 
such pipe, said pipe and nozzle having their 
cross-sectional areas so proportioned that the 
fluids passing through said nozzle and that 
portion of said pipe which is immediately be 
yond the same shall move at approximately 
the same velocity. ' ' 

6. In an apparatus for raising liquid by 
compressed air wherein a current of air is in 
troduced into a discharge pipe which is in 
communication with the Vliquid below the 
level of the latter, a discharge'pipe so pro 
portioned with relation to the liquid inlet 
that the liquid introduced into suchV pipe 
shall move at approximately the same‘v-eloc 
ity as that attained by the upwardly moving 
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mixture of liquid and air immediatelybeyond v 
the 
air. 

7 _’ In the raising of liquids by compressed 
air wherein a current of air is introduced into 
a discharge pipe which is in communication 
with the liquid'below the level of the-latter 
the method which consists in introducing the 
liquid into such 4pipe at a velocity approxi 
mately equal to that of the mixture of liquid 
and air above the liquid inlet, but not 
greater than that due to a head of 10%gof 
submergence. 

8. 'In the raising of liquids by compressed 
air wherein a current of air is introduced. into 
a discharge pipe which is Ain communication 
with the liquid below the level of the latter 

point of introduction of the liquid and 

’ the method which consists in introducing the 
liquid into >such pi e through anozzle the sec~ 
tional area of whidh is so restricted with rela 
tion to that of said pipe at al point immedi 
ately above such nozzle that the velocity of 
said li uid passing said nozzle is not` greater 
than t at dueto a head of 10% of> submer 
gence. ' . 

9. The method of raising liquid which con~ 
sists in submer'g'ing the end of. a pipe in such 
liquid, introducing a current of air thereinto 
at a point below the surface thereof, and rè 
stricting the iniiow of liquid into such pipe so 
that its velocity is not greater than that due 
to a head of 10% of submer ence„ whereby 
the velocity'of the entering iquid approxi 
mates that of the mixture above it. 

l0. In an air lifting apparatus for liquids, a 
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discharge pipe, an air inlet thereto, and a 
liquid inlet thereto, the cross-sectional areas 
of said liquiddnlet and  said discharge pipe 
being so pro ortioned that the fluids passing 
through sai liquid inlet and that portion of 
said pipe immediately beyond. the same shall 
move at a velocity not greater than that due 

i'  to a head of 10% of submergence. 
11. In an air lifting apparatus for liquids, 

a discharge pipe, an air inlet thereto, and a 
nozzle adapted to introduce the liquid into 
such pipe said pipe and nozzle having their 
cross-sectional areas’ so proportioned that 
the fluids passing 4through said nozzle and 
that portion of said pipe which is immediately 
beyond the same shall move at a velocity 
not greater ythan that due to ahead of 10% of 
submergence.` 

12. In an’apparatus Jfor raising liquid by 
compressed air wherein a current of air is in 
troduced into a discharge pipe which is in 
communication with the liquid below the 
level of the latter', a discharge pipe so pro 
portioned with relation to lthe liquid inlet 
that the liquid introduced into such pipe 
shall move at a velocity not greater-than that 
due to a head of 10% of submergence. 

13. In the raising of liquids by compressed 
. air wherein a current of air is introduced into 
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a discharge pipe which is in communication 
with the liquid below the level of the latter, 
the method which consists in introducing the 
liquid into such pipe through a plurality of 
nozzles the sectional area of which is so re 
stricted with relation to that of said pipe at a 
point immediately above such nozzles that 
the velocity of said liquid passing said noz 
zles is ap roximately equal to that of the 
mixture or air'and liquid passing such point. 

14. In an air‘lifting apparatus for liquids, 
a discharge pipe, an air inlet thereto, and a 
plurality of nozzles adapted to introduce the 
liquid into such pipe .said pipe and nozzles 
having their cross-sectional areas so pro 
portioned that the iiuids passing through 
said nozzles and that 4portion of said pipe 
Awhich is immediately beyond the same shall> 
move at approximately the same velocity.' 

15'. In the raising of liquids by compressed 
air wherein a curre`nt ofsa1r is introduced into 
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a discharge pipe which is in communication 
with the liquid below the level of the latter, 
the method which consists in introducing the 
liquid into such pipe through a plurality of 
nozzles the sectional area of which is so re 
stricted with relation to that of said pipe at 
a point immediately above such nozzles that 
the velocity of said liquid passing said noz 
zles is not greater than that due to a head of 
10% of submergence. 

16. In an air lifting apparatus for liquids, 
a discharge pipe, an air inlet thereto, and a 
plurality of nozzles adapted to introduce the 
liquid into such pipe said pipe and nozzles 
having their cross-sectional areas so pro 
portioned that the fluids passing through said 
nozzles and that portion of said pipe which is 
immediately beyond the same shall move at 
a velocity not greaterthan that due to a head 
of 10% of submergence. 

17. The combination with a well or the 
like7 of an air lifting apparatus having a 
liquid inlet at a predetermined depth of sub 
mergence, and a ,discharge pipe for the mix 
ture of air and liquid beyond said inlet, said 
inlet and discharge pipe immediately be 
yond said inlet being so proportioned with 
relation to the depth of submergence that 
the incoming liquid flows at approximately 
the same lvelocity as the mixture in such por 
tion of the discharge pipe. « 

18. The combination with a well or the 
like, of an air lifting apparatus having a dis 
charge pipe, and a nozzle ada ted to intro 
duce liquid into such pipe, suc nozzle being 
arranged at a predetermined depth of sub 
mergence, Said pipe and nozzle having their 
cross-sectional areas so proportioned with 
relation to the depth of submergence that 
the incoming liquid flows at approximately 
the same velocity as the mixture of air and 
liquid in said discharge pipe immediately be 
yond said nozzle. 

In witness whereof, l have hereunto si ned 
my name in the presence of‘two subscri ing 
witnesses. , 

ROBERT STIRLING. 
l.lìlïitnessesz ' 

REGrNALD EATON ELLIS, 
ROBERT MILTON S'SPEARPOINT. 
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