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TITLE
IMMERSION COOLING RESERVOIR LEVEL CONTROL

BACKGROUND

{30011  Immersion cooling systems may be used to cool power distribution
components of computer systems, such as commercial computer servers, by
submerging those components in a tank filled with a dielectric coolant (sometimes
referred to simply as a fluid). Often, such immersion cooling systems may be used
with multiple off-the-shelf smaller racks and use tanks that may require separate

cooling systems for cach rack.

{00027  Although a single pump and heat exchanger may be used to cool multiple
racks (i.e., a shared coolant distribution system), problems may arise in justances in
which the muitiple racks are desired to be cooled at different rates. In instances in
which minor differences in coolant flow are used to vary the cooling rates of the racks,
a difference 1 coolant levels in the various racks may be introduced. The ditference
in coolant levels may be a risk to the racks located in other tanks in instances in which
the coolant levels raise too high or the coolant levels fall too low. In instances in
which the coolant level is too high, there may be a risk that the coolant level may
overflow the tank containing the rack. In instances in which the coolant level is too
low, there may be the risk of exposing parts or all of the computer system to air,
which can cawse overheating due to insufficient coolant and cooling. In addition, in
instances in which coolant levels fall to too low, there may be the risk of introducing
air into the coolant circuit, which may damage pumps that circulate the coolant.
While the coolant may be pumped out of the bottorm of the tanks to avoid air intake, a
subsequent leak or failure at a valve and/or duct located near the bottom of the tank
may result in a complete draining of the tank. This in turn may again ron the risk of
exposing parts or all of the computer system to air, which can cause overheating due

to insufficient coolant and cooling.
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SUMMARY

{00031 Various aspects of the present disclosure include methods, systems, and
devices for controlling coolant levels in a plurality of component cooling tanks
sharing a unified coolant distribution systems. Various aspects may include first
coolant level regulator components of a first component cooling tank, second coolant
level regunlator components of a second component cooling tank, and a processor. The
first coolant level regulator components of the first component cooling tank may
include a first temperature sensor configured to measure a teroperature of the coolant
in a first reservoir, a first coolant release valve configured to regulate the release of
coolant from the first reservoir, and a first coolant level detector configured to detect a
level of the coolant in the first reservoir. The second coolant level regulator
components of the second component cooling tank may include a second temperature
sensor configured to measure a temperature of the coolant in a second reservoir, a
second coolant release valve configored to regulate the release of coolant from the
second reservoir, and a second coolant level detector configured to detect a lfevel of
the coolant in the second reservoir. The processor may be configured to receive the
temperature measurements from the first terperature sensor and the second
temperature sensor. The processor may also be configured to signal at least one target
coolant level update for adjusting a level of the coolant in the first reservoir by the
first coolant release valve. The at least one target coolant level update may be
determined based on a temperature average of the received temperatare measarements
from the first temperature sensor and the second temperature sensor. The first coolant
release valve may be configured to adjust a release of the coolant from the first
reservoir in response to comparing the detected level of the coolant in the first
reservolr to a target coolant level indicated by the at least one target coolant level
update.

{00834]  The first coolant level detector may include an ulirasonic fluid level sensor.
The first coolant level regulator components may include a first coolant level
controller configured to receive the signaled at least one target coolant fevel update.
The first coolant level controller may be configured to activate the first coolant release

valve in response {0 receiving the at least one target coolant level update. The first
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coolant level controller may be configured to operate independent of the processor
configured to receive the temperature measurements from the first temperature sensor
and the second temperature sensor. The signaled at least one target coolant level
update from the processor may be configured to divectly control at least the first
coolant release valve for regulating the release of coolant associated therewith, The
signaled at Ieast one target coolant level update from the processor may be determined
by converting the terperature average of the received temperature measurements o a

density average of the coolant ju the frst reservoir and the second reservoir.

{0865]  In some embodiments, the first coolant release valve may include a lincar
actuator configured to control a state of a coolant gate regulating the release of
coolant. In some embodiments, the first coolant release valve may include a rotary
actuator configured to control a state of a coolant gate regulating the release of

coolant.

{0006] In some cmbodiments, the processor may be further configured to signal the
at least one target coolant level update for adjusting a level of the coolant in at least
one of the second reservoir by at least the second coolant release valve, wherein the at
least one target coolant level update is determined based on the temperature average
of the received temperature measwrements from the fitst temperature sensor and the

second fenmiperature sensor.

{00071  In some embodiments, the system may further include third coolant level
regulator components of a third component cooling tank and fourth coolant level
regulator components of a fourth component cooling tank. The third coolant level
regulator components of the third component cooling tank may include a third
temperature sensor configured to measure a temperature of the coolant in a third
reservoir, a third coolant release valve configured to regulate the release of coolant
from the third reservoir, and a third coolant level detector configured to detect a level
of the coolant in the third reservoir. The fourth coolant level regulator components of
a fourth component cooling tank may include a fourth teraperature sensor configured
to measure a temperature of the coolant in a fourth reservoir, a fourth coolant release

valve configured to regulate the release of coolant from the fourth reservoir, and a
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fourth coolant level detector configured to detect a level of the coolant in the fourth
reservoir. The processor may be configured 1o receive the temperature measurements
from the third temperature sensor and the fourth temperature sensor. The at least one
target coolant level update signaled by the processor may be configured to adjust a
level of the coolant in at least one of the third reservoir or the fourth reservoir by the

third coolant release valve or the fourth coolant release valve, respectively.

{60081  In some embodiments, the first reservoir and the second reservoir may be
configured to hold an overflow of the coolant from the first component cooling tank
and the second component cooling tank, respectively. The lirst reservoir and the
second reservoir may cach be the largest coolant reservoirs of the first component
cooling tank and the second component cooling tank, respectively.

{300%]  Various embodiments include a method for controlling coolant levels in two
or more component cooling tanks sharing a unified coolant distribution system. The
method includes receiving, at a processor of the unified coolant distribution system,
temperature measurements of a coolant in a first reservoir and a second reservoir of
the two or more component cooling tanks. Also, the method includes receiving, at the
processor of the anified coolant distribution system, a coolant level measurement of
the coolant in the first reservoir, Additionally, the method includes signaling, by the
processor to a coolant level regulator component of each of the two or more
component cooling tanks, a target coolant level update configured 1o equalize levels of
the coolant in the first reservoir and the sccond reservoir to a target coolant level,
wherein the target coolant level is determined based on the received coolant level
measurement and a temperature average of the received temperature measurements of

the coolant in the first reservoir and the second reservoir.

{6016]  In some embodiments, the target coolant level update signaled by the
processor may be determined by converting the temperature average of the received
temperatore measurements o a density average of the coolant in the first reservoir and

the second reservoir.

{0011}  Signaling the target coolant level update may include signaling a first

coolant level controller configured o control a first coolant release valve that
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regulates the release of coolant from the first reservoir and a second coolant level
controller configured to control a second coolant release valve that regulates the

release of coolant from the first reservoir.

{0012]  Signaling the target coolant level update may include directly activating at
least one of a first coolant release valve that regulates the release of coolant from the
first reservolr or a second coolant release valve that regulates the release of coolant

from the {first reservoir.

BRIEF DESCRIPTION OF THE DRAWINGS

{0013  The accompanying drawings, which are incorporated herein and constitute
part of this specification, illusirate exemplary embodiments of the claims and together
with the general description given above and the detailed description given below,
serve to explain the features of the claims.

[06G614]  FIG. 1A is a schematic view of a single-phase cooling distribution unit used
to cool two component cooling tanks in accordance with various embodiments.

{0815] FIG. 1B is a schematic view of a single-phase cooling distribution unit used
to cool fowr component cooling tanks in accordance with varioas embodiments.
{0016] FIG. 2A is a perspective view of a system schematic for controlling coolant
fevels in component cooling tanks sharing a unified coolant distribution system in
accordance with various embodiments.

{66171 FIG. 2B is a schematic relief view of a coolant level detector suitable for
use with various embodiments.

[GGI8]  FIGS. 34 and 3B are vertical cross-sectional views of a component cooling
tank inclading a reservoir with a coolant release valve in closed and open positions,
respectively, in accordance with various embodiments.

{0619]  FIG. 4A is a perspective relief view of a linear coolant release valve ina
reservolr in accordance with various embodiments,

{00201 FIG. 4B is a perspective relief view of a rotary coolant release valve ina

reservoir in accordance with various embodiments.
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{0821] FIG. 5 is a process flow diagram of a method for controlling coolant levels
in two of more component cooling tanks sharing a onified coolant distribution system

in accordance with various embodiments.

BETAILED DESCRIPTION

{0022]  The following disclosure provides many different embodiments, or
examples, for implementing different features of the provided subject matter. Specific
examples of compouents and arrangements are described below to simplhity the
present disclosure. These are, of course, merely examples and are not intended to be
limiting.

2% i

{0023]  Further, spatially relative terms, such as “bencath,” “below,” “lower,”
“above,” “apper” and the like, may be used herein for ease of description to describe
one element or feature’s relationship to another element(s) or feature(s) as lustrated
in the figures. The spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to the orientation depicied in
the figures. The apparatus may be otherwise oriented {(rotated 90 degrees or at other
orientations) and the spatially relative descriptors used herein may likewise be
interpreted accordingly.

{08241  Various embodiments will be described in detail with reference o the
accompanying drawings, Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like parts. References made to
particular examples and implementations are for iHastrative purposes and are not
intended to limit the scope of the claims.

{0025]  In various embodiments, adjustments to the coolant level in each of a
plurality of coolant tanks that share a volurne of circulated coolant may be made to
one, some or all of the plurality of the coolant tanks based on an average temperature
of the coolant across the plurality of coolant tanks, The measure of the average
temperatare mway be used to determine a current volume of the bulk fluid of the shared
volume of circulated coolant across the plurality of coolant tanks. The measure of the
average temperature may in turn be used to adjust an amount of coolant (i.e., volume

of coolant) maintained in the coolant tanks or at least overflow, buffer, and/or cutflow
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reservoirs thereof, To control coolant levels across the plurality of component cooling
tanks, varions embodiments may adjust coolant levels in each of the plorality of
coolant tanks themselves and/or the reservoirs thereof, Thus, while various
embodiments herein are described as adjusting the volume of the “reservoirs,” it
should be understood that the coolant level regulator compounents described herein
may be used in the reservoirs and/or directly in the main reservoirs of each of the
plurality of coolant tanks that hold the components being cooled. In this way, as used
herein the term “reservoir” may refer to either main component cooling tank
reservoirs, outflow reservoirs, buffer reservoirs, and/or overflow reservoirs.

{3026]  The manifolds that allow coolant into multiple reservoirs typically provide
uneven coolant flow into the dulferent reservoirs. Hven if the reservoir inlets were
equipped with reservoir inlet control valves, which they are not typically equipped
with, the inflow going to different reservoirs may vary. Also, while adjustable valves
may be added to cach of the indet ports feeding coolant into the separate reservoirs,
often space is more limited in or around the manifold. Thus, various embodiments
add dynamically regulated valves at an exit port (i.e., an outlet) for the coolant in each
reservoir. Without separately regulating the outlet ports of the manifold or inlet ports
of the reservoirs, various embodiments dynamically regulate the outlet ports of the
TESETVOIrS,

{6027}  Inaccordance with varions embodiments, the height of the volume of
coolant maintained in cach of the plurality of reservoirs may be adjusted based on the
measured average temperature. These adjustments may encourage an equal height of
coolant (1.¢., fluid) across the plurality of reservoirs. The systermn may attempt © keep
all the reservoirs at the same coolant level in order to maintain an even hydraulic head
for the coolant exiting all the reservoirs, which encourages the outflow of coolant
from the reservoirs to feed into the suction return evenly.

{0028] In accordance with various embodiments, the coolant height and
temperature measurements may be communicated to a system controller. The system
controller may be configured to make determinations regarding the coolant height and
temperature, as well as direct the reservoir controller to change coolant levels if

necessary. For example, using 2 Modbus remote terminal unit (RTU), programmable
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logic controller (PLC) controller, or a controlier area network (CAN), multiple
reservoir controllers may communicate with the shared controller. In this way, the
shared controlier may determine a current average coolant height for 4 plurality of
reservoirs and compare that to a target average coolant height for the plurality of
reservoirs. In instances in which the current coolant beight in any or all of the
plurality of reservoirs is above or below the target average coolant height, flow
adjustments may be made to bring coolant height in each reservoir to the target
average. The reservoir controller(s) may thus adjust the coolant levels in tesponse to

receiving instractions to do so from the shared controller.

{60291  The coolant level reflects not only the mass of coolant, but also the coolant
temperature since the volume of coolant for a given mass will change as a function of
coolant bulk temperature, Thus, a low coolant level for coolant that is at a relatively
high temperature may be more alarming than the same low coolant level for coolant
that is at a relatively low temperature. In response to detecting a temperature change
across the reservoirs, various embodiments may change a target average 1eservoir

coolant height accordingly.

[0033]  In accordance with various embodiments, a ceniral or unified control
system may evaluate various clements of the systems parameters to report abnormal
situation and may autonomously adjust things to a safe coolant level in the event of
communication loss between control elements of the more than one returmn reservoir
monttoring and control elements. In addition, or alicrnatively, individaal coolant level
controllers for cach componcnt cooling tank may operate autonomously, which may
provide a backup or failsafe upon failure of the main system controlier. Each of the
plurality of reservoirs may communicate their respective coolant level and
temperature to a shared controller for determining a current average coolant level,
which may be used as a control point. That control point may be used to determine a
new target average coolant beight, which considers the current coolant temperature.
That new target average coolant height may be used to adjust coolant heights in all the

reservoirs accordingly.
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{00311  FIG. 1A illustrates a single-phase cooling distribution system 100 suitable
for various embodiments. The single-phase cooling distribation systern 100 inclades
a single-phase cooling distribution unit 20 configured to remove thermal encrgy from
two or more component cooling tanks 110, which may be open racks. In particular,
FIG. 1A includes two component cooling tanks 110 being cooled by the single-phase
cooling distribution unit 20. The single-phase cooling distribution unit 20 may
include a coolant pump that circulates the coolant through a coolant-to-water heat
exchanger. The water passing through the heat exchanger may be configured to
absorb heat from the heated coolant and dissipate the absorbed heat in a cooling tower
30, such as an evaporative cooling tower, dry cooler, existing chilled water loop. or
other cooling system. The heated coolant absorbs heat form electronic compouents
disposed within the component cooling tanks 110, The heated coolant may be
circulated to the coolant-to-water heat exchanger included in the single-phase cooling
distribution anit 20. Cooled coolant may be circulated from the coolani-to-water heat
cxchanger included in the single-phase cooling distribution unit 20 back into the
component cooling tanks 110. Alternatively, an open loop cooling water supply and
disposal system may be used. The single-phase cooling distribution unit 20 may
circulate coolant as a coolant input flow rate Civ.i, T through each of the two
component cooling tanks 110 to dissipate the thermal energy generated by electronic
equipment disposed therein (.¢., components). The individual component cooling
tanks 110 are considered “open” or referred o as “open racks,” if they have a liguid to
air interface with the air at atmospheric pressure. The component cooling tanks 110
may have lids or covers but need not be scaled closed to allow the air to maintain
atmospheric pressure. The individual component cooling tanks 110 may be
coufigured to hold computing devices that generate heat. The component cooling
tanks 110 are configured to receive and hold the circulating single-phase coolant used
to dissipate that heat. Heated coolant may exit the component cooling tanks 110 as a
coolant exit flow rate (Coura, Cour), which be recirculated back to the single-phase
cooling distribution unit 20 for the cycle to repeat. Although FIG. 1 shows two (2)
component cooling tanks 110, alternative embodiments may have three or more

component cooling tanks 110,
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{08321  As the temperature of the coolant heats up, the coolant expands, which
means the volume of coolant increases and the density thereby decreases. The
opposite occurs when the coolant cools down. Since each of the component cooling
tanks may contain different electronic components, a different namber of electronic
components, and/or electronic components that are operating at different levels
causing different heat generation. Thus, an uncven generation of heat may occur
among different component cooling tanks 110, As a result, the volame of coolant
retained withn the individual component cooling tanks 110 may also vary., This also
results in all or many of the component cooling tanks 110 potentially having different
coolant exit flow rates Cour.y, Covure. Such disparities between component cooling
tanks 110 may caose a poteniial for unequal {low between parallel open componend
cooling tanks 110. This unequal flow may create the possibility of component cooling
tanks 11{ having unequal coolant heights, particularly between their reservotrs when
included. A reservoir of a compounent cooling tank may have the coolant level
contained therein drop below a level of an outlet duct. This may in-turn cause air to
be pulled into the pipes and pump(s) circulating the coolant. In some cases, the
irmbalance may create unusually high coolant levels in one or more of the component
cooling tanks 110 or the reservoirs, creating the risk of overflow and coolant being

{ost from the containment system.

{60331  The thermal expansion/contraction of coolant as it cycles between
minimum and maxinum termperatures further complicates the matter. Reservoirs of
the component cooling tanks 110 may be configured to buffer the volumetric change
of dielectric coolant fluid over normal temperature ranges. However, as the volume
and therefore level of coolant changes, due to thermal temperature changes, a simple
mechanical float mechanism cannot compensate for the phenomena.

{60341  Various embodiments 1uclude a system for controlling coolant levels 1o two
or more component cooling tanks 110 sharing the single-phase cooling distribution
system 100. The system for controiling coolant levels may include coolant level
regulator components 145 in each of the component cooling tanks 110, as well as a
controller 120 communicatively coupled to the coolant level regulator components

145, The coolant level regulator components 145 may include a temperature sensor

16
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140 and a coolant release valve 160. Each temperature sensor 140 may be configured
to measure a temperature of the coolant in a reservolir of the respective component
cooling tanks 110. Additionally, or alternatively, the teraperature sensor 140 may be
counfigured to measure air temperature, Hquid temperature, or the temperature of solid
matter. For example, the temperature sensor 140 may include a thermistor, resistance
temperature detector (RTD), thermocouple, temperature probe, ete. Also, cach
coolant release valve 160 may be configured to regulate the release of coolant from
the reservoir of the respective component cooling tanks 110. A processor of the
controller 120 may be configured to receive temperatore measurements from the
temperature sensors 140, Also, based on the received temperature measurements, a
processor of the controller 120 may determine a target coolant level for the reservoirs,
which may require adjusting levels of the coolant in at least one of the reservoirs by
the corresponding coolant release valves 160. The controller 12 may signal the
determined target coolant level to one or both of the coolant release valves 160, Such
a signal from the controller 120 may take the form of a target coolant level update.
The target coolant level update may be configured to cause one or both of the coolant
release valves 160 to adjust the coolant levels in their respective reservoirs.

{0635] Additionally, cach of the coolant level regulator components 145 may
include a coolant level detector. A coolant level detector may be configured to detect
alevel of the coolant in the reservoir, which way be usefud 1o determine whether to
adjust a releasc of the coolant from the reservoir.

{80361 As a further alternative and/or addition, each of the coolant refease valves
160 may be managed by a coolant level controller, which may be a further component
of the coolant level regulator components 145, In this way, the controller 120 may
signal the coolant level controller, which may in-turn adjust its corresponding coolant
release valve 160, if necessary,

{0037] Various embodiments may use muliiple immersion cooling rack assemblies
118 in parallel to reduce the cost per space of cooling. For example: four immersion
cooling rack assemblies 110 of approximately 50U may be connected to a single
pump. While some datacenters use the same information technology load in each area

or impuersion cooling rack asserobly 110, some collocation facilities may have
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different loads from one immersion cooling rack to another. Customer may only
require a single rack of space, which needs far fewer resources than a castomer using
multiple racks.

{3038} FIG. 1B illustrates another single-phase cooling distribution system 101
suitable for various embodiments. The single-phase cooling distribution system 101
includes a single-phase cooling distribution unit 20 configured o remove thermal
energy from four component cooling tanks 110, similar to those components described
above with regard to FIG. TA. The single-phase cooling disttibution unit 20 may
circulate coolant at a coolant input flow rate Civi, Cmvo, Civs, Cvg through cach of
the four component cooling tanks 110 to dissipate the thermal energy generated by
elecironic equipmoent disposed therein. In addition, the comnponent cooling tanks 110
may potentially have different coolant exit flow rates Cour i, Courz, Cour s, Coura.
Although FIG. 1B shows four (4) component cooling tanks 110, alternative
embodiments may have three or more than four component cooling tanks 110. Like
the single-phase cooling distribution system 100 described above with regard to FIG.
1A, the single-phase cooling distribution system 101 may fnclude a system for
controlling coolant levels, which may include stmilar coolant level regulator
components 145 in each of the component cooling tanks 110, as well as the controller
120 communicatively coupled o the coolant level regulator components 143, Also,
the coolant level regulator components 145 may jnclade the temperature sensor 140
and the coolant release valve 160, which the controler 120 may use to determine
target coolant level updates for adjusting levels of the coolant in at least one of the

reservoirs in the component cooling tanks 110,

{00391  FIG. 24 iHustrates various aspects of a systern 200 for controlling coolant
fevels in two component cooling fanks {e.g., 110 in FIG. 1A) sharing a unified coolant
distribution system in accordance with various embodiments. The system 200 may
include the controller 120, which is communicatively coupled to coolant level
regulator compeonents, such as the temperature sensors 140-1, 140-2 and the coolant
release valves 160-1, 160-2. The controller 120 may bave a wired and/or wireless
connection directly to the coolant level regulator components {¢.g., the temperature

sensors 140-1, 140-2 and the coolant release valves 160-1, 160-2) in each reservoir

12
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130-1, 130-2. For cxample, the controller 120 may use a commumication BUS 125
configured to communicatively couple the controller 120 to the coolant level regulator
componenis, Alternatively, the controtler 120 may have a wired and/or wireless
connection (o a coolant level controlier 150-1, 150-2, which may be coupled to one or

more of the coolant level regulator components,

{00461  The reservoirs 130-1, 130-2 may be configured to hold coolant 50 therein.
in various embodiments, the reservoirs 130-1, 130-2 may be configured to operate as
overflow reservoirs, receiving overflow coolant from larger holding tanks, such as
ones holding electronic components being cooled. The overflow coolant may flow
into cach of the reservoirs 130-1, 130-2 through an open top 132-1, 132-2 or other
aperture at different overflow input flow rates Opey, O, In some embodiments, the
reservoirs 130-1, 130-2 may be configured as an outflow reservoir conligured to
collect coolant prior (o it exiting through an outlet duct 138-1, 138-2, The reservoirs
130-1, 130-2 may have extra headspace (i.e., volume) to buffer volumetric changes in
coolant due to temperature changes. In addition, the reservoirs 130-1, 130-2 may
potentially have different coolant exit flow rates Cour1, Courz. Alternatively, each
reservoir 130-1, 130-2 may form the main component holding reservoir of that
respective component cooling tank (i.¢., a tank without an overflow reservoir). In this
way. the overflow input flow rate Omey, Omv.2 would be the equivalent to the coolant
input flow rates Cpvy, Cpve  described above with regard to FIG. 1A, Although the
system 200 includes only two reservoirs 130-1, 130-2, additional reservoirs andfor

component cooling tanks may be included.

{0041}  Atroom temperatiire or some other setup temperature, an initial coolant
height He.ne of the surface level 52-1, 52-2 of the coolant 50 in each reservoir 130-
1, 130-2 may be known, as well as the corresponding initial temperature Tiue (.8,
room temperature) and initial density of the coolant 50. Similarly, since the
dimensions of each reservoir 130-1, 130-2 are known, a horizontal cross-sectional
area Ag of each reservoir 130-1, 130-2 (or an average thereof) may be used in
conjunction with the initial coolant height Hg.nx to determine an initial coolant

volume Vi, Over time, as the electronic components being cooled generate heat and
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such heat is transferred to the coolant, the temperature of the coclant 50 may increase.
Also, as the temperatore of the coolant 50 increases, fluid expansion may cause the
coolant levels Hr.1, Hr2 10 rise n each of the reservoirs 130-1, 130-2. In addition, the
temperatare of the coolant 50 in different reservoirs 130-1, 130-2 may vary since there
may be variations in the amount of heat geverated by the electronic components in
different component cooling tanks. Thus, the coolant level rise may also vary from

tank to tank.

[4042] In accordance with various embodiments, each reservoir 130-1, 130-2 may
wnclude a set of coolant level regulator coraponents, which are configured to control
the coolant levels Hr.1, Hy.2 in each of the reservoirs 130-1, 130-2. In this way, a first
reservoir 130-1 {e.g., associated with a first component cooling tank) may include first
coolant level regulator coroponents. Similarly, a second reservoir 130-2 (e.g.,
associated with a second component cooling tank) may include second coolant level
regulator components. As described above, the coolant level regulator components
may include a temperature sensor 140 and a coolant release valve 160-1, 160-2. Each
temperature sensor 140-1, 140-2 may be configured to measure a temperature of the
coolant 5O in one of the reservotrs 130-1, 130-2. Also, each coolant release valve
160-1, 160-2 may be configured to regulate the release of coolant from one of the

reservoirs 130-1, 130-2 through the outlet ducts 138-1, 138-2.

{00431 A processor of the controller 120 may reccive a first temperature
measurement Ty from a first temperature sensor 140-1 of the first veservoir 130-1 and
receive a second temperature measurement T from a second temperature sensor 140-
2 of the second reservoir 130-2. Using the received temperature measurements Ty, Ts,
the processor may defetmine a current average reservoir temperature Tave. (2.8,
{(T++7T2)/2=Tavy). In a system with more than two reservoirs, femperature

measurements from the additional reservoirs may be included in the temperature
average calculation.

{(6044]  The coolant 50 used in the reservoirs 130-1, 130-2 {e.g., a diclecuric
coolant) may have well known propertics, such as density g, which may vary with

temperature. As noted above, an initial coolant temperature Tiw may be known, such
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as an ambient temperature (i.e., room temperature). In addition, since the density
variations based on temperature are generally known, a correlation between
temperature and density may be maintained in a lookup table, such as in memory of
the controller 120 and/or one or more of the coolant fevel controllers 150-1, 150-2.
Thus, the tnitial coolant teroperatare T will bave a corresponding initial coolant
deunsity pmie. Also, as coolant temperatures change, the processor of the controller 120,
may use the lookup table to convert (i.e., translate} an average of the current measured
temperatures (1.., a temperature average) into an estimation of current average
coolant density (i.c., a density average). For example, an average coolant terperature

Tave may be translated into an average coolant density pave.

{(6G45] Based on temiperatures measured by the temperature sensors 140-1, 146-2
and the corresponding coolant density thereof, the controller 120 may determine a
target coolant height Hry, which may correspond to an optimal coolant level that
should be maintained across all the reservoirs 130-1, 130-2. The processor may then
use the coolant level regulator components to ensure or at least encourage the
reservoir coolant levels get adjusted to or maintained at the target coolant height Hr.
For exampie, the processor may use the following equation to determine a target
coolant height Hr:

Hr = Vi * (pinie/ Pave - 117 Ar + Hroimn (1)
In equation (1), Hy represents the target coolant height, Vime represents the initial
coolant volume {e.g., at setup). e represents the niial coolant density, favg
represents an average coolant density based on the average measured coolant
temperature {e.g., Tave), Ar represents the horizontal cross-sectional area of each
reservoir 130-1, 130-2, and He.w represents the initial coolant height in the reservoirs
130-1, 130-2. Alternatively, the processor may use a lookup table to directly
determine the target coolant height Hy based on the average measured coolant

temperature Tave.

{0046]  Once the target coolant height Hy is determined, the controller 120 may

>

initiate operations o control the coolant release valves 160-1, 160-2 for adjusting
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coolant levels in the reservoirs 130-1, 130-2. For example, the controller 120 may
signal a target coolant level update. The target coolant level update may be based on
the determined target coolant height Hr, for adjusting levels of the coolant 50 in at
feast one of the first reservoir 130-1 or the second reservoir 130-2. The target coolant
level update mway be a control signal transmitied directly to one or both of the first
coolant release valve 160-1 and/or the second coolant release valve 160-2. The first
coolant release valve 160-1 and the second coolant release valve 160-2 may be
adjustable, which 1n-turn adjusts a release of the coolant from the first reservoir 130-1
and the second reservoir 130-2, respectively. The control signal may selectively open
or close the first and/or second coolant release valve 160-1, 160-2 to increase,
maintain, or decrease the coolant levels therein. Aliernatively, each reservoir 130-1,
130-2 may have an independent microcontroller, such as the coolant level controllers
156-1, 150-2, that provide proportional integral derivative (PID) closed loop control to
adjust coolant exit flow rates Cour.1, Cours of specific reservotrs 130-1, 130-2 for

adjusting and/or maintaining target coolant levels {e.g., Hr).

{08471  In various embodiments, the coolant level regulator components of the
systemn 200 may also inchude one or more coolant level detectors configured to detect
a level of the coolant 50 iu the reservoirs 130-1, 130-2. For example, a {irst coolant
fevel detector 170-1 may be disposed in or on the first reservoir 130-1. Similarly, a
second coolant level detector 170-2 may be disposed in or on the second reservoir
130-2. One or both of the first coolant level detector 170-1 and the second coolant
level detector 170-2 may be an ultrasonic fluid level meter, which is configured to
provide precise fluid level measurements. FIG. 2B ilustrates an ultrasonic coolant
level detector 170-n (i.¢., 170-1 and/or 170-2) suitable for use with various
embodiments. The ultrasonic coolant level meter 170-n may be a contactless
measurement device that transmits (Tx) and recetves (Rx) high frequency acoustic

waves to measure the distance d to the surface 52-n of the coolant 50.

{0048]  Alternatively, the first coolant level detector 170-1 and the second coolant
level detector 17(-2 may be capacitance sensors, which may use probes that detect

when the dielectric coolant level changes (i.e., rises or recedes). As the coolant level

16
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changes, the capacitance will change and provide an indication of the coolant level.
As a further alternative, the first coolant level detector 170-1 and the second coolaut
level detector 170-2 may be pressure sensors configured to measure coolant level. As
a further alternative, a float-type {luid level meter may be included, which tends to
provide less accurate measurements, bat may save costs. Other sensors may be nsed
to alternatively, or additionally, measure the coolant levels Hr.r, Hp.2 in the reservoirs

130-1, 130-2.

[4449]  The first coolant level detector 170-1 and the second coolant level detector
170-2 may be configured to measure and report the coolant levels He.1, Hro to the
controller 120 and/or their respective coolant level controllers 150-1, 156-2, if
included. The controller 120 and/or the coolaunt level controllers 150-1, 150-2 may
compare the curtent coolant levels Hra, Heo to those indicated in the target coolant
level update (¢.g., Hr). In instance in which any of the current coolant levels Hg.1, He-
» are above the target coolant leve] Hy indicated by the target coolant level update,
then the controller 120 or the respective coolant level controller 150-1, 150-2 may
either open or further open the {irst and/or second coolant release valve(s) 160-1, 160-

2 to increase the coolant exit flow rates Cour1, Coura.

{80501  FIGS. 3A and 3B illustrate a system 300 with a component cooling tank
110 that includes a main component reservoir 113 and an outflow reservoir 330 with
coolant level regulator components for conirolling coolant levels in the outflow
reservoir 330 in accordance with various erobodiments. The outflow reservoir 33¢
may include the coolant release valve 160. FIG, 3A illustrates the coolant release
valve 160 in a closed position and FIG. 3B illustrates the coolant release valve 160 in
an open position. In various embodiments, the {ully closed position of the coolant
release valve 160 {as shown in FIG. 3A) may not completely close-off or prevent
coolant fluid from flowing out the outlet duct 138 of the cutflow reservoir 330.
{3051]  The mam component reservoir 113 may be configared to hold electronic
components and inclades a weir 115 that 1s confligured to allow spill-over of coolant
4@ from the main component reservoir 113 1o the outflow reservoir 330, In this way,

in instances in which a top surface 41 of the coolant 40 reaches the level of the weir
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115, any additional coolant 40 will spill over the weir 115 into the outtlow reservoir
330, The outflow reservoir 330 may be similar to the reservoirs described herein with
regard to other embodiments (e.g., reservoir 130},

{30521  In addition to or as an alternative to the weir 115, a simple partition wall or
stphon ports may be included at the top of a wall between the main component
reservoir 113 and outflow reservoir 330 instead of or in addition to the weir 115, Asa
further alternative, regulated siphon ports may be inchuded almost anywhere between
the main component reservoir 113 and the outflow reservoir 330 to transfer excess
coolant 40 thercbetween.

{88537  The cutflow reservoir 330 may inclade coolant level regulator components,
as described above, jucluding the temperature sensor 140 and the coolant release valve
160. The temperature sensor 140 is configured to measure the temperature of the
coolant 50 in the outflow reservoir 330. The coolant release valve 160 may be
configured to regulate the release of coolant 530 from the outflow reservoir 330, In
addition, the coolant level regulator components may include the coolant level
controller 150, which may more directly control the coolant release valve 166 and
receive measurements from the temperature sensor 140, Further, the coolant level
regulator components may include the coolant level detector 170, which may be
counfigured to detect a coolant fevel of a top surface 51 of the coolant 30 in the outflow
reservolr 330,

{0054]  The outtlow reservoir 330 may be a separate tank from the component
coolant tank 110 that forms the main component reservoir 113, The outflow reservoir
330 15 conligured to receive overfiow coolant from the main component reservoir 113,
The weir 115 may extend along an upper extent of the barrier separating the
component coolant tank 110 from the overflow reservoir 330, Also, that barrier
between the two tanks 110, 330 may be lower than the other walls of the component
coolant tank 110. The weir 115 may be formed as a {lat horizontal strip, configured to
allow excess coolant 40 to spill out from the component coolant tank 110, over the
weir 115, and into the outflow reservoir 330. In various embodiments, the weir 115
may extend from one side of the component coolant tank 110 to the other. In other

embodiments, the weir 115 may only extend across a portion of the component
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coolant tank 110, In other embodiments, more than one weir 115 may be provided,
cach extending across different portions of the component coolant tank 110, In this
manner, a weir 115 may be disposed on any and all edges of the component coolant
tank 110 so that the component coolant tank 110 has one or more outflow reservoirs
330 around some or all of the perimeter of the component coolant tank 110

{0055] FIGS. 4A and 4B illustrate different types of coolant release valves 160A,
160B for compenent coolant tanks in accordance with various embodiments. In
particular, FIG. 4A illustrates a linear coolant release valve 160A and FIG. 4B
tllustrates a rotary coolant release valve 160B. The coolant release valves 160A,
160B may be disposed at the bottom of the reservoir 130, with a whirlpool shield 175
disposed between each of the coolant release valves 160A, 160B and their respective
outlet duct 138, It may be advantageous to position the outlet duct 138 as low as
possible within the reservoir 130 to maximize variance volame. Variance volame
may be defined by the difference in volume of fluid in the collection zone between
max and nin levels.

{8056]  The whirlpoo! shield 175 may enswre only coolant 30, and not air, is
suctioned through the outlet duct 138, The intake or suctioning of air into the outlet
duct 138 may damage a pump (not shown) that is used to circulate the coolant 50.
The whirlpool shield 175 may be mounted inside the reservoir 130G above the outlet
duct 138 for the coolant 50 to exit the reservoir 130, A first end of the whirlpool
shicld 175 may be attached to a side wall of the reservoir 130, such as the side wall
including the outlet duet 138. The whirlpool shield 175 may extend away from the
first end (i.e., and the outlet duct 138) toward a second end disposed further from the
outlet duct 138 than the first end. The second end of the whirlpool shicld 175 may be
attached to the coolaut release valve 160A, 160B. Also, the whirlpool shield 175 may
extend downward at an angle (i.c., with a slope) such that the sccond end of the
whirlpool shield 175 is vertically lower than the first end of the whirlpool shield 175.
Alternatively, the whirlpool shield 175 may be formed to have an L-shape, extending
away from the outlet 138, toward the central part of the reservoir 130, and then
bending downward at a remote end thereof. Including the whiripool shield 175 may

lower the minimum coolant level needed to be maintained in the reservoir 130 before
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air gets sucked into the outlet duct 138, In addition, the whirlpool shield 175 may
prevent air bubbles caused by coolant 50 flowing over the weir 115 into the reservoir
130 from entering the outlet duct 138. In other words, the whirlpool shield 175 may
ensure only fhud is expelled from the bottom of the collection zone. Also, the
whirlpool shield 175 may prevent whitlpool flows inside the reservoir 130,
particularly right next to the outlet duct 138, For example, with the whirlpool shicid
175 mounted immediately above a 2.5 diameter outlet duct aperture, the minimum
fhwid height may be lowered by inches, such as /2" froro the bottom of the reservour
130. The fluid 50 in the reservoir 130 will be forced under the second end of the
whirlpool shield 175.

{6637] InFIG. 4A the hinear coolant release valve 160A may include a valve frame
461 and a lnear slide door 463 configured to move up and down for opening and
closing the linear coolant release valve 160A and thus changing the size of the exit
opening feading (o the outlet duct 138 below the whirlpool shield 173, Actuation of
the sliding motion of the linear slide door 463 may be controlled by a linear servo 463,
which may in-turn be controlled by a controller (e.g., 120 and/or 156, 150-n).
Optionally, a lower cdge of the lincar slide door 463 may not be straight or at least
leave some form of gap, which allows at least a small amount of coolant 50 exit flow
Cour to leak through the linear coolant release valve 1604 in the fully closed
position.

{0058] In FIG. 4B the rotary coolant release valve 160B may include a valve frame
462 and a rotary pivot door 464 configured to rotate or pivot around a vertical axis for
opening and closing the rotary coolant release valve 160B and thus changing the size
of the exit opening lcading o the outlet duct 138 below the whirlpool shicld 175.
Alternatively, the rotary pivot door 464 could rotate or pivot about a horizontal axis,
such as one perpendicular to the exit flow Cours. Actuation of the rotating or pivotal
motion of the rotary pivet door 464 may be controlled by a rotary servo 466, which
may in-turn be controlled by a controller {e.g., 120 and/or 150, 150-n). Optionally,
the rotary pivot door 464 may not fully close off the opening in the valve frame 462,
leaving some form of gap, which allows at lgast a small amount of coolant 50 to leak

through the rotary coolant release valve 160 in the fully closed position.
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{805%]  In the embodiments illustrated in FIGS. 4A and 4B, the coolant release
valves 160A, 1608 that regulate the flow of dielectric coolant fluid out of the
reservoir 130 may be disposed inside a portion of the reservoir 130, Alternatively, the
coolant release valves 160A, 1608 may be disposed outside the reservoir 130, such as

between the reservolr 130 and shared mantfold.

{00661  FIG. 518 a process flow diagram of a wethod 500 for controlling coolant
fevels in two or more component cooling tanks sharing a unified coolant distribution
system in accordance with various embodiments. With reference to FIGS. 1A-5,
means for performing each of the operations of the method 500 may be a processor of
the controller {e.g., 120, 150, 150-1, 150-2) of the of the unified coolant distribution
sysiem and/or another processor associated with the unified coolant distribution

systern, and/or the like.

{06661]  In block 510, the processor may receive a teroperature measurement of a
coolant in a first reservoir {(¢.2., 130-1) and a second reservoir {e.g., 130-2) of the two
or more component cooling tanks (e.g., 110). The received temperature
measurerments from the first reservoir {e.g., 130-1) and second reservoir {e.g., 130-2)
may not be the same. The received temperature measurements may anticipate fluid

fevel changes, which are a function of temperature changes from a known thad level.

{$862] In some erbodiments after receiving the temperature measurement in block
510, the processor may receive a coolant level measurement of the coolant in the first
reservoir and/or the second reservoir in block 512, Alternatively, the processor may
receive the coolant level measuwrement(s) before receiving the temperature
measurement in block 510, The processor may use the received coolant level
measurement(s) to determine the target coolant level update. For example, the
received coolant level measurement(s) may be used to confirm a coolant level

determined from the measured coolant temperature.

{60631 Inblock 514, the processor may signal to a coolant level regulator
component {e.g., 145) of each of the two or more component cooling tanks {e.g., 110},
a farget coolant level update. The target coolant level update may be configured to

equalize fevels of the coolant in the first reservoir and second reservoir {o a target
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coolant level. Also, the target coolant level may be determined based on a
temperature average of the received temperature measarements of the coolant in the
first reservoir and the second reservoir. In some embodiments, signaling the target
coolant level npdate includes directly activating at least one of a first coolant release
valve (e.g., 160, 160-1) that regalates the release of coolant from the fust reservoir or
a second coolant release valve {e.g., 160, 160-2) that regulates the release of coolant
from the second reservoir. In some embodiments, signaling the target coolant level
update(s) may 1nclude using updated coolant teraperature measuremenis {(e.g., from
the temperatore sensor 140, 140-1, 140-2) and/or coolant level measurements (e.g.,
from the coolant level detector 170, 170-1, 170-2) to determine whether coolant

should be released from the first and/or second reservoir {0 meet the coolant level

indicated in the target coolant level update.

{6064] In some embodiments, the target coolant level update signaled by the
processor may be determined by converting the temperature average of the received
temperature measurements to a density average of the coolant in the first reservoir and
the second reservoir. In some embodiments, signaling the target coolant level update
may include signaling a first coolant level controller {e.g., 150, 150-1) configured to
countrol a first coolant release valve that regulates the release of coolant {e.g., 40, 50)
from the first reservoir, as well as signaling a second coolant level controller (e.g.,
150, 150-2) configured 1o control a second coolant release valve (e.g., 160, 160-2) that
regulaies the release of coolant from the second reservoir. The first coolant level
controller may use the received target coolant level update, in conjunction with
apdated coolant temperature measurements {e.g., from the temperature sensor 140,
140-1) and/or coolant level measurements (e.g., from the coolant level detector 170,
178-1) to determine whether coolant should be released from the first reservoir to
meet the coolant level indicated in the received target coolant level apdate. Similarly,
the second coolant level controler may use the received target coolant level update, in
conjunction with updated coolant temperature measurements (e.g., from the
temperature sensor 140, 140-2) and/or coolant level measurements {(e.g.. from the
coolant level detector 170, 170-2) to determine whether coolant should be released

from the second reservoir o meet the coolant level indicated in the received target

N2
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coolant level update. In some embodiments, signaling the target coolant level update
includes directly activating at least one of a first coolant release valve that regulates
the release of coolant from the first reservoir or a second coolant release valve that

regulates the release of coolant from the first reservoir.

{(6065]  The operations of the method 500 may be performed continuously or
periodically to adjust, maintain, and/or control coolant levels io the two or more

component cooling tanks sharing the unified coolant distribution system.

{0066] Implementation examples are described in the following paragraphs. While
some of the following implementation examples are described in terms of an example
computing device memory system, further example implementations may include: the
cxample functions of the computing device memory system discussed in the following
paragraphs implemented as methods of the following implementation examples; and
the exarople computing device memory system discussed in the following paragraphs
implemented by a computing device memory system including means for performing
functions of the computing device memory system of the following implementation

examples,

{06671 Example 1. A system for controlling coolant levels in a plurality of
component cooling tanks sharing a unified coolant distribution systenm, comprising:
first coolant level regulator components of a first component cooling tank comprising:
a first temperature sensor configured to measure a temperature of the coolant in a first
reservoir, a first coolant release valve configured to regulate the release of coolant
from the first reservorr, and a [irst coolant level detector conligured to detect a level of
the coolant in the first reservoir; second coolant level regulator components of a
second component cooling tank comprising: a second temperature sensor configured
to measure a temperature of the coolant in a second reservoir, a second coolant release
valve configured to regulate the release of coolant from the second reservoir, and a
second coolant level detector configured to detect a level of the coolant in the second
reservoir; and a processor configared to receive the temperature measurements from
the first temperature sensor and the second temperature sensor, wherein the processor

1s configured to signal at least one target coolant level update for adjusting a level of
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the coolant in the first reservoir by the first coolant release valve, wherein the at least
one target coolant level update is determined based on a temperatare average of the
received temperature measurernents from the first temperature sensor and the second
temperature sensor, wherein the first coolant release valve is configured to adjust a
release of the coolant from the first reservoir in response to comparing the detected
level of the coolant in the first reservoir o a target coolant level indicated by the at

feast one target coolant level update.

[G068] Example 2. The system of example 1, wherein the first coolant level

detector mcludes an ulirasonic fluid level seusor.

{0069] Example 3. The system of any one or more of examples 1 or 2, wherein the
first coolant level regulator components further comprise: a first coolant level
controller configured to receive the signaled at least one target coolant level npdate,
wherein the first coolant level controller is configured to activate the frst coolant

release valve in response to receiving the at least one target coolant level update.

{08701 Example 4. The system of example 3, wherein the first coolant level
controller is configored to operate independent of the processor configured 1o recetve
the temperature measurements from the first temperature sensor and the second

femperaiure sensor.

{6671] Example 5. The system of any one or more of examples 1-4, wherein the
signaled at least one target coolant level update from the processor is configured to
directly control at least the first coolant release valve for regulating the release of

coolant associated therewith.

{3072] Example 6. The system of any one or more of examples 1-5, wherein the
signaled at least one target coolant level update from the processor is determined by
converting the temperature average of the received temperature measurements to a

density average of the coolant in the fivst reservoir and the second reservoir.

{06¢73]  Example 7. The system of any one or more of examples 1-6, wherein the

first coolant release valve includes a linear actuator configured to countrol a staie of a
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coolant gate regulating the release of coolant.

{(6¢74] Example & The system of any one or more of examples 1-7, wherein the
first coolant release valve inchudes a rotary actuator configured 1o control a state of a

coolant gate regulating the release of coolant.

{0075] Example 9. The system of any one or more of examples 1-8, wherein the
processor 1s further configured to signal the at least one target coolant level update for
adjusting a level of the coolant 1u at least one of the second reservoir by at least the
second coolant release valve, wherein the at least one target coolant level update is
determined based on the temperature average of the received temperature

measurements from the first temperature sensor and the second temperature SCHsor.

{0076] Example 10. The system of example 9, further comprising: third coolant
level regulator components of a third component cooling tank comprising: a third
temperature sensor configured to measuore a temperature of the coolant in a third
reservolr, a third coolant release valve configured to regulate the release of coolant
from the third reservoir, and a third coolant level detector configured to detect a level
of the coolant in the third reservoir; fourth coolant level regulator components of a
fourth component cooling tank comprising: a fourth temperature sensor configured to
measure a temperature of the conlant in a fourth reservoir, a fourth coolant release
valve configured to regulate the release of coolant from the fourth reservoir, and a
fourth coolant level detector configured to detect a level of the coolant in the fourth
reservoir, wherein the processor is configured to receive the teraperature
measurements from the third temperature sensor and the fourth temperature sensor,
wherein the at least one target coolant level update signaled by the processor is
configured to adjust a level of the coolant in at least one of the third reservoir or the
fourth reservoir by the third coolant release valve or the fourth coolant release valve,
respectively,

{00771 Example 11, The system of any one or more of examples 1-10, wherein the
first reservoir and the second reservoir are configared to hold an overflow of the

coolant from the first component cooling tank and the secound component cooling

N
N
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tank, respectively.

{(6¢78] Example 12. The system of any one or more of examples 1-11, wherein the
first reservoir and the second reservoir are each the largest coolant reservoirs of the

first component cooling tank and the second component cooling tank, respectively.

{00791 Example 13. A method for controlling coolant levels in two or more
component cooling tanks sharing a unified coolant distribution system, comprising:
receiving, at a processor of the unified coolant distribation syster, temperature
measurements of a coolant in a first reservoir and a second reservoir of the two or
more component cooling tanks; recetving, at the processor of the unified coolant
distribution system, a coolant level measurement of the coolant in the first reservoir;
and signaling, by the processor to a coolant level regulator component of cach of the
two or more component cooling tanks, a target coolant level npdate configured to
equalize levels of the coolant in the frst reservoir and the second reservoir to a target
coolant level, wherein the target coolant level is determined based on the received
coolant level measurement and a temperature average of the received temperatare

measurements of the coolant in the first reservoir and the second reservoir,

{0080] Example 14. The method of cxample 13, wherein the target coolant level
update signaled by the processor is determined by converting the temperature average
of the received teruperatare measurements to a density average of the coolant 1n the

first reservoir and the second reservoir,

{0081] Example 13, The method of any one or more of examples 13 or 14,
wherein signaling the target coolant level update includes signaling a first coolant
fevel controller configured to control a fivst coolant release valve that regulates the
release of coolant from the first reservoir; and a second coolant level controller
configured to control a second coolant release valve that regulates the release of

coolant from the first reservoir,

{6082 Example 16. The method of any one or more of examples 13-5, wherein
signaling the target coolant level update includes directly activating at least one of: a
first coolant release valve that regulates the release of coolant from the first reservoir;

or a second coolant release valve that regulates the release of coolant from the first
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TESCIVOIL.

{(G83]  The foregoing descriptions of systems, devices, and methods are provided
merely as ilfastrative examples and are not intended to require or frmply that the steps
of the varicus embodiments must be performed in the order presented. As will be
appreciated by one of skill in the art the order of steps in the foregoing embodiments
mway be performed in any order. Words such as “thereafter,” “then,” “next.” etc. are
not intended to limit the order of the steps; these words are used to guide the reader
through the description of the methods. Further, any reference to claim elements in

‘

the singular, for example, using the articles “a,” “an” or “the” is not to be construed as

limiting the element o the singular.

{0084]  The preceding description of the disclosed embodiments is provided to
enable any person skilled in the art to make or use the present invention. Various
maodifications to these embodimnents will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments
withowut departing from the spirit or scope of the invention. Thus, the present
invention is not intended to be limited to the embodiments shown herein but is to be
accorded the widest scope consistent with the following ciaims and the principles and

novel features disclosed herein.
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CLAIMS

What 1s claimed is;

1. A system for controlling coolant levels in a phwrality of component cooling tanks
sharing a anified coolant distribution system, comprising:
first coolant level regulator components of a first component cooling tank
comprising:
a first temperature sensor configured to measure a temperature of the
conlant in a first reservotr,
a first coolant release valve configured to regulate the release of coolant
from the first reservoir, and
a first coclant level detector configured to detect a level of the coolant in
the first reservoir;
second coolant level regulator components of a second component cooling tank
comprising:
a second temperature sensor configured to measure a temperature of the
coolant in a second reservoir,
a second coolant release vaive configured to regulate the release of
coolant from the second reservoir, and
a second coolant level detector configured to detect a level of the
coolant in the second reservoir; and
a processor configured to receive the temperature measurements from the first
temperature sensor and the second temperature sensor, wherein the processor 18
configured to signal at least one target coolant level update for adjusting a level of the
coolant in the fivst reservoir by the first coolant release valve, wherein the at least one
target coolant level update is determined based on a temperature average of the
received temperature measurements from the first temperature sensor and the second
temperature sensor, wherein the first coolant release valve is configured to adjust a
release of the coolant from the first reservoir in response to comparing the detected
level of the coolant in the first reservoir (o a target coolant level indicated by the at

feast one target coolant level update,
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2. The system of claim 1, wherein the first coolant level detector includes an

ultrasonic fluid level sensor.

3. The system of claim 1, wherein the first coolant level regolator components further
comprise:

a first coolant level controller configured to receive the signaled at least one
target coolant level update, wherein the [irst coolant level controller 1s configored to
activate the first coolant release valve in response fo receciving the at least one target
coolant level update.

4. The system of claim 3, wherein the first coolant level controller is configured o
operate independent of the processor configured to receive the temperatare

measurements from the first ternperature sensor and the second femperature Sensor.

5. The system of claim 1, wherein the signaled at least one target coolant level update
from the processor 1s configured to directly control at least the first coolant release

valve for regulating the release of coolant associated therewith.

6. The system of claim 1, wherein the signaled at least oue target coolant level npdate
from the processor is determined by converting the temperature average of the
received temperature measurenments to a density average of the coolant in the first

reservoir and the second reservoir.

7. The systern of claim 1, wherein the first coolant release valve includes a linear
actuator configured to control a state of a coolant gate regulating the release of

coolant.

8. The system of claim 1, wherein the first coolant release valve includes a rotary
actuator configured to control a state of a coolant gate regnlating the release of

cookant.
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9. The system of claim 1, wherein the processor s further configured to signal the at
least one target coolant level update for adjusting a level of the coolant in at least one
of the second reservoir by at least the second coolant release valve, wherein the at
least one target coolant level update is determined based on the temperature average
of the received temperature measurerents from the first temperature sensor and the

second temperatore sensor.

10. The system of claim 9, further comprising:
third coolant level regulator components of a third component cooling tank
comprising:
a third temperature sensor configured to measure a temperature of the
coolant in a third reservoir,
a third coolant release valve confignred to regulate the release of coolant
from the third reservoir, and
a third coolant level detector configured to detect a fevel of the coolant
in the third reservoir;
fourth coolant level regulator components of a fourth component cooling tank
comprising:
a fourth temperature sensor configured to measure a temperature of the
coolant in a fourth reservoir,
a fourth coolant release valve configured to regulate the release of
coolant from the fourth reservoir, and
a fourth coolant level detector configured fo detect a level of the coolant
in the fourth reservoir,
wherein the processor is configured to receive the temperature measurermnents
from the third temperature sensor and the fourth temperature sensor, wherein the at
least one target coolant level update signaled by the processor is configured to adjust a
level of the coolant in at least one of the third reservoir or the fourth reservoir by the

third coolant release valve or the fourth coolant release valve, respectively.

30
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11. The system of claim 1, wherein the first reservoir and the second reservoir are
configured to hold an overflow of the coolant from the first component cooling tank

and the second component cooling tank, respectively.

12, The system of claim 1, wherein the first reservoir and the second reservoir are
cach the largest coolant reservoirs of the first component cooling tank and the second

component cooling tank, respectively.

13. A method for controlling coolant levels in two or more component cooling tanks
sharing a unified coolant distribution system, comprising:

receiving, at a processor of the wnified coolant distribution system, temperature
measurements of a coolant in a first reserveir and a second reservoir of the two or
more component cooling tanks;

receiving, at the processor of the unified coolant distribuation system, a coolant
level measurement of the coolant in the first reservoir; and

signaling, by the processor to a coolant level regulator component of each of
the two or more component cooling tanks, a target coolant level update configored to
cqualize levels of the coolant in the first reservoir and the second reservoir to a target
coolant level, wherein the target coolant level is determined based on the received
coolant level measorement and a temperature average of the received temperature

measurements of the coolant in the first reservoir and the second reservoir.

14. The method of claim 13, wherein the target coolant level update signaled by the
processor is determined by converting the temperature average of the received
temperatore measurements o a density average of the coolant in the first reservoir and

the second reservoir,

15. The method of claim 13, wherein signaling the target coolant level update
includes signaling:
a first coolant level controller configured to control a first coolant release valve

that regalates the release of coolant from the first reservoir; and
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a second coolant level controller configured to control a second coolant release

valve that regulates the release of coolant from the first reservoir,

16. The method of claim 13, wherein signaling the target coolant level update
includes directly activating at least one of:

a first coolant release valve that reguiates the release of coolant from the fivst
resServoir; or

a sccond coolant release valve that regulates the release of coolant from the

first reservoir.
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