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EXTRACTING OIL FROM UNDERGROUND 
RESERVOIRS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority as a Divisional 
application of application Ser. No. 13/536,446, filed 28 Jun. 
2012. 

FIELD OF THE INVENTION 

0002 One or more embodiments of the present invention 
relate to self-priming pumps and applications thereof. 

BACKGROUND 

0003. When air goes into a centrifugal pump, it can cause 
the pump to stop pumping water, because the centrifugal 
impeller cannot efficiently pump air and Suck water from a 
Supply pipe. If the water Source is far away from the pump, it 
cannot efficiently pump water until the entire length of the 
source pipe is filled with water. A pump full of air may not be 
able to generate enough pressure difference to draw water 
into the pump. If some air bubbles are present in the long pipe, 
these air bubbles can combine to forman airpocket which can 
stop the pumping of water. Therefore it is common practice to 
position centrifugal pumps close to the water source (e.g., a 
river or lake). In the case of wells, the pump is positioned at 
the bottom of the well to make the distance between the 
centrifugal pump and the water source as short as possible. 
0004. There is also a risk, when putting an expensive die 
sel powered centrifugal pump a mile or more away from a 
house or farm, that the pump can be stolen at night. If the 
pump is electric, a long cable would be needed extending 
from the house to the water source. The cable installation can 
be expensive, and it, too can be stolen. Further, if maintenance 
is required, it may be necessary to travel along way, perhaps 
in the middle of the night, to correct a simple problem, for 
example with fuel Supply to the diesel engine. 
0005. Even with a pump positioned close to the water 
Source, a “priming operation is often required. In many 
pumps, this process is achieved manually by pouring liquid 
into the pump through a priming port. If there is a lot of air that 
must be purged from the Supply line, either enough water 
must be added to completely fill the supply line, or the prim 
ing operation may need to be repeated several times until all 
of the air is pumped out of the Supply line. Typically, a small 
amount of air can be "pumped by entraining it into pumped 
water, but larger amounts can fill the pump with air again and 
cause it to stop pumping. "Self-priming pump designs are 
also known, whereby the priming operation is automated in 
Some way. For example, in some installations, it may be 
possible to position the pump below the water level (either 
literally Submersed, or adjacent to the water Supply but at a 
level below the water surface). In these installations, gravity 
can provide the force required to keep the pump primed, even 
if the Supply pipe is leaky, and the pump provides the addi 
tional force required to pump water to a higher elevation 
and/or a distant location. 

SUMMARY OF THE INVENTION 

0006 A pumping system is disclosed comprising a Supply 
pipe; a delivery pipe; a pump capable of pumping a liquid; a 
first tank with a first top port and a first bottom port; a second 
tank with second top port and a second bottom port; a first 
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pipe switcher operable to switch connections between a first 
state and a second state, wherein the first state comprises a 
connection between the Supply pipe and the first top port and 
a connection between the delivery pipe and the second top 
port, and wherein the second state comprises a connection 
between the Supply pipe and the second top port and a con 
nection between the delivery pipe and the first top port; and a 
second pipe Switcher operable to Switch connections between 
the a first state and a second state, wherein the first state 
comprises a connection between the first bottom port and the 
pump inlet and a connection between the second bottom port 
and the pump outlet, and wherein the second State comprises 
a connection between the first bottom port and the pump 
outlet and a connection between the second bottom port and 
the pump inlet. The first state of the first pipe switcher is 
contemporaneous with the first state of the second pipe 
switcher, and the second state of the first pipe switcher is 
contemporaneous with the second state of the second pipe 
switcher. 

0007. The first and second pipe switchers can each com 
prise two normally open valves and two normally closed 
valves connected to a common actuator. The common actua 
tor can comprise a solenoid and spring. The common actuator 
can be a bistable actuator. 

0008. The first and second pipe switchers can each com 
prise a unitary valve body with four ports, and can be com 
bined into a single unitary body with a common actuator. 
0009 Sufficient fluid is initially present to fill the pump 
and the second pipe switcher and to substantially fill one of 
the two tanks. At least one level sensor in each tank can be 
provided. A control system can monitor the level sensors and 
change the state of the Switching valves such that the pump is 
always substantially full of fluid, even if the supply pipe is 
empty of fluid. 
0010. A cooling system is disclosed comprising the above 
pumping system. The Supply pipe is connected to the output 
of the evaporator of the cooling system, and the delivery pipe 
is connected to the input of the condenser of the cooling 
system. 
0011. A gas compression system is also disclosed com 
prising the above pumping system. The Supply pipe is con 
nected to the source of gas to be compressed, and the delivery 
pipe provides compressed gas for use or storage. 
0012 A System for pumping water from an underground 
reservoir is also disclosed comprising the gas compression 
system. The delivery pipe is connected to a first well pipe 
going down into the underground reservoir and water is 
pushed up through a second well pipe to the Surface. 
0013. A system for extracting oil is also disclosed. The gas 
compression system is used to pump oxygen into an oil res 
ervoir, and underground combustion is used to drive heated 
oil to the Surface. Optionally, a second pumping system can 
be used to pump a combustible fuel into the oil reservoir. 
0014. A method for pumping water from an underground 
reservoir is disclosed comprising pumping gas through a first 
well pipe into the underground reservoir using the above 
pumping system and pushing water up through a second well 
pipe to the Surface. 
0015. A method of heating an underground oil reservoir is 
disclosed comprising pumping oxygen into the underground 
oil reservoir using the above pumping system and causing 
combustion to take place in the underground oil reservoir. 
Optionally, a combustible gas or liquid is also pumped into 
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the oil reservoir using a second pumping system. The heated 
oil can be pushed through a well pipe to the Surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 shows the two tanks and a centrifugal pump. 
0017 FIG. 2 shows the centrifugal pump connected 
between the tank bottoms with supply and delivery pipes 
connected to the tank tops. 
0018 FIG. 3 shows the same tanks and pump with the 
Supply and delivery pipes Swapped and the connections to the 
pump Swapped. 
0019 FIG. 4 shows a “magic pipe switcher capable of 
making the pipe switches between the state shown in FIG. 2 
and the state shown in FIG. 3. 
0020 FIG. 5 shows details of the pipe connections for a 
magic pipe Switcher. 
0021 FIG. 6 shows the pipe switcher valves connected to 
an actuatOr. 

0022 FIG. 7 shows details of the normally open and nor 
mally closed valves in their “normal position. 
0023 FIG. 8 shows the full set of four valves to make a 
magic pipe Switcher. 
0024 FIG.9 shows a complete pumping system with two 
magic pipe Switcher and two tanks. 
0025 FIG. 10 shows a pumping system used as part of a 
cooling system with an evaporator and a condenser. 
0026 FIG. 11 shows a cooling system with a reversible 
pump and a single magic pipe Switcher. 
0027 FIG. 12 shows a pumping system used to compress 
gas into a storage tank. 
0028 FIG. 13 shows a cooling system with an auxiliary 
gas storage tank. 
0029 FIG. 14 shows a pumping system used to drive 
compressed gas into an underground reservoir to drive water 
to the surface. 
0030 FIG. 15 shows two pumping systems being used to 
pump oxygen and a combustible gas or liquid into an under 
ground oil reservoir to heat the oil and drive it to the surface. 
0031 FIG. 16 shows a two-stage gas liquification system 
using two pumps and two condensers. 
0032 FIG. 17 shows a three-stage gas liquification sys 
tem. 

DETAILED DESCRIPTION 

0033. It must be noted that as used herein and in the 
claims, the singular forms “a” and “the include plural ref 
erents unless the context clearly dictates otherwise. Thus, for 
example, reference to “a valve' includes two or more valves, 
and so forth. Embodiments are frequently described for cen 
trifugal pumps pumping water, although it is understood that 
the priming methods and devices disclosed herein apply to 
any pump technology requiring priming, and to the pumping 
of any liquid. 
0034. Where a range of values is provided, it is understood 
that each intervening value, to the tenth of the unit of the lower 
limit unless the context clearly dictates otherwise, between 
the upper and lower limit of that range, and any other stated or 
intervening value in that stated range, is encompassed within 
the invention. The upper and lower limits of these smaller 
ranges may independently be included in the Smaller ranges, 
and are also encompassed within the invention, Subject to any 
specifically excluded limit in the stated range. Where the 
stated range includes one or both of the limits, ranges exclud 
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ing either or both of those included limits are also included in 
the invention. The terms “about' and “approximately’ gen 
erally refers to +10% of a stated value. 

DEFINITIONS 

0035. As used herein, the term “centrifugal pump' refers 
to a pump having a rotating impeller which increases the 
pressure of a liquid at the outer rotating edge relative to the 
axis. Typically, an inlet is mounted near the axis, and an outlet 
is mounted near the outer edge of the impeller. The pressure 
difference can then be used to pump fluid from the inlet to the 
outlet. 
0036. As used herein the term “magic pipe switcher 
refers to a valve assembly with two inlets and two outlets, 
wherein the first inlet can be connected to one of the two 
outlets and the second inlet can be connected to the other 
outlet, and the connections are swapped when the valve posi 
tion is changed by a Suitable actuator. 
0037. The present invention solves problems related to 
pump priming by adding two tanks and two “magic' pipe 
Switchers so that a pump can draw airfor as long as necessary 
until liquid arrives, and if the liquid is mixed with some air, for 
example, due to air leakage in the Supply pipe, the pump can 
pump liquid as if there were no air present. The pump can be 
situated anywhere convenient to the user. 
0038. There is one well-known limitation to pump posi 
tioning that applies to all liquid pumps, whether they require 
priming or not: it is not possible to position a pump at a height 
above a water source that exceeds a one atmosphere head.” 
For example, when pumping fresh water at sea level, a col 
umn of water 34 ft (10.4 m) high has a pressure at the bottom 
of one standard atmosphere more than the pressure at the top 
of the column. Thus, if you try to pump water from a source 
located more than 34 ft below the pump, the best you can do 
is to draw the water up to a height of 34 ft above its natural 
level. At that point, you will have drawn all of the air out of the 
supply tube, and there will be a vacuum in the pipe above that 
level. No pump can produce any force on the column of water 
by "sucking further on a vacuum. Therefore, any self-prim 
ing pump must be positioned no higher than the height of a 
column of liquid corresponding to one local atmosphere of 
head pressure. 
0039. The present invention also enables new generations 
of cooling systems and air compressor systems, employing 
the same magic pipe Switchers to keep the pump primed. 
0040. Referring to FIG. 1, in embodiments of the present 
invention, the input of a centrifugal pump E with impeller F is 
always connected to a tank (either A or B) containing water, 
so the centrifugal pump E always receives water and can 
always pump water. In order to ensure that there is always an 
available tank containing water, two tanks A and B are pro 
vided, and a magic pipe Switcher Swaps which tank is con 
nected to the pump input in a way that an empty tank is never 
connected to the input as set forth below. The pump never 
stops pumping, because it is always provided with water to 
pump. 
0041 Referring to FIG. 2, the centrifugal pump E is shown 
Sucking water from tank A into pump inlet D and pumping it 
out through pump outlet C into tank B. Assume that tank A 
starts out nearly full of water. Tank A is connected to Supply 
pipe X and tank B is connected to delivery pipe Y. If there is 
no air in the system, then the tanks have no particular function 
and the water is pumped from Supply pipe X to delivery pipe 
Y. 
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0042. If air is present in the supply line, it will tend to 
collect in tank A, and the liquid level in the tank will gradually 
decrease. When tank A is almost empty, even if no water has 
yet arrived via supply pipe X, tank B will be almost full from 
the water originally in tank A. Now the “magic' switching 
occurs, and the pipe connections are changed from the 
arrangement shown in FIG. 2 to the arrangement shown in 
FIG. 3. Both pump connections and Supply connections are 
reversed. Pump inlet D is connected to tank B, and pump 
outlet C is connected to tank A Supply pipe X is connected to 
tank B, and delivery pipe Y is connected to tank A. Water is 
still pumped from supply pipe X to delivery pipe Y, but the 
tanks are reversed so that tank B is now connected on the input 
side between supply pipe X and pump inlet D, while tank A is 
now connected on the outputside between pump outlet C and 
delivery pipe Y. 
0043. The switching function can be provided by the 
embodiment of a “magic pipe switcher shown in FIGS. 4-8. 
FIG. 4 shows the complete assembly; FIG. 5 omits the valve 
actuator, so that the fluid flow paths can be seen more clearly; 
FIG. 6 shows just the valve actuator and valves, FIG. 7 shows 
two magic pipe Switchers in a unitary body driven by a single 
actuator, and FIG. 8 shows just the four valves. All figures 
show the same components in the same relative arrangement 
with reference letters referring to the same parts in each 
figure.) A magic pipe Switcher N comprises four valves. Two 
valves L are normally open and two valves M are normally 
closed. A strong spring and Solenoid Kare in opposition to 
control the motion of the valves. When the solenoid K is 
activated, it pulls against the spring and opens the normally 
closed valves M and simultaneously closes the normally 
opened valves L. There are four ports. Port G is always an 
input, port H is always an output, while ports I and J Swap 
between input and output functions according to whether the 
solenoid K is activated or released. In the “normal' position 
with solenoid K released, port G is connected to port I, and 
port J is connected to port H. In the “active' position with 
Solenoid Kactivated, port G is connected to port J. and port I 
is connected to port H. 
0044 FIG.9 shows an embodiment of a complete system 
comprising a centrifugal pump E, two tanks A and B, and two 
magic pipe Switchers N, the Supply pipe X, and the delivery 
pipeY. This assembly implements the tank and Supply Switch 
ing functions described above. When the solenoids are 
released, Supply pipe X is connected to tank A, and tank A is 
connected to pump inlet D, while pump outlet C is connected 
to tank B, and tank B is connected to delivery pipeY. When the 
Solenoids are activated, Supply pipe X is connected to tank B, 
and tank B is connected to pump inlet D, while pump outlet C 
is connected to tank A, and tank A is connected to delivery 
pipe Y. 
0045. In some embodiments, tanks A and B further com 
prise level sensors. Various sensor types and locations can be 
used. In some embodiments, the sensors sense presence or 
absence of water. A two-sensor configuration can be used 
with sensors near the top of each tank. Each sensor is pro 
tected from splashing so that it detects water level in the tank 
and not local turbulent flow. Starting with tank A mostly full 
of water and the Solenoids released, water is pumped from 
tank A to tank B, displacing the air of tank B. The water level 
in Tank B goes up, and air is pushed out. Tank A is refilled 
from Supply pipe X which may contain air, water, or a mixture 
of air and water. The air in tank B is pushed into delivery pipe 
Y. Initially, the sensor at the top of tank A may sense the 
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presence of water, but the sensor at the top of tank B does not 
sense the presence of water. As pumping proceeds, if there is 
airin the Supply pipe X, then at Some point, neither sensor will 
detect the presence of water. 
0046. After a time, as the liquid level rises in tank B, and its 
sensor will sense the presence of liquid. If the sensor at the top 
of tank A does not sense the presence of liquid (i.e., Band (not 
A)), a control system activates the Solenoids K for both magic 
pipe switchers. The role of tanks A and B are now reversed. 
The pump now pumps water from tank B which is full of 
water into tank A. But since tank B is connected to Supply pipe 
X and tank A is connected to delivery pipe Y, the pump is still 
is pumping from Supply pipe X to delivery pipe Y. 
0047. When the sensor at the top of tank A senses the 
presence of liquid, but the sensor at the top of tank B does not 
sense the presence of liquid (i.e., A and (not B)), the control 
system releases the Solenoids K for both magic pipe Switch 
ers. The pump resumes water from tank A which is full of 
water into tank B. The pump is still is pumping from Supply 
pipe X to delivery pipe Y. 
0048. These two states can alternate until all air is removed 
from supply pipe X and Tank A. When all air is removed, the 
sensors at the top of both tanks sense the presence of liquid 
(i.e., A and B) and the control system does switch the state of 
the magic pipe Switchers. 
0049. In the two-sensor embodiment just described, the 
alternation of states can end with the solenoids either acti 
vated or released. The complete logic is given in Table 1. 
(Note that “unchanged’ means that when the indicated state is 
reached, the Solenoid is maintained in the previous state.) 

TABLE 1 

Water at top of Water at top of 
tankA tank B Solenoid state 

absent absent unchanged 
absent present activated 
present absent released 
present present unchanged 

0050. In some embodiments, it is desirable to ensure that 
the fully primed pump state which can be maintained for 
extended periods of time occurs with the solenoids released. 
One way to ensure that the solenoids are always released 
when the pumps are fully primed is to break the logic sym 
metry by always releasing the Solenoid whenever the sensor 
at the top of tank A senses the presence of water. The resulting 
logic is given in Table 2. 

TABLE 2 

Water at top of Water at top of 
tankA tank B Solenoid state 

absent absent unchanged 
absent present activated 
present absent released 
present present released 

0051 One characteristic of the logic shown in Table 2 is 
that after the system is fully primed, the magic Switching 
valves will activate again as soon as enough air enters the 
system (e.g., from bubbles or leaks in the Supply pipe) that the 
sensor at the top of tank A no longer senses the presence of 
water. In some embodiments, an additional sensor is disposed 
near the bottom of tank A. This sensor can be used to cause 
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activation of the solenoids only when the level in tank A drops 
below this lower level. Effectively, it is used to detect priming, 
but allows tank A to gradually fill with air after priming until 
the water level falls below the lower sensor, thereby reducing 
the number of time that the solenoids are activated to respond 
to bubbles and leaks. The complete logic is shown in Table 3. 
States not listed cannot logically occur. For example, if there 
is waterpresent at the top of tank A, then there is always water 
present at the bottom of tank A. If there is no water at the 
bottom of tank A, then there must be water present at the top 
of tank B. 

TABLE 3 

Water at top of Water at bottom Water at top of 
tankA of tank. A tank B Solenoid state 

absent present absent unchanged 
absent absent present activated 
absent present present unchanged 
present present absent released 
present present present released 

0052. The skilled artisan will recognize that there are other 
embodiments of level sensors and positions that can provide 
the same control functions. For example, sensors can be 
located near the bottoms of both tanks instead of the tops. 
Rather than detecting the arrival of water at the top of a tank 
connected to the delivery pipe to trigger a state change, one 
can detect the loss of water at the bottom of the tank connected 
to the Supply pipe. The skilled artisan will recognize that a 
similar table of control logic can be made for sensors located 
near the tank bottoms. 

0053 Any suitable level sensing technology can be used. 
The presence sensors used in the above embodiments can be, 
for example, mechanical, electrical, optical, acoustic, ultra 
Sonic or radar. Sensors which provide a digital or analog level 
indication can also be used, based on, for example, mechani 
cal, electrical, optical, acoustic, ultrasonic or radar measure 
ment techniques. Pressure sensors can be used as level sen 
sors. The skilled artisan will recognize that the control logic 
can vary to exploit particular measurement technologies. For 
example, a pressure sensor at the bottom of a tank can be used 
to indicate tank fluid level based on the head of liquid. In this 
way, one sensor can replace the functionality of both an upper 
level and a lower level sensor. 

0054. In some embodiments, to reduce energy use further, 
the magic pipe Switcher can have a holding pin. When the 
Solenoid is activated, a pin is pushed by a spring Such that the 
pinholds the valves in position, the power to the Solenoid can 
be removed, and no electricity is required to hold the solenoid 
in position. When the control system decides that the solenoid 
should be releases, a signal is sent to a separate Small pin 
actuator to pull the pin out so that the main Solenoid spring 
can return the Solenoid to the released position. The pin actua 
tor only needs to be activated for a brief time interval suffi 
cient to pull the pin. To reduce the power required for the pin 
actuator, the main solenoid K can be reactivated briefly to 
relieve the spring force on the pin, so that very little force is 
required to pull the pin. 
0055. In some embodiments, a bistable valve actuator can 
be used instead of a Solenoid opposed by a spring. In these 
embodiments, both the “activated' and “released' states are 
inherently stable positions, and power must be applied only to 
move the actuator from one state to the other. 
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0056. In any embodiments not requiring power to hold one 
position of the magic pipe Switcher, the control system need 
not return the actuator to the released State when the pump is 
fully primed. 
0057. In some embodiments, the magic pipe switcher N 
can be activated by hand. A user can close and open the valves 
manually via a handle. These embodiments can be cheaper, 
and may be adequate for applications where there is only a 
need to use the magic pipe Switcher briefly on startup, and the 
Supply of water is continuous once the pump is primed. 
0058. In some embodiments, the two magic pipe switchers 
can be integrated as one unit having eight input/output pipes 
and eight valves operated by a single actuator of any of the 
types described above. The magic pipe Switcher can be made 
in many different forms and in numerous versions. For 
example, the magic pipe Switcher can be made as four valves, 
each having its own actuator, where the electronic controls 
provide the correct sequencing. 
0059. In some embodiments, a magic pipe switcher is 
integrated into a single cylindrical device. A sliding cylinder 
can have two cross holes. One end of each of the cross holes 
connects to channels in the walls which are always connected 
to ports G and H respectively. The other end would have 
channels that reverse the connection as the cylinder move 
between two operating positions. For example, the two cross 
holes could be both displaced vertically and rotated at an 
angle with respect to each other. One channel could then be 
horizontal, while the other has a longer path around the hori 
Zontal channel. The net functionality is essentially similar to 
an electrical double-pole-double-throw switch used to 
reverse electrical connections. In some embodiments, two of 
these integrated magic pipe Switchers can be integrated into a 
single cylinder with a single actuating mechanism. 
0060. In some embodiments, the two tanks A and B, the 
centrifugal pump, and the two magic pipe Switchers can be 
integrated all together in one box to make one compact sys 
tem with only two fluid connections, one for pumping and the 
other for suction. 
0061. In some embodiments, the tanks A and B further 
comprise one-way check valves at the top and bottom of the 
tanks. The tank connected to the outlet of the pump will 
generally contain higher pressure than the tank connected to 
the inlet, and it can be advantageous to prevent backflow from 
the delivery pipe Y and into the supply pipe X when the roles 
of the tanks are switched by the magic pipe switcher. The 
check valves ensure that flow is only possible out of the 
Supply pipe and into the delivery pipe. Building codes may 
require Such check valves to protect a water Supply from back 
contamination. The check valves also ensure that no progress 
is lost in the net flow of water from the supply pipe to the 
delivery pipe during tank Switching events. After Switching, 
excess pressure in the tank newly connected to the pump inlet 
is relieved by forcing fluid through the pump to the tank newly 
connected to the pump outlet. The pump then continues to 
decrease the pressure in the tank on the Supply side and 
increase the pressure in the tank on the outlet side until the 
pressures are such that all check valves are open and pumping 
out of the Supply pipe and into the delivery pipe can resume. 

EXAMPLES 

0062 Embodiments of self-priming pumps have been 
described above in the context of water pumps, generally, 
where the source of water is located no more than about 10 m 
below the pump location. Such pumps can be used for any 
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general-purpose water pumping application including but not 
limited to drinking water Supply, Sump pumps, draining of 
flooded spaces, firefighting, Swimming pool draining and 
filling, industrial water Supply, sanitary water Supply, irriga 
tion, and so on. Other applications are also possible as exem 
plified below. 

Example 1 

Gas Compressor 

0063. In some embodiments, the pump can be used to 
compress a gas. FIG. 12 shows a tank S for storage of com 
pressed air orgas. The tank S is connected to the delivery pipe 
Y. A pump liquid is cycled between tank A and tank B in order 
to raise the pressure of Successive Volumes of gas and pump 
these volumes into the delivery pipe Y and tank S. Check 
valves are used to ensure that no backflow occurs as tanks A 
and B are Swapped. A pressure Switch on tank S can be used 
to turn the pump off when a desired pressure is reached and to 
turn the pumpback on when the pressure drops below a lower 
set point. 
0064. The liquid pumping fluid is repeatedly cycled 
between tanks A and B, and the self-priming ability of the 
pump is used to effectively pump the gas to compress it on 
each cycle. The liquid can be selected to resist high tempera 
ture and freezing. An antifreeze Solution (e.g., a solution of 
ethylene glycol) or a hydrocarbon or silicone oil can be used. 
0065. The fluid volume is chosen so that one of the tanks is 

full of liquid and the other one is partly empty at the start of a 
cycle. Pumping proceeds as usual until the liquid reaches the 
top of the tank connected to pump output, and Substantially all 
of the gas has been pushed out of the tank. The controller 
receives a signal from a sensor, the state of the magic pipe 
Switchers is changed, and the direction of the pumping is 
effectively changed so that the pump output is connected to 
the empty tank, and the pump input is connected to the full 
tank. Gas is always Sucked from the Supply pipe X and pushed 
into the delivery pipe Y. Check valves ensure that there is 
never any backflow. 
0066 Centrifugal pumps generate pressure by rapid rota 
tion of a volume of fluid to develop a pressure increase from 
the center of rotation to the periphery. The pump inlet is 
directed near the axis of rotation and the pump outlet is on the 
periphery. Gas compression applications often require high 
pressures. Typical compressed gas storage tanks store gas at 
2000-3000 psi and more. In general, it is possible to increase 
the pressure difference between the inlet and outlet of a cen 
trifugal pump either by increasing the angular speed of rota 
tion of the pump or by increasing the diameter of the impeller 
or both. Most centrifugal pumps are, however, limited as to 
how much pressure increase can be practically achieved. 
Excessive speed at the outer edge of an impeller can result in 
cavitation in the fluid which can both reduce pump efficiency 
and damage the impeller Surface. Higher pressures can be 
achieved by connecting a set of centrifugal pumps in series. 
Optionally, the set of pumps can be driven on a common shaft 
by a common drive motor, and the fluid connections can be 
made integral to a common housing. Multistage pumps of this 
type are available commercially, for example, from Dickow 
Pump Co. (Marietta, Ga.) and V-Flo Group (Shenyang, 
China). Output pressures of at least 3800 psi are available. 
Multistage pumps can be used in embodiments of the present 
invention. 
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Example 2 

Deep Water Wells 
0067. In some embodiments a self-priming pump can be 
used to pump water from great depths without using a Sub 
mersible pump at the bottom of the well. The pump is used to 
pump a gas in a manner similar to that of Example 1. The 
arrangement is shown in FIG. 14. The pump system is located 
at the earth Surface, and the delivery pipe is connected to a 
pipe V extending down to the water reservoir. A well pipe W 
provides a path for the water to rise to the Surface. As long as 
the water reservoir is contained in a closed region that can be 
pressurized, the pump can be used to raise the pressure in the 
closed region to drive water up a well pipe whose inlet is 
positioned below the water surface. High pressures may be 
required, but since all pressures are above atmospheric, there 
is no limitation on depth from which water can be pumped. 

Example 3 

Carbon Sequestration 
0068. In some embodiments a self-priming pump can be 
used to pump CO into underground reservoirs. The pump is 
used to pump CO in a manner similar to that of Examples 1 
and 2. Geological formations with enormous capacities exist 
that can be safely used to sequester extremely large Volumes 
of gas. 

Example 4 

Cooling System 

0069. In some embodiments a self-priming pump can be 
used to operate a refrigeration or cooling system as shown in 
FIG. 10. The pump configuration is the same as that shown in 
FIG. 9 except that the evaporator P of the cooling system is 
connected through the Supply pipe to port G of the upper 
magic pipe Switcher N and the condenser Q of the cooling 
system is connected through the delivery pipe to port H of the 
upper magic pipe Switcher. A fine tube or evaporation control 
valve R is located between the condenser and the coils of the 
evaporator. The pump is used to pump a gas in a manner 
similar to that of Example 1, except that the gas to be com 
pressed is a refrigerant gas such as ammonia or FREONR). 
0070. In some embodiments of cooling and refrigeration 
systems, tanks A and tank B are tapered at the top, so that all 
gas in the tank connected to condenser Q is pushed out of the 
tank when the liquid reached the top of the tank, thereby 
maximizing overall efficiency of the system. 
0071. In some embodiments, a pump E having reversible 
pumping direction can be used. With a reversible pump, the 
configuration of FIG. 11 can be used with a magic pipe 
switcher N only at the top of tanks A and B. The control 
system can then Switch the pumping direction at the same 
time that the magic pipe Switcher state is changed. 
0072 Cooling systems according to these embodiments 
are especially advantageous for large systems such as those 
used in ships, warehouses, large buildings and the like where 
efficiency, energy savings, reduced maintenance costs, and 
ease of maintenance are particularly important, but the meth 
ods can be beneficially applied for cooling systems of any 
S17C. 

0073. In some embodiments, the cooling system can have 
a tank S for storing compressed gas connected to the delivery 
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pipe as shown in FIG. 13. An additional small compressor U 
can further compress the gas and pump it into the condenser 
Q. A check valve can be placed at the inlet to tank S to prevent 
backflow to the main pump. 
0074 This combination can enable a small secondary 
compressor to operate a large cooling system from an already 
compressed gas with cost and energy savings. 

Example 5 

Extracting Oil from Depleted Oil Fields 
0075. Abandoned or depleted oil fields can contain enor 
mous amount of oil as semi-solid rock or thick oil sludge, 
hundreds of meters below the surface. To lift this type of oil 
from such wells, it must be converted it into a runny liquid by 
heating and then the pressure above the reservoir of oil must 
be increased to drive the oil to the surface. Heat can be 
provided by underground combustion. Oxygen (or air) can be 
pumped into the underground reservoir. If there is sufficient 
Volatile combustible material in the reservoir Supplying oxy 
gen can be sufficient to start combustion and the resulting heat 
and pressure can drive oil to the Surface. In some reservoirs 
the residual oil may not readily combust, and additional fuel 
must be supplied, at least until Sufficient heat is generated to 
vaporize some hydrocarbon fuel. 
0076 FIG. 15 shows an exemplary embodiment using two 
pumps equipped with tanks and magic pipe Switchers. One 
pump is used to pump oxygen using the methods given in 
Example 1 deep into an abandoned or depleted oil reservoir. 
A second pump is used to pump a gas or liquid capable of 
reacting with oxygen to make a combustion reaction. The 
combustion reaction, deep inside the oil well, can generate 
Super-heated gas and a tremendous rise of pressure inside the 
oil well. The heat can melt the semi-solid oil and converts it 
into a lower viscosity liquid, and the massive pressure can 
push the oil up the oil well pipe. 
0077. Any combustible gas can be used. In some embodi 
ments a gas or liquid Such as a hydrocarbon gas is selected 
which has gaseous products of combustion (e.g., CO) to help 
increase the pressure in the oil field. 
0078. Initially, the flow of oil to the surface may be small, 
but as pressure builds inside the oil well, the recovery rate can 
increase substantially; it is estimated that about 7-10 barrels 
ofoil can be recovered forevery barrel-equivalent used to fuel 
the underground combustion. The useful life and total extract 
able oil from old oil fields can be extended dramatically by 
these methods. 
0079 Pumping oxygen or air into an oil reservoir and then 
starting combustion is a very good method for extraction of 
oil from abandoned oil reservoir. However, in some embodi 
ments, any available gas such as CO or N or a gas mixture 
can be used without initiating combustion to pressurize an oil 
reservoir and push oil to the Surface through a well pipe. 
0080. In some embodiments, the reactants necessary for 
combustion are all pumped into the oil reservoir from the 
Surface. Such reactants can be two or more gases, a mixture of 
one or more gases and one or more liquids, or a mixture 
comprising gases and/or liquids with powders. Any Suitable 
mixture can be used that can be ignited in the reservoir to 
generate heat and pressure in the oil reservoir. 
0081. In an oil reservoir with a plurality of abandoned oil 
wells, some wells can be used to pump oxygen into the 
reservoir and otherwells can be used to extract the oil. No new 
wells are required—only a few pumping systems. 
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Example 6 

Gas Liquification 
I0082 Gas liquification can be accomplished by multi 
stage compression and cooling. For example, fuel gases Such 
as methane are typically liquefied for storage and transport by 
railroad or truck tanker or by ship. FIG.16 shows a two-stage 
compression system with two condensers Q and two pumps. 
In FIG. 16, the second pump U is shown as a small auxiliary 
pump such as a piston pump, although it can also be another 
pump of the type described in Example 1. The liquefied gas is 
being shown loaded onto a ship. FIG. 17 shows a three-stage 
gas liquification system using three pumps of the type 
described in Example 1, together with three condensers. 
I0083. It will be understood that the descriptions of one or 
more embodiments of the present invention do not limit the 
various alternative, modified and equivalent embodiments 
which may be included within the spirit and scope of the 
present invention as defined by the appended claims. Further 
more, in the detailed description above, numerous specific 
details are set forth to provide an understanding of various 
embodiments of the present invention. However, one or more 
embodiments of the present invention may be practiced with 
out these specific details. In other instances, well known 
methods, procedures, and components have not been 
described in detail so as not to unnecessarily obscure aspects 
of the present embodiments. 
What is claimed is: 
1. A method of heating an underground oil reservoir com 

prising 
pumping a gas comprising oxygen into the underground oil 

reservoir, and 
causing combustion to take place in the underground oil 

reservoir. 
2. The method of claim 1, further comprising pumping a 

combustible gas or liquid into the oil reservoir. 
3. A method of extracting oil from an underground oil 

reservoir, comprising heating the underground oil reservoir 
by the method of claim 1, and further comprising using the 
heat and pressure generated by the combustion to drive oil 
through a well pipe to the Surface. 

4. A method of extracting oil from an underground oil 
reservoir, comprising heating the underground oil reservoir 
by the method of claim 2, further comprising using the heat 
and pressure generated by the combustion to drive oil through 
a well pipe to the surface. 

5. The method of claim 1, wherein combustion takes place 
spontaneously when oxygen contacts oil in the underground 
oil reservoir. 

6. A system for extracting oil from an underground reser 
Voir comprising 

a first well pipe, 
a source of oxygen, and 
a first gas compression system, 
wherein the first gas compression system is operable to 
pump the oxygen from the source into the underground 
reservoir, 

wherein combustion takes place when the oxygen contacts 
oil in the underground reservoir, and 

wherein the heat and pressure generated by the combustion 
is sufficient to drive oil through the first well pipe to the 
Surface. 
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7. The system of claim 6, further comprising a second gas 
compression system configured to pump a combustible gas or 
liquid into the underground oil reservoir. 

8. The system of claim 6, further comprising a second well 
pipe, wherein the first gas compression system is configured 
to pump the oxygen from the source into the underground 
reservoir through the second well pipe. 

9. The system of claim 7, further comprising a second well 
pipe, wherein the first gas compression system is configured 
to pump the oxygen from the source into the underground 
reservoir through the second well pipe and the second gas 
compression system is configured to pump the combustible 
gas or liquid into the underground reservoir through the sec 
ond well pipe. 

10. The system of claim 6, wherein the first gas compres 
sion system comprises 

a Supply pipe connected to the source of oxygen; 
a delivery pipe connected to the underground reservoir; 
a pump capable of pumping a liquid; 
a first tank with a first pipe connected to the first tank at the 

upper end of the first tank and a second pipe connected to 
the first tank at the lower end of the first tank; 
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a second tank with a third pipe connected to the second tank 
at the upper end of the second tank and a fourth pipe 
connected to the second tank at the lower end of the 
second tank; 

a first pipe Switcher operable to Switch connections 
between a first state and a second state, wherein the first 
state comprises a connection between the Supply pipe 
and the first pipe and a connection between the delivery 
pipe and the third pipe, and wherein the second state 
comprises a connection between the Supply pipe and the 
third pipe and a connection between the delivery pipe 
and the first pipe; and 

a second pipe Switcher operable to Switch connections 
between a first state and a second state, wherein the first 
state comprises a connection between the second pipe 
and the pump inlet and a connection between the fourth 
pipe and the pump outlet, and wherein the second state 
comprises a connection between the second pipe and the 
pump outlet and a connection between the fourth pipe 
and the pump inlet; 

wherein the first state of the first pipe switcher is contem 
poraneous with the first state of the second pipe switcher, 
and the second state of the first pipe Switcher is contem 
poraneous with the second state of the second pipe 
Switcher. 


