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This invention relates to an air lift system 
which is peculiarly adapted for the transfer of 
liquids from one receptacle over a high elevation 
to another receptacle and has for its principal 
objects the provision of a novel method, as well as 
a simple, compact and durable apparatus for a C 
Complishing such purpose. 

Heretofore as I am well aware, it has been pro 
..posed, as set forth in the Pohle Patents. No, 
338,295, 347,196 and 487,639 to employ an air 
lift wherein a compressed fluid, such as air or 
steam is introduced into the intake end of the delivery pipe or at different points along a ver 
tical leg of the same for the purpose of raising 
water, petroleum oil, sewage and the like to a 
relatively great elevation a? compared with that 
obtainable by means of a vacuum pump, un 
assisted by an air lift, such liquid being conveyed 
thru the delivery pipe either in the form of a 
Column of intimately commingled air and water, 
the former being present in the form of small 
bubbles, or else in the form of a column com 
posed of alternate layers of air and liquid. Ac 
cordingly I do not broadly claim herein the em 
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ployment of the air lift principle for the purpose 
of the transfer of liquid from one receptacle to 
another. 
My invention is fully disclosed in the following 

detailed Specification and drawing forming a part 
thereof in which latter 

Figure 1 is an elevation of my improved pump 
ing apparatus showing the same in position on a 
slop tank adjacent a marine vessel, the double 
bottoms of which are being cleaned with such 
apparatuS. 

Figure 2 is a detailed vertical section of the 
booster employed in said apparatus, and 
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Fig. 3 is a detailed vertical section, partly in . 
elevation of the reliever element taken on the 
line 3-3 of Fig. 1. 

Referring to the drawing and the construction 
shown therein, the reference numeral desig 
nates the hull of an oil-burning marine vessel, 
2 the fuel oil tanks in the double bottom thereof, 
3 the deck, 4 the hatch opening and 5 the rail of 
Said hull. Alongside the vessel a slop barge 6 is 
noored. . 
One leg of a delivery hose 0 is suspended with 

in the vessel, the same passing up through the , 
hatch and over the rail 5 to the pumping equip 
ment, hereinafter described, mounted on said 
barge. A steam booster or ejector nozzle is in 
terposed in the delivery hose to at a point distant 
fron the intake end thereof, and preferably be 
tween the first and second lengths of hose, i. e. 

(C. 03—5) 
at a distance of about 25 ft. from said intake 
end. 
The said steam booster comprises an elongated 

Outlet nozzle or reducer member which is 
coupled by means of a union f2 to an abbreviated 
intake nozzle 13. Said member í l preferably has 
an internal diameter of about 3', adjacent its 
lower end and the abbreviated intake nozzle has 
an internal diameter of 4' at its intake end and 
an internal diameter of 3' at its discharge end. 
A spacerring 4 serves to form an annular passage 
f5 between the inner face of the lower end of the 
outlet nozzle. If and the outer face of the upper 
end of the intake nozzle f3, which passage can be 
regulated to any predetermined width, the same 
preferably being about is' to is'. clearance or 
width, the latter corresponding in cross-sectional 
area to about 25% or so of the cross-section of 
the 3' bore of said booster or some 15% of the 
CrOSS-Sectional area of the 4' hose to which it is 
attached. As shown, said union has a tapped 
aperture 6 which opens into an annular cham 
ber 7 which surrounds the nozzle f3 and is in 
communication with said aperture 5. A coupling 
of a steam supply line f8 is threaded into said 
tapped aperture 16. 
An elbow 20 is interposed in the hose f O at a 

short distance from its point of discharge into the 
top of a reliever member 2 f, which latter (see 
Fig. 3) comprises a housing having a central 
sleeve portion 22 that is in permanent communi 
cation with the hose 0 and is adapted to dis 
charge into the main chamber of Said reliever, 
which latter has a converging bottom portion 
that is tapped, as designated by the numeral 24, 
to receive a conduit foa which in turn constitutes 
a continuation, in effect, of the delivery hose f O. 
An aperture 25, formed in the lateral wall of 

the reliever, serves as a discharge outlet for air 
and steam that collects in the top of said main 
chamber of the reliever member. A relief valve 
26 is mounted on the wall of said reliever mem 
ber and is in permanent communication with the 
interior thereof. Said relief valve, in practice, 
is set to relieve the vacuum should the same tend 
to exceed the optimum vacuum desired in said 
receptacle. A hose 27, which is connected to 
Said discharge aperture 25, serves to conduct 
either mixed air and steam or else when no air 
has been admitted, then steam alone from the 
chamber to an air pump 28 preferably of the 
steam ejector type from which such gas or gases 
are discharged into pipe 29 and thence delivered 
either into the said slop tank or into a separate 
receptacle. A valve-controlled steam line 8 
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Serves to Supply steam to the said ejector pump 
28. 
A Conduit 30 communicates with the chamber 

opposite the inner end of conduit 27, said con 
duit having a clapper valve 3 interposed there 
in. Said conduit 30 communicates at its lower 
end With the Suction chamber or So-called “low 
Side' of a duplex force pump 32 and with which 
chamber the conduit Oa, also communicates, A 
discharge conduit 33 which is in communication 
With the compression chamber or so-called “high 
Side' of Said pump 32, Serves to discharge sludge 
drawn into the pump from the conduit Oa into 
the slop tank of the barge 6. 
My improved method of operation, unlike the 

"high Vacuum' method disclosed in Patents Nos. 
1405,173 and 1,480,482, does not primarily depend 
for its operation upon the creation of a high 
vacuum of 25' to 28' of mercury in an overside 
receptacle for the purpose of creating an inrush 
of air at high Velocity of Some 800 ft. per second 
into the intake nozzle but, on the contrary, my 
method of operation, being primarily due to the 
Oush-and-pull action of the steam booster inter 
posed in the intake line, will operate effectively 
With even an extremely low vacuum existing in 
the reliever 2? during the actual pumping opera 
tion, for example but about 10’’ to 12'' of mercury. 
When a vacuum of 10’’ to 12 of mercury is 

maintained in the reliever 2, which may be ap 
propriately termed a vacuum separator chamber, 
the maximum temperature of the saturated steam 
discharging from the line into the reliever will 
be Well below 212°F., the temperature of saturated 
Steam at atmospheric pressure as will be appar 
ent by reference to any accepted steam table, such 
for example as the table appearing in the book 
entitled “Porters Steam Engine Indicator,' which 
work is widely accepted as standard by American 
engineers and from which the figures for the 
temperatures of Saturated steam at various sub 
atmospheric pressures were taken for the table 
entitled "Properties of saturated steam' at page 
663 of "Kents Mechanical Engineers Pocket 

; Book” published by John Wiley & Sons, New York, 
1910. As will be apparent by reference to said 
table "Properties of saturated steam', the tem 
perature of Saturated steam at sub-atmospheric 
pressures ranging from 10’’ to 12' of mercury 
Will be even less than 193.2 F., which latter tem 
perature is that of steam under a vacuum of 9.56' 
of mercury. 
When the Operation is conducted with the in 

take nozzle completely Submerged in the sludge, 
it has been found that the amount of sludge 
pumped is at least 4 to A greater than if the 
nO2Zle is but partially submerged in the manner 
shown in Fig. 1. 

Furthermore, in actual operation, with the 
relief valve 26 Set to relieve at a pressure of 12' 
of mercury, and when introducing steam at a 
pressure of about 80 lbs. per Square inch at the 
booster, and with the intake nozzle but partially 
Submerged as indicated in Fig. 1, there will be 
but about 3' to 6' of vacuum immediately below 
the booster and at a point adjacent, but above, 
the booster the conditions in the system will 
fluctuate from a vacuum of between 2A2' and 4' 
of mercury to an occasional pressure of 5 lbs. 
though usually at this latter point in the line, the 
vacuum is fairly steady around 2% of mercury 
throughout the pumping operation. This is in 
contrast to a vacuum Well in excess of 20' of 
mercury in those cases where a vacuum of 28' 
is pulled on the overside receptacle and air is being 
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admitted in small quantities at the intake nozzle, 
AS Will be apparent from the foregoing, if the 

ring aperture 5 is of a size equal to 25% of the 
CrOSS-Section of the 3' bore of the booster, then 
if the steam pressure at the point of entrance into 
this aperture is 80 lbs., the sludge which has been 
drawn into the booster by the Suction induced by 
the forwardly projected steam current, will be 
pushed forward at this point with a force of 20 
lbs. or double the effective force, measured in 
pounds, of a vacuum of 20' and which latter is 
about the maximum. Vaculin it is possible to 
Create in the intake nozzle of a transmission line 
where air is being simultaneously admitted into 
the intake nozzle of Such line in the manner cuS 
tonnarily employed in the aforesaid “high vacuun' 
method of Operation. 

In those cases where it is impossible to con 
pletely submerge the intake nozzle, due to the 
lack of depth of the liquid sludge in the tanks 
which are being cleaned, it is, of course, necessary 
to admit air to the intake nozzle along with the 
Sludge, but owing to the adaptability of my proc 
eSS to either situation, the pumping operation will 
proceed Smoothly upon the admission of the air, 
though less efficiently than when no air at all is 
admitted to the intake nozzle. 
My improved System of pumping sludge and 

other liquids is ideally adapted for removing oil 
Sludge from the double bottoms of oil-burning 
marine vessels which operations frequently re 
quire that the pumped sludge be elevated to 
heights much in excess of 34 feet, the maximum 
lift by straight suction, these lifts frequently being 
from 45 ft. to 50 ft. or more. Furthermore, by 
inerposing in the line additional boosters above 
the position of the booster shown in Fig. 1, say 
at intervals of 25 ft., it is possible to elevate the 
pumped sludge to much greater heights, say 100 
or more feet. Likewise, my improved system is 
especially adapted for removing the oil residuum 
from refinery tanks located near but not neces 
sarily at the water front, because the force pump 
32 employed renders it possible to convey the 
pumped material a thousand feet or so, as is often 
required, in order to deliver it to a slop barge 
in the neighboring harbor, whereas if such pump 
Were not employed, it would be necessary to have 
the Slop tank in close proximity to and consid 
erably below the reliever 2 into which latter the 
Sludge WOuld be primarily delivered from such 
Storage tank. 
The function of the conduit 30 and clapper 

Valve 3 is to insure that substantially the same 
Sub-atmospheric pressure will normally exist in 
the "low side' of the pump 32 at the moment of 
the commencement of the Suction impulse as 
exists in the receptacle 2 and consequently the 
maximum suction effect of the pump can be real 
ized and the material entering the receptacle 2 
through the sleeve 22 will be delivered primarily 
by gravity through the conduit foa and into the 
"low side' of the pump from which it passes to 
the “high side' of the pump and is thence dis 
charged through the outlet conduit 33 in the 
well known manner. Should, however, the pres 
Sure in the receptacle 2 for any reason increase 
beyond that existing in the "low side' of the 
pump, then the clapper valve 3 will close during 
the period that such excess pressure continues 
to exist in the receptacle 2 and consequently the 
pumped sludge will still continue to flow, due to 
gravity, into the conduit Oa and thence to the 
low side of the pump 32 while at the same time no 
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4. 
means for admitting an annular, high pressure 
fluid jet into the intake leg of the line for develop 
ing a moderate vacuum in the intake end of the 
line in order to suck the materials to be pumped 
through said intake and into said jet, a separator 
chamber in communication both With said vacuum 
creating means and with the discharge end of 
Said transmission line, which chamber serves to 
Separate the gaseous and liquid materials from 
each other, means in communication with such 
Separator chamber for forcibly discharging the 
Separated liquid material into the atmosphere, 
including a suction pump, and means for equal 
izing the pressures in the suction side of the pump 
and said Separator chamber. 

5. The continuous method of pumping viscous 
material, which comprises maintaining the intake 
Orifice of the intake leg of a transmission line in 
contact with viscous material to be pumped, while 
admitting a high pressure steam jet into said in 
take leg at a point, beyond its intake end in the 
direction of fioW to thereby create Sufficient 
vacuum in such intake end to rapidly suck the 
viscous material thereinto, then continuously ef 
fecting the transmission of said viscous material 
through the line and into a separator chamber 
immediately associated with the discharge end of 
Said line while continually maintaining a mod 
erate vacuum pressure in such chamber to mini 
mize condensation in the line and conserve the 
propelling efficiency of such jet, effecting the 
gravity Separation in Such chamber of the pumped 
Wiscous material from the pumped gaseous ma 
terial and continually removing the separated 
gaseous material from the upper portion of said 
chamber while simultaneously removing the Sep 
arated viscous material from the lower portion 
thereof. - 

6. The continuous method of pumping viscous 
material to an elevation, which comprises par 
tially submerging the intake end of a transmis 
sion line in viscous material to be pumped, while 
admitting a high pressure steam jet into Said 
line beyond said intake end in the direction of 
flow, to thereby create sufficient vacuum in Such 
intake end to rapidly suck viscous material and 
air thereinto, then continuously effecting the 
transmission of viscous material, air and steam 
through the transmission line and into a chamber 
of substantially greater cross-section than that 
of said transmission line while continually main 
tainifig a moderate vacuum pressure in said 
chamber to minimize condensation in the line 
and conserve the propelling efficiency of such 
jet, effecting the gravity separation in Such cham 
ber of the pumped viscous material from the 
pumped gaseous material and continuously re 
moving the separated gaseous material from the 
upper portion of said chamber while simultane 
ously removing the separated viscous material 
from the lower portion thereof. 

7. The continuous method of pumping viscous 
material, which comprises continuously admitting 
an annular high pressure Steam jet into a trans 
mission line at a point beyond the intake end 
thereof in the direction of flow and creating an 
uninterrupted moderate vacuum at the intake end 
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while maintaining the intake orifice thereof comi 
pletely submerged in viscous material to be 
pumped while excluding the admission of atmos 
pheric air into the transmission line in advance 
of the location of said steam jet and also simul 
taneously creating a moderate vacuum at the 
discharge end of said transmission line so as to 
minimize condensation in the line and to conserve 
the propelling efficiency of such jet and to there 
by effect the gaseous-bubble-and-liquid-piston 
transmission of such viscous material through 
Said line, delivering the viscous material so trans 
mitted through the line into a vacuum separator 
chamber which is in permanent communication 
With the suction line and, while maintaining a 
moderate vacuum therein, continuously effecting 
the gravity separation of the pumped viscous 
material from the pumped gaseous material while 
simultaneously forcibly and separately discharg 
ing said pumped viscous and gaseous material 
from Said vacuum chamber. 

8. In a pumping apparatus, the combination 
comprising a transmission line, means for de 
livering a steam jet into said transmission line at 
a location adjacent, but not at, the intake orifice 
thereof, a vacuum Separator adjacent the dis 
charge end of the transmission line and into 
which said line delivers material conveyed there 
through, a force pump associated with said sep 
arator for removing the separated liquid there 
from, means for separately withdrawing gaseous 
material from said separator and equalizing 
means, including a conduit having a check valve 
interposed therein, for substantially equalizing 
the absolute pressure in the upper end of the 
Separator chamber and the Suction side of the 
force pump at the moment of and just prior to 
the commencement of the Suction stroke of the 
plump. 

9. The continuous method of pumping viscous 
material, which comprises continuously admit 
ting an annular high pressure steam jet into a 
transmission line at a point beyond the intake 
end thereof in the direction of flow and creating 
an uninterrupted moderate vacuum at the intake 
end while maintaining the intake orifice thereof 
in contact with viscous material to be pumped, 
conveying the pumped viscous and gaseous ma 
terial through said transmission line and into 
a separator chamber adjacent the discharge end 
Of Said transmission line in which a moderate 
vacuum is being continuously maintained, effect 
ing the gravity separation in said chamber of the 
transmitted viscous and gaseous material, with 
drawing the separated viscous material from the 
lower portion of the separator chamber into the 
low pressure side of a Suction pump while main 
taining independent communication between the 
upper portion of the separator chamber and the 
low side of the pump, to equalize the absolute 
pressures therein up to the very moment of the 
commencement of the suction stroke of the pump, 
and forcibly discharging the pumped viscous 
material from said pump while separately with 
drawing the pumped gaseous material from the 
upper portion of Said Separator chamber. 

BENGT OLSSON. 
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