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EMPTYING SYSTEM FOR FLUID TANKS 

This invention relates to a method of emptying a 
cargo oil tank or another container for oil or another 
liquid by means of a centrifugal pump, the suction pipe 
of which is connected to the container through a sepa 
rator tank or the like, which is provided for separation 
of gas (air) and/or vapor, which follows the liquid into 
the separator tank.‘ 
The invention further relates to an apparatus for car~ 

rying out this method which comprises a cargo oil tank 
or another liquid container and a centrifugal pump 
which is provided for emptying said container and has 
its suction pipe connected to the container through av 
separator tank which is provided for the separation of 
gas (air) and/or vapor from the liquid on its way from 
the container. to the pump. 
Formerly there were utilized for the discharge of 

tankers at the initial stage of the pumping, big primary 
pumps (centrifugal pumps) which carried out the 
whole discharge operation up till the ?nal stage, when 
only a little oil was left, after which the concluding 
emptying (the so-called stripping pumping‘) was contin 
ued by means of special pumps which did not lose their 
suction ability when gas and vapor were sucked into the 
pump together with oil, and on account hereof cease 
pumping, as centrifugal pumps do. These so called 
stripping pumps have a low capacity which entails a 
comparatively long discharge time. 
As the dimension of tankers increased, the time for 

the stripping pumping also increased correspondingly 
and gradually exceeded acceptable values. 
On account hereof different systems have been de 

veloped for making possible stripping pumping by 
means of the big primary pumps which generally are of 
the centrifugal type. Common to at least some of these 
systems is the fact that they comprise a separator tank 
which constitutes a liquid reservoir for the cargo oil 
pump and in which gas (air) and/or vapor (in the fol 
lowing jointly called “gas” for the sake of brevity) is 
separated from the oil which ?ows into the suction pipe 
of the pump. In the system in question the quantity of 
oil which is transported by the pump per unit of time 
is reduced during the stripping pumping depending 
upon the liquid level in the separator tank. To make 
this possible there is required, however, among other 
things a vacuum pump, for maintaining a vacuum or 
underpressure in the separator tank and for evacuating 
gas which is separated therein, and extensive control 
ling and checking equipment for the centrifugal pump, 
as well as for the vacuum pump. 
On account of the above, the principal object of the 

invention is to simplify the stripping pumping and the 
equipment necessary therefor. This object is achieved 
according to the method of the present invention by the 
fact that the gas (air) and/or vapor in the separator 
tank is mixed in the form of bubbles into the liquid on 
the suction side of the centrifugal pump and is evacu 
ated distributed in the liquid together therewith by the 
centrifugal pump. In concert herewith the apparatus 
according to the invention is characterized by the pro 
vision of means for recirculating liquid from the pres 
sure pipe of the pump to a device, which is suitably lo 
cated in the separator tank, for mixing gas (air) and/or 
vapor which is present in the separator tank, in a more 
or less ?nely diffused form into the recirculated liquid, 
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2 
and means for introducing the gas-liquid mixture into 
the inlet of the pump. 
The basic principle on which the invention is based 

resides in the concept of ?nely diffusing gas, which has 
penetrated into the suction pipe of the pump, in such 
a way that the gas-liquid mixture becomes pumpable. 
By transporting the gas through the pump in this way 
the pressure created by the pump drops on account of 
the decrease in density of the pump ?uid due to the gas 
introduced therein. The decrease in pressure has the 
consequence that the quantity of ?uid pumped will de 
crease. Furthermore, part of the gas may be separated 
out in the pump wheel and thereby block part of the 
?ow space, which also leads to a decrease in the ?ow 
of ?uid. This drop in the flow of ?uid will, in its turn, 
have the consequence that the leakage of gas into the 

_ suction pipe is reduced. Thus, gas which penetrates 
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into the suction pipe is utilized for controlling the quan 
tity of liquid pumped, so that a balance is reached be 
tween the leakage of gas into the suction pipe and the 
capability of the pump to pump air. 
To prevent the pump from “dropping” on account of 

gas separation in the pump wheel, e.g. at a small flow 
of liquid in the suction pipe of the pump (before the 
separator tank), part of the liquid being pumped is re 
circulated from the pressure pipe of the pump to the 
separator tank, in a preferred embodiment of the in~ 
vention. The energy of the recirculated liquid is utilized 
to ?nely diffuse the air separated in the separator tank, 
in the liquid being pumped. Preferably, the liquid level 
in the separator tank governs the amount of gas which 
is mixed with the liquid, and accordingly also the vol 
ume of the ?ow through the pump. 
On account of the principle of operation of the sys 

tem, regulation is obtained only when necessary, i.e. 
when there is gas in the separator tank. The evacuation 
of gas does, therefore, not require separate air or vac 
uum pumps, as in prior systems, since according to the 
invention, the gas follows the pumped liquid through 
the centrifugal pump. 
Further features and advantages of the method and 

the apparatus according to the invention will become 
apparent from the following detailed description and 
the annexed drawings which diagrammatically, and as 
non-limiting example, illustrate some preferred em 
bodiments of the invention. 
FIG. 1 illustrates in side view and in a very simpli?ed 

way the principal parts of a pump system which is de 
signed according to the invention. 
FIG. 2 illustrates in the same way a modi?cation of 

the system according to FIG. 1. 
In the drawings 1 designates a suction pipe which 

comes from a cargo oil tank 14 or from another arbi 
trary container, and 2 a separator tank which in its 
lower portion is connected to the inlet piece 4 of a 
cargo oil pump 3 or the like. For safety reasons, partic 
ularly to ensure that the pump always shall get liquid, 
the inlet of the suction pipe 1 in the separator tank 2 
is located in the upper portion thereof according to 
FIG. 1. In the alternative embodiment according to 
FIG. 2, in which same reference characters have been 
utilized to designate the same or similar details, the sep 
arator tank is, by means of a vertical intermediate wall 
5, divided into an inlet portion 2a and an outlet portion 
2b which have a connection with each other only above 
the upper edge of the intermediate wall 5. The cargo oil 
pump 3 has a pressure pipe 6 which, in a conventional 
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manner is provided with a non-return valve 7. A return 
or feed back-conduit 8 is branched off from the pres 

‘ sure pipe 6 from the lower side of a suitably substan 
tially horizontal portion of the pressure pipe, which 
preferably is located comparatively high above the 
pump 3, where gas and oil have had time to separate so 
that only liquid is returned through feed back conduit 
8. The return conduit opens into a gas introduction or 
admixing device which is suitably located in the separa 
tor tank 2, or in its outlet portion 2b respectively. and 
is preferably of the jet pump or ejector type. This gas 
introduction device, which is generally designated 9, 

' opens into or near the outlet of the separator tank or 
in the inlet piece 4 of the pump. The return conduit 8 
is provided with an adjustment or shut off valve 10 
which is operated automatically by a liquid level switch 
11 or in another suitable manner depending upon the 
liquid level in the separator tank. , - , 

To the gas introduction device there also leads a sub 
stantially vertical gas tube 12 which is located in the 
separator tank and has small orifices or nozzles 13 
which are provided in the tube wall and have a suitable 
area and a suitable mutual spacing. On account of the 
velocity of the recirculated fluid in the gas introduction 
device 9, the liquid absorbs or sucks off gas in ?nely 
diffused form, i.e. in the form of bigger or smaller bub 
bles, from the separator tank 2 into the pump 3. The 
recirculated liquid has a greater velocity than the liquid 
not recirculated in the inlet piece 4 of the pump. The 
device is, to the greatest extent possible, designed in 
such a way that the gas-liquid mixture becomes so uni 
formly small bubbly that the mixture becomes pump 
able. If necessary the gas-liquid mixture recirculated to 
the pump 3 may be introduced directed directly to 
wards the inlet of the pump wheel for breaking down 
,possible accumulations of gas there. Instead, or as a 
supplement hereof, the mixture may be introduced into 
the inlet of the pump in such a way that a suitable pre 
rotation is created therein. Furthermore, the tube 12 
may be provided with a slidable nad/or rotatable sleeve 
or the like which is so arranged that it covers a desired 
number of ori?ces by beeing displaced or rotated. 
Thanks to this arrangement the advantage is gained 
that the total area of uncovered ori?ces may be 
adapted to the capability of the pump to pump air, at 
every particular instance of operation. 
The liquid level in the separator tank controls the 

amount of gas to the tube 12 by permitting gas to reach 
the gas introduction or admixing unit 9 solely through 
those orifices in the tube 12 which are situated above 
the liquid surface. 
The mode of operation may be summarized as fol 

lows: 
During normal discharge of oil from the cargo oil 

tank through the suction pipe 1 by means of the centrif 
ugal pump 3, i.e., before said tank starts to get empty, 
the separator tank 2 is full of oil and the pump 3 thus 
just pumps plain oil. When most of the oil in the cargo 
oil tank has been evacuated, i.e. during the ?nal stage 
or the so called stripping pumping, air is sucked into 
the suction pipe 1 from the cargo oil tank. The liquid 
level in the separator tank 2 drops and the air sucked 
in separates from the oil in the separator tank 2 and ac 
cumulates above the oil surface therein, as is known in 
the pump art. 
When the liquid surface in the separator tank has 

dropped to a predetermined level, switch 11 opens 
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4 
valve 10 for recirculating oil from the pressure pipe 6 
to the centrifugal pump inlet 4 through the return con 
duit 8 and the gas introduction device 9.\Since the re 
circulated liquid hasa comparatively great velocity it 
sucks off air or gas from the separator tank 2 through 
those of the orifices 13 which are not covered by the 
oil in the separator tank 2, and introduces this air in 
?nely diffused form into the pump 3. By thus evacuat 
ing the gas, diffused into or mixed with the oil by the 
centrifugal pump, the self-adjusting effect referred to in 
the opening paragraphs of this speci?cation is attained. 
At a low liquid level a greater number of ori?ces are 

uncovered and a great quantity of gas is mixed with the 
?uid being pumped. Thus, a great reduction of the vol 
ume of flow of the centrifugal pump is obtained on ac 
count of the in?uence of the gas quantity upon the lift 
ing height of the pump, and‘ at the same time the pump 
evacuates much gas. A great admixtion of gas to the 
‘?uid being pumped reduces to a comparatively great 
extent the volume of the ?ow in the suction pipe to the 
separator tank and in so doing also reduces the quantity 
of gas to the tank 2. When the liquid level is high, the 
condition presumed above is reversed. In this way the 
system if self-adjusting, so that it maintains the highest 
possible pumping capability. 
When the oil or liquid tank 2 is empty or when the 

?ow of liquid in the suction pipe 1 has ceased for an 
other reason, the centrifugal pump 3 still receives ,a 
?ow of liquid from the liquid recirculated in the con 
duit 8. Thanks to the recirculation the pump wheel gets 
such ?ow of liquid as is necessary to prevent the pump 
from “dropping,” whereby the system can maintain the 
pumping (or “stripping”) when the suction pipe is 
anew supplied with liquid. Such an intermittent flow 
can arise, e.g. when pumping from a tank with a long 
suction pipe aboard a tanker. The return pipe 8 is suit 
ably so dimensioned and the ?ow of liquid through the 
same so adjusted that it can conduct from zero (before 
the stripping pumping, when the separator tank is full 
of liquid) up till the quantity of recirculating liquid 
which is necessary forvthe functioning at the current 
load condition (at empty cargo oil tank). 
The advantages which are attained through the in 

vention above include the fact that the‘ pump system 
becomes simpler and has a reduced number of compo 
nents and movable parts. On account hereof it becomes 
less expensive to purchase, install, start up, operate, 
service and maintain. The control and regulation 
equipment will be less extensive and the automatic con 
trol devices become simpler, which makes the system 
more reliable in operation. Another advantage resides 
in the fact that an explosion risk has been eliminated 
through the disposal of special vacuum pumps for the 
evacuation of gas. , ' ‘ 

The embodiments descirbed above and shown in the 
drawings are, of course, to be regarded merely as non 
limiting examples and may as to their details be modi 
?ed in several ways‘within’ the scope of the following 

‘ claims. In particular, the system may be utilized for 
other purposes than the pumping of oil, e.g. from tank 
ers. Furthermore the liquid level switch 11 for instance 
may be replaced ‘by a control device, by means of 
which the proportions gas/liquid in the gasliquid mix 
;ure supplied to the pump is controlled in direct depen 
dence upon the proportions of gas/liquid in the separa 
tor tank. . 

What I claim is: 
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1. Method of emptying a container for liquid, such as 
a cargo oil tank, by means of a centrifugal pump having 
a pressure pipe, a pump impeller, and an inlet which is 
connected by a suction pipe to said container through 
a separator tank provided for separation of gas com 
bined with the liquid as they are drawn from said con 
tainer into the separator tank, comprising the steps of: 
drawing said liquid through said suction pipe into 

said separator tank by means of a partial vacuum 
created in said separator tank above the surface 
level of said liquid, 

allowing said gas to separate from said liquid so as to 
permit said gas to temporarily accumulate above 
said liquid in said separator tank, 

removing said gas from above said liquid in said sepa~ 
rator tank and injecting said gas into a mixing de 
vice separated from and not forming a part of and 
disposed below the normal operating surface of 
said liquid in said separator tank, 

removing a portion of said liquid from said pressure 
Pipe, ‘ 

injecting said portion of said liquid into said mixing 
device, 

mixing said gas with said liquid in said mixing device, 
so as to form small bubbles in said liquid, 

injecting the mixture of gas and liquid into said cen 
trifugal pump, and 

evacuating said gas bubbles distributed in said liquid 
together therewith by means of said centrifugal 
pump. 

2. Method according to claim 1, comprising the steps 
of recirculating liquid from the pressure pipe of the 
pump to said separator tank, ?nely diffusing said gas in 
said recirculated liquid, and evacuating a mixture of 
diffused gas and liquid by said centrifugal pump. 

3. Method according to claim 2, in which said recir 
culated liquid is mixed with the gas immediately before 
the inlet of the pump. 

4. Method according to claim 1, in which said quan 
tity of liquid which is recirculated to the pump is regu 
lated in direct dependence upon the liquid level in the 
separator tank. 

5. Method according to claim 1, in which the gas 
liquid mixture is supplied to the pump in such a propor~ 
tion that the flow of liquid through the pump is adjusted 
with respect to the liquid level in the separator tank. 

6. Method according to claim 1, in which the propor 
tions of gas/liquid in the gas-liquid mixture supplied to 
the pump are adjusted in direct dependence upon the 
liquid level in the separator tank. 

7. Method according to claim 1, in which at least part 
of said mixture of recirculated liquid and gas is intro 
duced into the pump directed directly towards the 
pump wheel inlet to break down possible accumula 
tions of gas therein. 

6 
8. Method according to claim 1, in which at least part 

of said mixture of recirculated liquid and gas is intro 
duced into the pump inlet in such a way that a suitable 
pre-rotation of said mixture is brought about therein. 

9. Method according to claim 2, in which said recir- ‘ 
culated liquid is taken from a point in the pressure pipe 
of the pump, where the liquid has been caused to sepa 

, rate from the gas. caused 
10. Apparatus for emptying a container for liquid, 

such as a cargo oil tank, comprising a liquid container, 
a centrifugal pump which has an inlet, a pump impeller 
and a pressure pipe, for emptying said container, a suc-‘ 
tion pipe connecting said container to said pump, a sep- ' 
arator tank which is interconnected in said suction pipe 
between said container and said pump for separating 
gas from the liquid on its way from said container to 

. said pump, 

20 

25 

30 

35 

40 

45 

55 

60 

65 

means for mixing gas which is present‘ in an upper 
portion of the separator tank, in a diffused form 
into recirculated liquid, said means being separate 
from and not forming a part of said separator and 
disposed in a bottom portion of said tank below the 
normal operating surface of said liquid, 

means for recirculating liquid from the pressure pipe 
of the pump to said mixing means, 

pipe means connected to said mixing means and ex 
tending into said upper portion of said separator 
tank wherein said gas is contained for conducting 
said gas from said separator tank and introducing 
it into said mixing means, and 

means attached to said mixing means, for introducing 
the gas-liquid mixture thus created into the inlet of 
the pump. 

11. Apparatus according to claim 10, in which said 
means for mixing gas into the recirculated liquid and 
for introducing the mixture into the inlet of the pump 
comprises an ejector means. 

12. Apparatus according to claim 10, in which said 
means for mixing gas into the recirculated liquid com 
prises a substantially vertical tube which is provided in 
the separator tank and has a slightly shorter vertical ex 
tension than the separator tank, has a plurality of ori 
?ces, which are provided in the tube wall above and 
below each other, respectively, and has its lower end 
connected through an ejector means to the pressure 
pipe of the pump by a return duct. 

13. Apparatus according to claim 10, comprising a 
return duct, a control valve in said return duct, a level 
gauge associated with said separator tank and said 
valve and operating in dependence of the level upon 
the liquid surface in said separator tank for opening 
said valve in the return duct when said liquid surface 
drops below a predetermined level. 
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