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. A reliable, leak tolerant liquid cooling system with a backu

(76)  Inventor: Steve Harrington, Carlsbad, CA air-cooling system for co(inputers isgpr}évided. The systerg

Us) may use a vacuum pump and a liquid pump in combination to

provide negative fluid pressure so that liquid does not leak out

(21)  Appl. No.: 12/762,898 of'the system near electrical components. The system distrib-

utes flow and pressure with a series of pressure regulating

) valves so that an array of computers can be serviced by a

(22) Filed: Apr. 19,2010 single cooling system. The system provides both air and

liquid cooling so that if the liquid cooling system does not

Publication Classification provide adequate cooling, the air cooling system will be auto-

matically activated. A connector system is provided to auto-

(51) Int.ClL matically evacuate the liquid from the heat exchangers before
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VACUUM PUMPED LIQUID COOLING
SYSTEM FOR COMPUTERS

BACKGROUND OF THE DISCLOSURE
Brief Description of the Related Art

[0001] Arrays of electronic computers, such as are found in
data centers, generate a great deal ofheat. A typical CPU puts
out over 100 watts and has a maximum case temperature of
about 60 C. A typical rack of 88 CPUs may put out 9 Kw. The
maximum outside temperature at a hot urban location might
be 45 C, so the heat flow goes with the gradient. Theoretically,
no refrigeration should be required, yet the standard way to
keep data centers cool is to use vapor compression refrigera-
tion systems at least part of the time. These systems often use
more power that the computers themselves. These systems
use air as the heat transfer medium, and it is due to the low
heat capacity and thermal conductivity of air that refrigera-
tion must be used to overcome the thermal resistance of
multiple air heat exchangers. Some operators use evaporation
of water to cool water-to-air heat exchangers which then in
turn cool computers, and this is more efficient than refrigera-
tion, but the computers run hotter, thus reducing their reli-
ability and making the data center uncomfortable. Water has
4000 times more heat capacity that air of the same volume, so
water is an ideal heat transfer agent for direct heat transfer
from the heat generating components. However, operators of
server systems are concerned about leaks and reliability of
water-cooled computers. One potential issue with water-
cooled negative pressure systems is that at low absolute pres-
sures, water may boil. For example, at 50 C, water boils at 4
in Hg, so the system pressure cannot get that low. Therefore,
a pump must be used with low NPSH, so that the water does
not cavitate at the pump inlet. One such pump is described by
the inventor in U.S. Pat. No. 7,611,333, the disclosure of
which is incorporated herein by reference. What is needed is
a cooling solution adaptable for up to a large number of
computers, that uses a minimum amount of water flow, is
reliable, leak-free and low in power consumption.

[0002] Therefore it is an object of the present invention to
provide a reliable cooling system to a large number of CPUs
under negative pressure, with a minimal chance of leakage,
and with an air cooling backup system. It is also an object of
the present invention to provide a cooling solution which
integrates with an air cooled heat sink for backup and utilizes
only the minimum amount of water to provide adequate cool-
ing for each heat generating element. Furthermore, it is an
object of the present invention to provide a device to discon-
nect and reconnect servers without losing any water.

SUMMARY OF THE DISCLOSURE

[0003] A system provides water cooling under negative
pressure for an array of computers or other heat generating
devices with a minimal flow rate and a minimal volume of
water in order to provide cooling in an efficient and reliable
manner. In certain embodiments the system includes an out-
door cooling tower to cool water, a water distribution system
to supply water to multiple CPUs, high performance heat
exchangers to remove heat from said CPUs with a minimum
flow rate and delta pressure, a water pump to suck water
through said CPUs and a vacuum pump to remove any air
which may enter the system. In addition the system may
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include an air-cooled heat exchanger attached to each CPU to
remove the heat in the event that the liquid cooling system is
not operating.

[0004] The system may use a cooling tower to cool down
the water using convection and evaporation in order to reduce
the temperature to the local wet bulb temperature or whatever
temperature is required by the CPUs, which is typically less
than 30 C. The cool water is preferably provided under a
pressure which is less than the local atmospheric pressure to
a rack and then to a server with one or more heat generating
components, such as CPUs. The entire system preferably runs
at a low absolute pressure, so that any leaks are of air into the
system, rather than water out of the system. This limits the
available delta pressure available to each heat exchanger to
the difference between the vapor pressure of the warmest
water within the system and the local absolute pressures.
Therefore, delta pressures are allocated to each heat
exchanger that are substantially less than 1 atmosphere. The
water-cooled heat exchanger is preferably mounted to the
CPU and comprises a passage with a turbulator to increase the
velocity and turbulence of the water near the heat transfer
surface. The turbulator may also be designed to minimize the
volume of water contained within the server so that the water
may be quickly cleared for repairs. The CPU typically
includes an air-cooled heat exchanger with fins and a fan
located nearby to provide air-cooling. The fan may be con-
trolled by the temperature of the CPU so that as it gets hotter,
the fan increases in speed. The liquid flow rate may be deter-
mined by the acceptable temperature rise of the liquid and the
power dissipated by the CPU. For a typical CPU that puts out
100 watts, a stream of water at 150 cc/minute will result in a
temperature rise of approximately 10 C. The temperature
differential from the CPU case to the water should be of the
same order as the temperature rise. The heat exchanger should
have a pressure drop of approximately 4 in Hg so that the
system will work properly on a hot day in a high altitude
location, where the difference between the local atmospheric
pressure and the vapor pressure of the hot water can be only 8
inches Hg.

[0005] The fan which is connected to the CPU heat
exchanger may also be used to cool the interior of the com-
puter by transferring heat from the air inside the computer to
the water so that other components within the server enclo-
sure may be cooled with or without the use of external air
flow.

[0006] The water reservoir is preferably at lower pressure
than the devices being cooled. This can be accomplished by
keeping the reservoir at a lower elevation than the CPU or by
means of a check valve with a given cracking pressure or a
pressure regulator. This will provide negative pressure at the
CPU by means of gravity head. The water distribution system
provides the water at a pressure of approximately -2 in Hg to
the servers. This may be accomplished by means of the sys-
tem design, or by placing a pressure-regulating valve at the
server or rack level. The plumbing from the fluid supply
reservoir to the server may require a pump if the server is at a
significantly higher elevation than the cooling tower, such as
if it is on a different floor than the cooling tower. The supply
pump speed may be controlled so that the pressure at the
server is at the correct value.

[0007] The plumbing to and from the server may be
designed for low pressure drop, so as to keep the total system
delta pressure within limits. Alternatively, the plumbing to the
server racks may be high pressure plumbing supplied by a
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pump, with a pressure regulator to reduce the pressure to
below atmospheric as the water gets close to the electronics.
For the return system, larger pipes may be required for the
flow of air and water, as air will be introduced to the system as
servers are removed or replaced. Local air removal systems
may be used in order to prevent the return plumbing from
getting too large. Such systems may use local vacuum pumps,
plumbing to a central vacuum pump, or float actuated valves
and multiple compartments, as in U.S. Pat. No. 4,967,832,
which is incorporated herein by reference in its entirety.

Server Pressure Regulators

[0008] Each server may have an inlet pressure regulator and
an outlet pressure regulator in order to maintain a desired
delta pressure across the CPU heat exchanger. Each CPU will
typically have a temperature sensor, and an increase in tem-
perature over the inlet water temperature may indicate a prob-
lem with the heat exchanger. This may be used to indicate a
need for repair. A temperature sensor, such as a thermistor,
may be used to measure the inlet water temperature. Flow-
meters, such as a rotameter or turbine meter with a digital
readout, may also be used to monitor the flow. A filter may be
used after the cooling tower and before the heat exchanger to
prevent clogging of the heat exchanger passages. Chemical
additives may be used to prevent fouling of the heat
exchanger with biological films and to prevent corrosion. The
internal heat exchanger passages may be plated or anodized to
prevent corrosion.

Local Air Release

[0009] A vacuum reservoir may be located at each server
rack, and it may have a float actuated air release to allow for
the release of any accumulation of air. Such local air release
systems may require local vacuum pumps or connection to a
central vacuum system.

Interconnect with Draining Provision

[0010] Each server or server rack may be connected with a
dry disconnect system that allows for the automatic draining
of the server system. This connector may include the supply
and return flows. Such flows may be coaxial, in order to allow
for a small interconnect. The system is preferably designed to
remove all of the water from inside each subsystem such as a
CPU, server or server rack during the disconnection process.
For example, if the server contains 1 cc of water, and the flow
rate is 150 cc/minute of water, then it will take less than 1
second to drain the water out of the system. As the water is
replaced by air, the flow resistance of the heat exchanger
decreases, so the process may happen in less than 0.5 seconds.
This draining process is helped by the following connector
arrangement. To detach the connector in one embodiment
discussed below, the operator would depress a button that
operates a three-way valve that cuts off inlet water flow and
vents to allow air into the system. Negative pressure on the
return side of the connector holds the connector in until air
reaches the outlet. At this point, the negative pressure in the
system is diminished due to the much lower delta pressure of
air flowing through the heat exchanger and then the connector
may be easily removed. Removal of the connector seals the
outlet so that air does not continue to flow into the cooling
system return flow path. The button stays depressed, thereby
sealing off the inlet. To attach the connector, the operator
would insert the coupling, which would connect the return
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path, and the button would automatically release, which
would allow the supply flow to reach the components. This
system may also be actuated with a twist instead of a button
push. The connector may utilize a sacrificial metal, such as
zinc or utilize electrical potential to prevent corrosion inside
the CPU heat exchanger.

[0011] The fluid and vacuum pumps for the system are
preferably reliable and have a long life. They should also
provide a steady pressure on the suction side, and a low
pressure on the outlet, in order to deliver flow to the cooling
tower. One preferred design for maximum operational life
would be to use a dual chamber pump such as described in, for
instance, U.S. Pat. No. 7,611,333, which is incorporated
herein by reference, due to the very low net positive suction
head required and due to its ability to reject bubbles from the
inlet flow. Such a pump, when driven by a vacuum pump and
an air compressor, could provide a very low inlet pressure and
an independent output pressure. This type of pump could be
fitted with additional backup vacuum pumps and compres-
sors connected with check valves so that any single point
failure would not cause a system-wide failure. In addition, the
check valves and pressurization and vacuum valves and con-
trols could include redundant units.

[0012] An alternative would be to use a fluid pump and a
vacuum pump. For the fluid pump, a seal-less centrifugal
pump with a magnetic drive would work well, as would a
solenoid pump with an internal fluidic check valve, such as is
described by Tesla in U.S. Pat. No. 1,329,559, which is incor-
porated herein by reference. In these cases, a fluid pump could
be placed in parallel with a vacuum pump, with both con-
nected to a reservoir. The vacuum pump could be a piston type
with a Teflon or similar seal, which has a long lifetime, or it
could be a linear pump or a diaphragm pump. The pump must
be compatible with the humidity and any chemical used to
prevent corrosion or biofilm growth. A float valve, as is well
known in the art, may be used to keep water out of the inlet of
the vacuum pump.

[0013] Inoneembodiment, the system contains a reservoir
of cool water, which supplies water to a heat exchanger, with
the heated water returned to one or more reservoirs main-
tained partly full of water, the water level being maintained by
a vacuum pump and a water pump.

[0014] The vacuum reservoir may include a regulator to
maintain constant pressure and a level switch, such that if the
liquid level is too high, the liquid pump speed is increased,
sucking liquid out of reservoir and pumping it into a cooling
tower. This provides a constant pressure differential to mul-
tiple heat sources.

[0015] For a system that uses a liquid pump, it may be
necessary to prime the system. This may be accomplished by
turning the liquid pump off and allowing fluid to flow back-
wards through the pump. A flow actuated shuttle valve in the
pump output may be at a default off position allowing the
vacuum pump to suck fluid into the reservoir. Once the liquid
pump is primed and the level sensor activated, the liquid
pump may then turn on and pump the fluid out of the reservoir
and into the cooling tower.

[0016] Theheat exchanger may use a helical flow pattern to
put a long path into a short passage. This may be accom-
plished by placing a threaded rod in a metal tube so that the
flow must take a long path through the heat exchanger at a
high velocity. This has the added benefit of reducing the
volume of water in the heat exchanger, thereby reducing the
amount of water that needs to be cleared to service the heat
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exchanger. Alternatively, a rod with a tortuous path in relief
may be used to increase the water flow and turbulence. The
rod and cylinder may be square or of any other cylindrical
shape. The turbulator may be designed so that some of the
water flows over the flow passages in an axial direction. This
axial flow will interact with the helical flow to provide swirl in
the heat transfer passages in order to increase heat transfer. In
addition, the axial flow will reduce the flow resistance of the
heat exchanger. This arrangement may be particularly useful
in situations where the flow is laminar. For high power dissi-
pation systems, multiple parallel turbulators may be used. In
some installations, a flat plate heat exchanger may be used.
[0017] Although a CPU is described, this system maybe
used to cool any electronic component. Although water is
described, any coolant may be used instead of or in addition
to water. Although the system is described as using water for
evaporation and for cooling, a liquid to liquid heat exchanger
may be used to transfer heat from an evaporative system to a
closed system so that a non-corrosive or non-conductive cool-
ant may be used for the CPUs. This may be used in the case of
evaporative coolers which use salt water or reclaimed water,
for example. For low temperature operation, as in Northern
latitudes, a radiator, fan and glycol system may be used to
reject the heat and prevent freezing of the coolant. Since
CPUs can get up to 60 C, water can be heated to 50 C and used
for hot water service. The water used for cooling the comput-
ers may be kept at a temperature higher than the dew point of
the air in the data center to prevent condensation on the
plumbing or the heat exchangers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a diagram of a vacuum-pumped liquid
cooling system according to one embodiment

[0019] FIG.2is atop view of a typical air and water-cooled
heat exchanger with turbulator.

[0020] FIG. 3 is a section view of a typical air and water
cooled heat exchanger with turbulator.

[0021] FIG. 4 is an isometric view of a typical turbulator.
[0022] FIG.5is adiagram showing an example water clear-
ing disconnect system under normal operation.

[0023] FIG. 6 is adiagram showing an example water clear-
ing disconnect system during the disconnect process.

[0024] FIG.7is adiagram showing an example water clear-
ing disconnect system in a disconnected state.

[0025] FIG. 8 is a diagram of an alternate embodiment of a
vacuum-pumped liquid cooling system.

[0026] FIG. 9a is a section view of a vacuum accumulator
used to prevent drops of water from leaving the system when
it is disconnected, shown in a low-vacuum condition.

[0027] FIG.9bis asection view of the vacuum accumulator
of FIG. 9a, shown in a high-vacuum condition.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

[0028] The following detailed description presents a
description of certain example embodiments of the present
invention. In this description, reference is made to the draw-
ings wherein like parts are designated with like numerals
throughout.

[0029] Referring to the example embodiment shown in
FIG. 1, a supply of liquid coolant such as water 12 is main-
tained at a low temperature by the evaporation of the water as
it flows out of nozzle 13. The humid air flows out due to fan 14
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in cooling tower 11. Due to the low pressure in the reservoir
6, the water flows through a filter 9, and check valve 18 and a
supply pipe 5, through a pressure regulator 3, through another
check valve with a cracking pressure of approximately 1 inch
HG, through and vacuum accumulator 17 and then through a
fluid connector 2, to the computer with internal heat
exchanger 1. The water then receives heat from the internal
electronic components in the computer and flows out through
the connector to an extraction pipe 4 and then to the reservoir
6. A vacuum is maintained within the reservoir by the vacuum
pump 8. The vacuum pump 8 may be controlled by the pres-
sure sensor 15 to maintain an absolute pressure which is
above the vapor pressure of the water in its heated state. The
reservoir 6 may include a level sensor 7 such that if a certain
level is exceeded, the liquid pump 10 speeds up, thereby
pumping liquid out of the reservoir 6 and into the cooling
tower 11. The cooling tower 11 will require makeup water to
replace water that is evaporated, as is known in the art of
evaporative coolers generally. In addition, a system may be
required to prime the pump 10, as is known in the art of
pumps.

[0030] Referring to FIG. 2, an example air and water heat
exchanger 200 comprises a water cooling portion 210, which
includes inlet tube 22 and outlet tube 23 to provide water (not
shown) to the turbulator 20 (shown in more detail in FIG. 4),
and a metal heat spreader 24 that is in thermal contact with the
electronic device (not shown) on one side and the water on the
other. A series of fins 21 are provided in thermal contact with
flowing air in the event that the liquid cooling system is not
operational. A fan (not shown) would typically be used in
proximity to the fins 21 to provide cooling air. A turbulator 20
fits inside the metal heat spreader 24 and reduces the amount
of water needed to cool the device and increases the velocity
and turbulence level in the water. In this device 200, the water
inlet 22 may be adapted to provide a point of jet impingement
cooling closest to the heat source, and to flow the water in a
helical path through the turbulator 20 to the outlet tube 23. In
some cases a portion of the flow may flow over the helical
flow passages in the turbulator 20 in short circuit from the
inlet 22 to the outlet 23. This flow may enhance heat transfer
by causing the helical flow to swirl.

[0031] FIG. 3 shows a partial cross-sectional side view of
the air and water heat exchanger 200 shown from the top in
FIG. 2. The turbulator 20 can be seen installed in the heat
spreader 24, and providing a narrow helical path 25 for the
cooling water. The CPU is not shown in this view; it would
normally be attached to the bottom or lower portion of the
heat spreader 24. FIG. 4 provides an isometric view of the
turbulator 20, which shows the helical flow path 25 more
clearly.

[0032] FIG. 5 provides a diagram of an example water
clearing system in normal operation, depicting the water
flowing through a supply valve 71 and, and then through a
heat exchanger, 21, and then out through a return valve 72. In
this configuration the valves 71, 72 are sealed from the out-
side air.

[0033] FIG. 6 shows a diagram ofthe water clearing system
of FIG. 5 during the disconnect process. Before disconnect-
ing the fluid supply and extraction lines (not shown), the user
activates valve 71 which allows air to flow into the heat
exchanger 21, shown schematically. The valve 71 may be
connected to a latch (not shown) that prevents the fluid lines
from being removed until the valve is depressed. The latch
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can be configured to remain in a latched position, so valve 71
remains activated until the connector (not shown) is rein-
serted into the computer.

[0034] FIG.7 shows a diagram ofthe water clearing system
of FIG. 5 upon completion of the disconnect process, such
that the heat exchanger 21 is disconnected from the liquid
cooling system. In this case, the supply valve 71 remains
activated so that air does not flow into the cooling system. And
return valve 72 is also activated so that air does not flow into
the cooling system. Return valve 72 may be activated by a pin
or latch (not shown) so that it shuts off when the heat
exchanger 21 is disconnected from the liquid cooling system.
The connector may be designed to be retained until all the
liquid is removed from the heat exchanger. This retaining
feature would be activated by the subatmospheric pressure
due to the suction in the return line. However, once the heat
exchanger was no longer full of water, there would be less
delta pressure across the heat exchanger.

[0035] Referring now to the example embodiment shown in
FIG. 8, the centrifugal pump 8 and reservoir 6 of FIG. 1 has
been replaced by a multiple chamber pump which acts as a
vacuum pump, reservoir, water/air separator and pressure
pump. In this embodiment, the system may use two reser-
voirs, a main reservoir 6, and an auxiliary reservoir 56. The
operation of this system is as follows: the water flows in to the
reservoir 6 from the extraction pipe 4 through the check valve
49 under suction. The pressure in the reservoir 6 is maintained
at a low level by vacuum pump 8, which is connected to the
reservoir by open valve 44. A vacuum reservoir, 55 may be
used to provide a steadier suction. The water flows into the
reservoir 6 until the level sensor 41 indicates that the reservoir
6 is nearly full. Then the valve 34 opens, lowering the pres-
sure of auxiliary reservoir 56 so that water may flow into it as
well through check valve 38. Once flow is established into
both reservoirs 6, 56, valve 44 shuts and valve 43 opens,
thereby pressurizing main reservoir 6 so that water flows
through check valve 48 and into the cooling tower 11. Then
the level in reservoir 6 reaches a low level, as indicated from
level senor 42, at which time the valve 43 shuts. Then the
valve 44 opens and flow is established under suction into the
main reservoir again, at which time the auxiliary reservoir
vacuum valve, 34 is shut and the pressurization valve 33 is
opened forcing water out through check valve 39 until the
level in the reservoir reaches the low level sensor 32. The level
sensor 31 can be used to indicate if there is a system failure,
under normal operation it would not be needed because the
system is designed so that the flow out of the reservoirs 6, 56
is higher than the flow into the reservoirs 6, 56, so the auxil-
iary reservoir 56 is never completely full, thereby allowing
for the flow through the heat exchangers 1 to be steady while
the flow to the cooling tower 11 is intermittent. The pressure
and vacuum levels can be monitored by the pressure pump 53
and the vacuum pump 8 using the pressure sensors 54 and 15.
The entire system can be controlled by a computer or by a
logic circuit. A float 51 may be used to sense the level and
reduce evaporation of the water in the reservoirs.

[0036] Referring to FIGS. 94 and 95, a vacuum accumula-
tor 17 is shown, having a liquid inlet 61 and liquid outlet 63.
The vacuum accumulator 17 comprises a flexible diaphragm
62 which may be flat or nearly flat when no pressure differ-
ential exists between inside and outside the accumulator 17,
as in FIG. 9a. When a vacuum or pressure less than the
external atmosphere is provided by the system inside accu-
mulator 17, the diaphragm 62 is displaced into the liquid and
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holds a steady position as shown in FIG. 95. If the CPU is
disconnected from the rest of the system, then the check valve
16 shuts and the diaphragm 62 springs back into the flat
position as in FIG. 9a. This tends to prevent dripping of liquid
out of the system.

[0037] While the invention has been described in connec-
tion with specific embodiments thereof, it will be understood
that it is capable of further modification, and this application
is intended to cover any variations, uses, or adaptations of the
invention following, in general, the principles of the invention
and including such departures from the present invention as
would be understood to those in the art as equivalent and the
scope and context of the present invention is to be interpreted
as including such equivalents and construed in accordance
with the claims appended hereto.

What is claimed is:

1. A system for cooling an electrical device, comprising:

a fluid-containing heat exchanger thermally coupled to the
electrical device;

a fluid-containing reservoir in fluid communication with
the heat exchanger, the reservoir defining an opening,
the reservoir partially full of coolant fluid such that the
coolant fluid is at a level below the opening;

a fluid pump in fluid communication with the reservoir and
the heat exchanger; and

avacuum pump in vacuum communication with said open-
ing in said reservoir;

wherein the fluid pump in combination with the vacuum
pump causes the coolant fluid to flow from the reservoir
through the heat exchanger and back to the reservoir
under less than atmospheric pressure.

2. The system of claim 1, further comprising:

a second heat exchanger thermally coupled to the electrical
device, the second heat exchanger adapted to transfer
heat from the electrical device to the air surrounding the
second heat exchanger; and

a fan adapted to move air past the fluid-containing heat
exchanger.

3. The system of claim 1, wherein the fluid-containing heat
exchanger is adapted to transfer heat from the electrical
device to the air surrounding the fluid-containing heat
exchanger, further comprising a fan adapted to move air past
the fluid-containing heat exchanger.

4. The system of claim 1, further comprising:

an evaporative cooling tower in fluid communication with
and thermally coupled to the coolant fluid.

5. The system of claim 1, wherein the fluid-containing heat
exchanger further comprises a turbulator adapted to cause the
coolant fluid to flow in a helical path.

6. The system of claim 1, wherein the coolant fluid flows
over a plated surface.

7. The system of claim 1, further comprising:

afluid level sensor located in the reservoir and providing an
output based on the level of the fluid in the reservoir, the
fluid pump being adapted to operate in response to the
output of the fluid level sensor.

8. The system of claim 1, further comprising:

afluid level sensor located in the reservoir and providing an
output based on the level of the fluid in the reservoir, the
fluid pump being adapted to operate in response to the
output of the fluid level sensor and to maintain the fluid
level in the reservoir within a range.
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9. The system of claim 1, further comprising:

a vacuum regulator in vacuum communication with the
vacuum pump and adapted to maintain a pressure in the
reservoir less than atmospheric pressure.

10. The system of claim 1, further comprising:

afluid filter in fluid communication with the fluid-contain-
ing heat exchanger and adapted to prevent debris from
entering the fluid-containing heat exchanger.

11. The system of claim 1, further comprising:

a coolant fluid pressure regulator in fluid communication
with the fluid-containing heat exchanger, the coolant
fluid pressure regulator adapted to provide a constant
pressure differential across the fluid-containing heat
exchanger.

12. The system of claim 1, further comprising:

a vacuum accumulator in fluid communication with the
fluid-containing heat exchanger.
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13. The system of claim 1, further comprising:

a connector releasably connecting the fluid-containing heat
exchanger to the fluid-containing reservoir, the connec-
tor adapted to release the fluid-containing heat
exchanger from the fluid-containing reservoir only
when substantially all of the coolant fluid has been
evacuated out of the fluid-containing heat exchanger.

14. The system of claim 1, further comprising a plurality of
fluid-containing heat exchangers thermally coupled to a plu-
rality of electrical devices.

15. The system of claim 1, further comprising an air com-
pressor in fluid communication with at least one reservoir,
said compressor configured to pump said coolant fluid out of
said reservoir.



