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COOLING ELECTRONIC DEVICES IN A DATA CENTER

TECHNICAL FIELD

[0001] This document relates to systems and methods for providing cooling to electronic
equipment, such as computer server racks and related equipment in computer data centers, with a

thermosiphon.

BACKGROUND

[0002] Computer users often focus on the speed of computer microprocessors (e.g.,
megahertz and gigahertz). Many forget that this speed often comes with a cost—higher power
consumption. This power consumption also generates heat. That is because, by simple laws of
physics, all the power has to go somewhere, and that somewhere is, in the end, conversion into
heat. A pair of microprocessors mounted on a single motherboard can draw hundreds of watts or
more of power. Multiply that figure by several thousand (or tens of thousands) to account for the
many computers in a large data center, and one can readily appreciate the amount of heat that can
be generated. The effects of power consumed by the critical load in the data center are often
compounded when one incorporates all of the ancillary equipment required to support the critical
load.

[0003] Many techniques may be used to cool electronic devices (e.g., processors,
memories, networking devices, and other heat generating devices) that are located on a server or
network rack tray. For instance, forced convection may be created by providing a cooling
airflow over the devices. Fans located near the devices, fans located in computer server rooms,
and/or fans located in ductwork in fluid communication with the air surrounding the electronic
devices, may force the cooling airflow over the tray containing the devices. In some instances,
one or more components or devices on a server tray may be located in a difficult-to-cool area of
the tray; for example, an area where forced convection is not particularly effective or not
available.

[0004] The consequence of inadequate and/or insufficient cooling may be the failure of
one or more electronic devices on the tray due to a temperature of the device exceeding a

maximum rated temperature. While certain redundancies may be built into a computer data
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center, a server rack, and even individual trays, the failure of devices due to overheating can
come at a great cost in terms of speed, efficiency, and expense.

[0005] Thermosiphons are heat exchangers that operate using a fluid that undergoes a
phase change. A liquid form of the fluid is vaporized in an evaporator, and heat is carried by the
vapor form of the fluid from the evaporator to a condenser. In the condenser, the vapor
condenses, and the liquid form of the fluid is then returned via gravity to the evaporator. Thus,

the fluid circulates between the evaporator and the condenser without need of a mechanical

pump.

SUMMARY
[0006] This disclosure describes a thermosiphon system that may be used to cool one or
more heat generating devices mounted in a rack of a computer data center (e.g, on a
motherboard, server board, or otherwise). The thermosiphon system, is some example
implementations, includes a condenser and a flow boiling evaporator that are fluidly coupled
together with a conduit. In some aspects, the flow boiling evaporator includes one or more fluid
paths through which a liquid phase of a working fluid flows as it receives heat from the one or
more heat generating devices and changes to a vapor or mixed (liquid and vapor) phase.
[0007] In an example general implementation, a thermosiphon includes a condenser; an
evaporator that includes a fluid channel and a heat transfer surface, the heat transfer surface
defining a plurality of fluid pathways in the fluid channel that extend through the fluid channel,
the evaporator configured to thermally couple to one or more heat-generating electronic devices;
and a transport member that fluidly couples the condenser and the evaporator, the transport
member including a liquid conduit that extends through the transport member to deliver a liquid
phase of a working fluid into the fluid pathways, the transport member further including a
surface to vertically enclose the plurality of fluid pathways.
[0008] In a first aspect combinable with the general implementation, the fluid channel is
oriented transverse to the fluid pathways.
[0009] In a second aspect combinable with any of the previous aspects, the transport
member further includes a vapor conduit that extends through the transport member to receive a

mixed-phase of the working fluid from the fluid pathways.
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[0010] In a third aspect combinable with any of the previous aspects, the fluid pathways
are configured to transfer heat from the heat-generating electronic devices to the working fluid to
change the working fluid from the liquid phase to the mixed-phase between inlets of the fluid
pathways and outlets of the fluid pathways.

[0011] In a fourth aspect combinable with any of the previous aspects, the inlets of the
fluid pathways are positioned at a first end of the fluid pathways and the outlets of the fluid
pathways are positioned at a second end of the fluid pathways opposite the first end.

[0012] In a fifth aspect combinable with any of the previous aspects, the inlets of the
fluid pathways are positioned at a midpoint of the fluid pathways, and the outlets of the fluid
pathways are positioned at opposed ends of the fluid pathways.

[0013] In a sixth aspect combinable with any of the previous aspects, the heat transfer
surface includes a plurality of fins or ridges, and the plurality of fins or ridges form the plurality
of fluid pathways in the fluid channel, and the plurality of fluid pathways extend transverse to
the fluid channel.

[0014] In a seventh aspect combinable with any of the previous aspects, the heat transfer
surface includes a plurality of fins or ridges, and the plurality of fins or ridges form the plurality
of fluid pathways in the fluid channel, and the plurality of fluid pathways extend parallel with the
fluid channel.

[0015] In an eighth aspect combinable with any of the previous aspects, the transport
member further includes a heat transfer interface between the liquid conduit and the vapor
conduit to transfer heat from the working fluid in the vapor conduit to the working fluid in the
liquid conduit.

[0016] In a ninth aspect combinable with any of the previous aspects, the liquid phase is
at or near a saturation temperature of the working fluid.

[0017] In a tenth aspect combinable with any of the previous aspects, the vapor conduit
includes at least two vapor conduits.

[0018] In an eleventh aspect combinable with any of the previous aspects, at least a
portion of the vapor conduit is positioned in an upper half of the transport member, and at least a
portion of the liquid conduit is positioned in a lower half of the transport member.

[0019] In a twelfth aspect combinable with any of the previous aspects, the transport

member includes a condenser end that includes an inlet of the liquid conduit that is offset in the
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transport member relative to an outlet of the vapor conduit in the condenser end of the transport
member.

[0020] In a thirteenth aspect combinable with any of the previous aspects, a cross
sectional area of the liquid conduit and a cross-sectional area of the vapor conduit is based, at
least in part, on a heat load of the heat-generating electronic devices.

[0021] In a fourteenth aspect combinable with any of the previous aspects, the transport
member slopes from the condenser to the evaporator, and a magnitude of the slope defines, at
least in part, a liquid head of the working fluid.

[0022] In a fifteenth aspect combinable with any of the previous aspects, the liquid head
of the working fluid is equal to a sum of a plurality of pressure losses in a closed loop fluid
circuit that includes the liquid conduit, the evaporator, the vapor conduit, and the condenser.
[0023] A sixteenth aspect combinable with any of the previous aspects further includes a
spacer positioned in the fluid channel.

[0024] In another example general implementation, a method for cooling heat generating
electronic devices in a data center includes flowing a liquid phase of a working fluid from a
condenser of a thermosiphon to an evaporator of the thermosiphon in a transport member of the
thermosiphon; flowing the liquid phase of the working fluid into a fluid channel of the
evaporator from the transport member; flowing the liquid phase of the working fluid from the
fluid channel to a plurality of fluid pathways that extend through the fluid channel and are
enclosed between the evaporator and the transport member; boiling at least a portion of the liquid
working fluid flowing in the plurality of fluid pathways based on a transfer of heat from at least
one data center heat generating device that is thermally coupled to the evaporator; and flowing a
mixed phase of the working fluid out of the plurality of fluid pathways into at least one vapor
conduit of the transport member and to the condenser.

[0025] A first aspect combinable with the general implementation further includes
transferring heat from the heat-generating electronic devices to the working fluid through a heat
transfer surface that forms the plurality of fluid pathways; and changing the working fluid from
the liquid phase to the mixed-phase between inlets of the fluid pathways and outlets of the fluid
pathways.

[0026] A second aspect combinable with any of the previous aspects further includes

flowing the liquid phase into the inlets of the fluid pathways positioned at a first end of the fluid



WO 2016/209496 PCT/US2016/034085

pathways; and flowing the mixed phase out of the outlets of the fluid pathways positioned at a
second end of the fluid pathways opposite the first end.

[0027] A third aspect combinable with any of the previous aspects further includes
flowing the liquid phase into the inlets of the fluid pathways positioned at a midpoint of the fluid
pathways; and flowing the mixed phase out of the outlets of the fluid pathways positioned at
opposed ends of the fluid pathways.

[0028] A fourth aspect combinable with any of the previous aspects further includes
flowing the working fluid through a plurality of fins or ridges positioned that form the plurality
of fluid pathways in the fluid channel.

[0029] In a fifth aspect combinable with any of the previous aspects, flowing the working
fluid through a plurality of fins or ridges that form the plurality of fluid pathways in the fluid
channel includes flowing the working fluid transversely from the fluid channel through the
plurality of fluid pathways.

[0030] A sixth aspect combinable with any of the previous aspects further includes
transferring heat from the working fluid in the vapor conduit to the working fluid in the liquid
conduit through a heat transfer interface between the liquid conduit and the vapor conduit in the
transport member.

[0031] In a seventh aspect combinable with any of the previous aspects, the liquid phase
is at or near a saturation temperature of the working fluid.

[0032] An eighth aspect combinable with any of the previous aspects further includes
flowing the mixed phase of the working fluid through the at least one vapor conduit to the
condenser.

[0033] In another example general implementation, a data center cooling system includes
a tray sub-assembly configured to engage with a rack; a support board mounted on the tray sub-
assembly, the support board including a heat-generating computing device; and a thermosiphon
system. The thermosiphon system includes a condenser; a flow boiling evaporator that includes
at least one fluid pathway configured to receive a flow of a working fluid in liquid phase and
output the flow of the working fluid in a mixed liquid-vapor phase based on heat transferred
from the heat-generating computing device to the flow of the working fluid; and a transport

tubular that fluidly couples the condenser and the evaporator.
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[0034] In a first aspect combinable with the general implementation, the evaporator
includes a fluid channel and a plurality of fluid pathways that extend through the fluid channel.
[0035] In a second aspect combinable with any of the previous aspects, the transport
tubular includes a liquid carrier that extends through the transport tubular and is oriented
transverse to the fluid pathways to deliver the flow of the working fluid in liquid phase into the
fluid pathways; and a vapor carrier that extends through the transport tubular to receive the flow
of the working fluid in mixed liquid-vapor phase from the fluid pathways.

[0036] In a third aspect combinable with any of the previous aspects, the plurality of
fluid pathways are defined between a plurality of heat transfer surfaces.

[0037] In a fourth aspect combinable with any of the previous aspects, inlets of the
plurality fluid pathways are positioned at a first end of the fluid pathways and outlets of the
plurality of fluid pathways are positioned at a second end of the fluid pathways opposite the first
end.

[0038] In a fifth aspect combinable with any of the previous aspects, inlets of the
plurality of fluid pathways are positioned near or at a midpoint of the fluid pathways, and outlets
of the plurality of fluid pathways are positioned at opposed ends of the fluid pathways.

[0039] Various implementations of a data center cooling system according to the present
disclosure may include one, some, or all of the following features. For example, a thermosiphon
assembly of the data center cooling system may provide for increased thermal performance by
removing more heat from heat-generating electronic devices as compared to conventional, pool
boiling thermosiphons. As another example, the thermosiphon assembly may better match a
particular thermal load of a heat-generating electronic device, thereby providing a more accurate
amount of cooling without being over or undersized. As yet another example, the thermosiphon
assembly may be flow balanced as compared to conventional thermosiphons, thereby more
efficiently circulating a working fluid through the assembly.

[0040] The details of one or more embodiments are set forth in the accompanying
drawings and the description below. Other features, objects, and advantages will be apparent

from the description and drawings, and from the claims.
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DESCRIPTION OF DRAWINGS

[0041] FIG. 1 illustrates a front view of a server rack and a server-rack sub-assembly
configured to mount within a rack used in a data center environment.

[0042] FIGS. 2A-2B illustrate schematic side and top views, respectively, of a server
rack sub-assembly that includes an example implementation of a thermosiphon cooling system.
[0043] FIGS. 3A-3C illustrate schematic cross-sectional end, isometric, and top views,
respectively, of an evaporator of an example implementation of a thermosiphon cooling system.
[0044] FIGS. 4A-4C illustrate schematic cross-sectional end, isometric, and top,
respectively, of an evaporator of another example implementation of a thermosiphon cooling
system.

[0045] FIGS. 5A-5C illustrate schematic side and isometric views of a condenser of
example implementations of a thermosiphon cooling system.

[0046] FIGS. 6A-6B illustrate schematic side and top cross-sectional views, respectively,
of an evaporator of another example implementation of a thermosiphon cooling system.

[0047] FIGS. 6C illustrates a schematic top cross-sectional view of an evaporator of

another example implementation of a thermosiphon cooling system.

DETAILED DESCRIPTION

[0048] FIG. 1 illustrates an example system 100 that includes a server rack 105, e.g., a 13
inch or 19 inch server rack, and multiple server rack sub-assemblies 110 mounted within the rack
105. Although a single server rack 105 is illustrated, server rack 105 may be one of a number of
server racks within the system 100, which may include a server farm or a co-location facility that
contains various rack mounted computer systems. Also, although multiple server rack sub-
assemblies 110 are illustrated as mounted within the rack 105, there might be only a single server
rack sub-assembly. Generally, the server rack 105 defines multiple slots 107 that are arranged in
an orderly and repeating fashion within the server rack 105, and each slot 107 is a space in the
rack into which a corresponding server rack sub-assembly 110 can be placed and removed. For
example, the server rack sub-assembly can be supported on rails 112 that project from opposite

sides of the rack 105, and which can define the position of the slots 107.
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[0049] The slots 107, and the server rack sub-assemblies 110, can be oriented with the
illustrated horizontal arrangement (with respect to gravity). Alternatively, the slots 107, and the
server rack sub-assemblies 110, can be oriented vertically (with respect to gravity), although this
would require some reconfiguration of the evaporator and condenser structures described below.
Where the slots are oriented horizontally, they may be stacked vertically in the rack 105, and
where the slots are oriented vertically, they may be stacked horizontally in the rack 105.

[0050] Server rack 105, as part of a larger data center for instance, may provide data
processing and storage capacity. In operation, a data center may be connected to a network, and
may receive and respond to various requests from the network to retrieve, process, and/or store
data. In operation, for example, the server rack 105 typically facilitates the communication of
information over a network with user interfaces generated by web browser applications of users
who request services provided by applications running on computers in the datacenter. For
example, the server rack 105 may provide or help provide a user who is using a web browser to
access web sites on the Internet or the World Wide Web.

[0051] The server rack sub-assembly 110 may be one of a variety of structures that can
be mounted in a server rack. For example, in some implementations, the server rack sub-
assembly 110 may be a “tray” or tray assembly that can be slidably inserted into the server rack
105. The term “tray” is not limited to any particular arrangement, but instead applies to
motherboard or other relatively flat structures appurtenant to a motherboard for supporting the
motherboard in position in a rack structure. In some implementations, the server rack sub-
assembly 110 may be a server chassis, or server container (e.g., server box). In some
implementations, the server rack sub-assembly 110 may be a hard drive cage.

[0052] Referring to FIGS. 2A-2B, the server rack sub-assembly 110 includes a frame or
cage 120, a printed circuit board 122, e.g., motherboard, supported on the frame 120, one or
more heat-generating electronic devices 124, e.g., a processor or memory, mounted on the
printed circuit board 122, and a thermosiphon system 130. One or more fans 126 can also be
mounted on the frame 120.

[0053] The frame 120 can include or simply be a flat structure onto which the
motherboard 122 can be placed and mounted, so that the frame 120 can be grasped by
technicians for moving the motherboard into place and holding it in position within the rack 105.

For example, the server rack sub-assembly 110 may be mounted horizontally in the server rack
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105 such as by sliding the frame 120 into the slot 107 and over a pair of rails in the rack 105 on
opposed sides of the server rack sub-assembly 110 — much like sliding a lunch tray into a
cafeteria rack. Although FIGS. 2A-2B illustrate the frame 120 extending below the motherboard
122, the frame can have other forms (e.g., by implementing it as a peripheral frame around the
motherboard) or may be eliminated so that the motherboard itself is located in, e.g., slidably
engages, the rack 105. In addition, although FIG. 2A illustrates the frame 120 as a flat plate, the
frame 120 can include one or more side walls that project upwardly from the edges of the flat
plate, and the flat plate could be the floor of a closed-top or open-top box or cage.

[0054] The illustrated server rack sub-assembly 110 includes a printed circuit board 122,
e.g., a motherboard, on which a variety of components are mounted, including heat-generating
electronic devices 124. Although one motherboard 122 is illustrated as mounted on the frame
120, multiple motherboards may be mounted on the frame 120, depending on the needs of the
particular application. In some implementations, the one or more fans 126 can be placed on the
frame 120 so that air enters at the front edge (at the left hand side in FIGS. 2A-2B) of the server
rack sub-assembly 110, closer to the front of the rack 105 when the sub-assembly 110 is installed
in the rack 105, flows (as illustrated) over the motherboard 122, over some of the heat generating
components on the motherboard 122, and is exhausted from the server rack assembly 110 at the
back edge (at the right hand side), closer to the back of the rack 105 when the sub-assembly 110
is installed in the rack 105. The one or more fans 126 can be secured to the frame 120 by
brackets. Thus, the fans 126 can pull air from within the frame 120 area and push the air after it
has been warmed out the rack 105. An underside of the motherboard 122 can be separated from
the frame 120 by a gap.

[0055] The thermosiphon system 130 includes an evaporator 132, a condenser 134
mounted on a base 139, and a transport member 136 connecting the evaporator 132 to the
condenser 134. The evaporator 132 contacts the electronic device 124 so that heat is drawn by
conductive heat transfer from the electronic device 124 to the evaporator 132. For example, the
evaporator 132 is in conductive thermal contact with the electronic device 124. In particular, the
bottom of the evaporator 132 contacts the top of the electronic device 124. In operation, heat
from the electronic device 124 causes a working fluid in the evaporator 132 to evaporate. The
vapor then passes through transport member 136 to the condenser 134. Heat is radiated away

from the condenser 134, e.g., into air around the condenser 134 or into air blown or drawn by the
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one or more fans 126 that passes across the condenser 134, a heat transfer surface 138 (e.g.,
finned surface), or both, causing the working fluid to condense. As shown in FIG. 2A, the
condenser 134 can be located between the one or more fans 126 from the evaporator 132, but
could also be located on an opposite side of one or more of fans 126 (e.g., near an edge of the
sub-assembly 110).

[0056] As shown in FIG. 2A, the transport member 136 is at a slight (non-zero) angle so
that gravity causes the condensed working fluid to flow back through the transport member 136
to the evaporator 132. Thus, in some implementations, at least a portion of the transport member
136 is not parallel to the main surface of the frame 120. For example, the condenser-side end of
the transport member 136 can be about 1-5 mm, e.g., 2 mm, above the evaporator-side end of the
transport member 136. However, it is also possible for the transport member 136 to be
horizontal tube, or even at a slightly negative angle (although the positive angle provides an
advantage of gravity improving flow of the liquid from the condenser to the evaporator).
Because there can be multiple heat generating electronic devices on a single motherboard, there
can be multiple evaporators on the motherboard, where each evaporator corresponds to a single
electronic device. As shown in FIG. 2A, there is a first evaporator 132 and a second evaporator
132 as well as a first electronic device 124 and a second electronic device 124. The transport
member 136 connecting the first evaporator to the second evaporator can be level.

[0057] During operation, the top surface of the working fluid (as a liquid) inside the
condenser 134 will be above the top surface liquid height of the working fluid in the evaporator
132, e.g, by 1 to 10 mm. It can be easier to achieve this with a transport member 136 that is at a
slight (positive non-zero) angle, but proper selection of the thermal and mechanical properties of
the working fluid in view of the expected heat transport requirements for the thermosiphon
system 130 may still achieve this for a transport member 136 that is horizontal or at a slightly
negative angle. During operation, the liquid phase of a working fluid can flow through a liquid
conduit of the transport member 136, and a vapor phase (or mixed vapor-liquid phase) of the
working fluid can flow through a vapor conduit of the transport member 136.

[0058] FIGS. 2A-2B illustrate a thermosiphon system 130 with multiple evaporators 132;
each evaporator 132 can contact a different electronic device 124, or multiple evaporators 132
could contact the same electronic device, e.g., if the electronic device is particularly large or has

multiple heat generating regions. The multiple evaporators 132 can be connected by the
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transport member 136 to the condenser 134 in series, e.g., a single transport member 136
connects the condenser 134 to a first evaporator 132 and a second evaporator 132. Alternatively,
some or all of the multiple evaporators 132 can be connected by multiple transport members 136
to the condenser 134 in parallel, e.g., a first transport member connects the condenser to a first
evaporator, and a second transport member connects the condenser 134 to a second evaporator.
Advantages of a serial implementation may be fewer tubes, whereas an advantage of parallel
tubes is that the tube diameters can be smaller.

[0059] FIGS. 2A-2B illustrate a thermosiphon system 130 in which a common transport
member 136 is used for both the condensate flow from the condenser 134 to the evaporator 132
and for vapor (or mixed phase) flow from the evaporator 132 to the condenser 134. Thus, in this
implementation the fluid coupling between the evaporator 132 and the condenser 134 consists of
a combined condensate and vapor transfer line 136. A potential advantage of the combined
condensate and vapor transfer line is that the transport member 136 can be connected to a side of
the condenser, reducing the vertical height of the system relative to a system with a separate line
for the vapor, since the vapor line is typically coupled to or near the top of the evaporator. The
transport member 136 can be a flexible tube or pipe, e.g., of copper or aluminum.

[0060] As shown more fully with reference to FIGS. 3A-3C, the thermosiphon system
130 includes a flow-boiling evaporator 132 (or evaporators 132) rather than a pool boiling
evaporator. In the example flow-boiling evaporator 132, the liquid working fluid that enters the
evaporator 132 boils as it flows through the evaporator 132 as the liquid absorbs heat from
electronic device 124 (or devices 124). In comparison, in a pool boiling evaporator, the liquid
phase of the working fluid “pools” in the evaporator (e.g., at the lowest elevation) and slowly
boils off, with vapor from the liquid phase rising above the pool of liquid working fluid. As the
liquid phase of the working fluid boils, a vapor phase of the working fluid is formed, thereby
decreasing a density of the working fluid as it flows in the evaporator. The decreased density of
the working fluid may increase a velocity of the flowing working fluid through the evaporator
132, thereby further causing the liquid phase to flow through the evaporator 132. This increased
velocity may result in increased convective heat transfer in the evaporator 132 and, consequently
a more efficient heat transfer process between the electronic devices 124 and the working fluid in

the evaporator 132.
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[0061] In some aspects, a pressure drop through the thermosiphon system 130 is
balanced (e.g., substantially or exactly). A “pumping force” to circulate a flow of the working
fluid through the thermosiphon system 130 may be provided by a liquid head (e.g., an amount of
liquid phase of the working fluid built up in the condenser 134). This liquid head pressure may
be equal (e.g., substantially or equally) to a sum of all pressure drops through the system 130.
The pressure drops include, for example, a pressure drop of the liquid phase from the condenser
134 to the evaporator 132 through the transport member 136, a pressure drop as the liquid phase
flow-boils to the vapor (or mixed) phase in the evaporator 132, and a pressure drop of the vapor
(or mixed) phase flowing through the transport member 136 from the evaporator 132 to the
condenser 134. In some aspects, to ensure proper flow of the working fluid in a natural flow
system (e.g., without mechanical pumping), the total pressure drop is equal or substantially equal
to the liquid head available in the system 130.

[0062] In some aspects of the presently described implementations, a vapor conduit that
extends through transport member 136 of thermosiphon system 130 may be larger (e.g., in cross-
sectional area) than a liquid conduit that extends through the transport member 136. For
example, by having a larger (e.g., cross-section) vapor conduit, proper flow of the working fluid
may be assisted or achieved because, for instance, the vapor (or mixed) phase of the working
fluid is less dense that the liquid phase. Thus, in order to reduce pressure losses associated with
circulating (e.g., naturally) the vapor (or mixed) phase through the vapor conduit, as compared to
pressure losses associated with circulating (e.g., naturally) the liquid phase through the liquid
conduit, the vapor conduit flow area may be larger. In some aspects, the vapor conduit flow area
may be a sum of flow areas of two or more vapor conduits that extend through the transport
member 136.

[0063] FIGS. 3A-3C illustrate schematic cross-sectional side, isometric, and top views,
respectively, of an evaporator of an example implementation of a thermosiphon cooling system,
such as the thermosiphon cooling system 130 shown in FIGS. 2A-2B. As illustrated in the side
cross-section of FIG. 3A, an evaporator end 140 of the transport member 136 is mounted on the
evaporator 132. In this implementation of the transport member 136, the member 136 includes a
single liquid conduit 144 and two vapor conduits 146.

[0064] As shown, the liquid conduit 144 includes outlet 150 and extends (e.g., in a

“cross” shaped cross-section) through a middle portion of the transport member 136 and above a
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heat transfer surface 138 of the evaporator 132. The heat transfer surface 138, in this
implementation, is positioned over a fluid channel 154 of the evaporator 132 that is parallel (e.g.,
exactly or substantially) to the liquid conduit 144. Also, the heat transfer surface 138, in this
example, includes multiple fins 159 that form fluid pathways 160 across the evaporator 132 (e.g.,
transverse to the liquid conduit 144) within the fluid channel 154. In some aspects, fins 159 may
be formed to at or about 4 millimeters (mm) above the fluid channel 154 and at 16-40 fins per
inch (fp1) across the fluid channel 154. Other extended surfaces, such as rounded or sharp
ridges, may also be used as the heat transfer surface 138.

[0065] In this example embodiment, the transport member 136 forms a top surface 149 of
the fluid pathways 160, thereby capping the fluid pathways 160 so that the working fluid vapor
phase 156 is constrained within the fluid pathways 160 until the vapor phase 156 flows into the
troughs 158. In alternative implementations, a separate member (e.g., a flat sheet or other
member) may be used to vertically enclose or cap the fluid pathways 160 at a top of the
pathways 160.

[0066] In this example implementation shown in FIGS. 3A-3C, there are two vapor
conduits 146 with inlets 143, shown on opposed sides of the transport member 136. In this
example, each vapor conduit 146 is substantially “L”-shape with an extended portion towards the
middle of the transport member 136 and a stub portion that is positioned over a trough 158 of the
evaporator 132.

[0067] FIG. 3C illustrates a top cross-section view of the evaporator 132. As illustrated,
the fluid channel 154 extends through the evaporator 132 and, in this implementation, is
transverse to the fluid pathways 160 that are formed between the fins 159. As shown in dotted
line here, the outlet 150 of the transport member 136 extends parallel to the fluid channel 154
(and transverse to the fluid pathways 160) and through a center of the channel 154. The troughs
158 are also illustrated by dotted lines extending parallel to the outlet 150 and on opposed sides
of the fluid channel 154.

[0068] Turning briefly to FIG. 5B, a schematic isometric view of a condenser end 182 of
the transport member 136 is illustrated. In some example implementations, the condenser end
182 may correspond with the evaporator end 142 of the transport member 136, in that two outlets
145 of the vapor conduits 146 are shown exiting the condenser end 182, with a single liquid

conduit 144 having a liquid entrance 147 in the condenser end 182. As illustrated in FIG. 5B,



WO 2016/209496 PCT/US2016/034085
14

the condenser end 182 includes an extended portion 184, which includes the outlets 145 of the
vapor conduits 146 and a portion of the inlet 147 of the liquid conduit 144. The condenser end
182 also includes a recessed portion 186 that includes a portion of the entrance 147 of the liquid
conduit 144. The recessed portion 186, as a solid portion of the transport member 136, extends
length-wise through the transport member 136 to force a flow of working fluid vapor to circulate
(e.g., naturally) through the extended portions of the L-shaped vapor conduits 146 that extend the
entire length of the transport member 136 (and exit as shown in FIG. 5B at the condenser end
182).

[0069] In some aspects, the inlets and outlets of the liquid conduit 144 or the vapor
conduit 164, or both, may be adjustable (e.g., as manufactured) so that a pressure loss of the
working fluid that circulates through the transport member 136, the evaporator 132, and the
condenser 134 may be more particularly matched to a required thermal load (e.g., to match a heat
output of the heat generating electronic devices 124. For example, adjusting the inlets, the
outlets, or both, may adjust a total pressure loss of the working fluid as it circulates through the
thermosiphon system 130, which may adjust a cooling capacity of the working fluid.

[0070] In operation, a liquid phase 152 of a working fluid of the thermosiphon cooling
system flows (e.g., naturally) through the liquid conduit 144 in the transport member 136
towards the evaporator 132. As the liquid phase 152 reaches the evaporator 132 positioned
below the transport member 136, the liquid phase 152 flows through an outlet 150 of the liquid
conduit 144 and into the fluid channel 154. As the heat transfer surface 138 is divided into the
fluid pathways 160 (e.g., by the fins 159), the liquid phase 152 flows into the fluid pathways 160
from the outlet 150.

[0071] In the fluid pathways 160, the liquid phase 152 receives heat from one or more
heat generating devices (not shown) thermally coupled to the evaporator 132. As the heat is
received, the liquid phase 152 begins to boil, e.g., change phase from liquid to a mixed-phase or
vapor phase of the working fluid. As described previously, as the liquid phase 152 changes to a
vapor phase (or mixed phase) 156 in the fluid pathways 160, a density of the working fluid
decreases, thereby increasing a flow velocity of the working fluid in the fluid pathways 160
(which in turn increases heat transfer to the working fluid in the fluid pathways 160). Further, in
some example implementations, the fluid pathways 160 may be pitched away from the outlet 150

and towards the troughs 158.
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[0072] The working fluid that is vertically enclosed within the fluid pathways 160 by the
top surface 149 and flows from the fluid pathways 160 into the troughs 158 is the vapor or mixed
phase 156 (e.g., all or substantially all). In some examples, the thermosiphon system may be
designed such that most of the liquid phase 152 is vaporized within the fluid channels 160,
without running the thermosiphon “dry” (e.g., vaporizing all of the liquid phase 152) when the
heat generating devices are operating at peak or nameplate heat output (e.g., peak or nameplate
power, peak speed, or otherwise). As the vapor or mixed phase 156 collects in the troughs 158,
natural circulation (e.g., density and/or pressure differences) causes this phase 156 to migrate to
the vapor conduits 146, and to circulate back to the condenser end 182 of the thermosiphon
system in the transport member 136.

[0073] During operation, in some example aspects of the transport member 136, heat
may be transferred from the vapor (or mixed phase) 156 to the liquid phase 152 as the two
phases flow through the transport member 136 (in opposite directions). For example, the
transport member 136 may include a heat transfer interface 188 that extends a length of the
transport member 136 between the liquid conduit 144 and the vapor conduits 146. The heat
transfer interface 188 may be made of the same or similar material as the transport member 136
(e.g., copper, aluminum, or otherwise), or may be made of a material of higher thermal
conductivity than the transport member 136. In any event, as the vapor (or mixed) phase 156
circulates (e.g., naturally) toward the condenser, heat may be transferred from the phase 156 to
the liquid phase 152. By “pre-heating” the liquid phase 152 (e.g., heating the phase 152 prior to
entering the fluid pathways 160), additional vaporization of the liquid phase 152 in the pathways
160 may be achieved.

[0074] FIGS. 4A-4C illustrate schematic cross-sectional side, isometric, and top views,
respectively, of an evaporator end of another example implementation of a thermosiphon cooling
system, such as the thermosiphon cooling system 130 shown in FIGS. 2A-2B. As illustrated in
the cross-section of FIG. 4A, an evaporator end 162 of the transport member 136 is mounted on
the evaporator 132. In this implementation of the transport member 136, the member 136
includes a single liquid conduit 164 and a single vapor conduit 166. As shown, the liquid
conduit 164 extends (e.g., in an “L” shaped cross-section) through a right side portion (in these
views) of the transport member 136 and above a heat transfer surface 168 of the evaporator 132.

The heat transfer surface 168, in this implementation, is positioned over a fluid channel 174 of



WO 2016/209496 PCT/US2016/034085
16

the evaporator 132 that is parallel (e.g., exactly or substantially) to the liquid conduit 164. Also,
the heat transfer surface 168, in this example, includes multiple fins 161 that form fluid pathways
180 across the evaporator 132 (e.g., transverse to the liquid conduit 164) within the fluid channel
174. In some aspects, fins 161 may be formed to at or about 4 mm above the fluid channel 174
and at 16-40 fins per inch (fp1) across the fluid channel 174. Other extended surfaces, such as
rounded or sharp ridges, may also be used as the heat transfer surface 168.

[0075] In this example embodiment, the transport member 136 forms a top surface 169 of
the fluid pathways 180, thereby capping the fluid pathways 180 so that the working fluid vapor
phase 176 is constrained within the fluid pathways 180 until the vapor phase 176 flows into the
trough 178. In alternative implementations, a separate member (e.g., a flat sheet or other
member) may be used to vertically enclose or cap the fluid pathways 180 at a top of the
pathways 180.

[0076] In this example implementation shown in FIGS. 4A-4C, there is one vapor
conduit 166, shown on an opposed left side (in these views) of the transport member 136 across
from the liquid conduit 164. In this example, the vapor conduit 166 is an inverted “L”-shape
with an extended portion towards the middle of the transport member 136 and a stub portion that
is positioned over a trough 178 of the evaporator 132.

[0077] FIG. 4C illustrates a top cross-section view of the evaporator 132. As illustrated,
the fluid channel 174 extends through the evaporator 132 and, in this implementation, is also
transverse to the fluid pathways 180 that are formed between the fins 161. As shown in dotted
line here, the inlet trough 177 extends parallel to the fluid channel 174 (and transverse to the
fluid pathways 180) and along a side of the channel 174. The outlet trough 178 is also illustrated
by a dotted line extending parallel to the inlet trough 177 and on an opposed side of the fluid
channel 174 relative to the inlet trough 177.

[0078] Turning briefly to FIG. 5C, a schematic isometric view of a condenser end 192 of
the transport member 136 is illustrated. In some example implementations, the condenser end
192 may correspond with the evaporator end 162 of the transport member 136, in that one vapor
conduit 166 is shown exiting the condenser end 192, with a single liquid conduit 164 having a
liquid entrance in the condenser end 192. As illustrated in FIG. 5C, the condenser end 192
includes an extended portion 194, which includes the exit of the vapor conduit 166 and a portion

of the entrance of the liquid conduit 164. The condenser end 192 also includes a recessed
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portion 196 that includes a portion of the entrance of the liquid conduit 164. The recessed
portion 196, as a solid portion of the transport member 136 (underneath the vapor conduit 166),
extends length-wise through the transport member 136 to force a flow of working fluid vapor to
circulate (e.g., naturally) through the extended portion of the inverted L-shaped vapor conduit
166 that extends the entire length of the transport member 136 (and exits as shown in FIG. 5C at
the condenser end 192).

[0079] In operation, a liquid phase 172 of a working fluid of the thermosiphon cooling
system flows (e.g., naturally) through the liquid conduit 164 in the transport member 136
towards the evaporator 132. As the liquid phase 172 reaches the evaporator 132 positioned
below the transport member 136, the liquid phase 172 flows through an outlet 170 of the liquid
conduit 164, into an inlet trough 177, and into the fluid channel 174. As the heat transfer surface
168 is divided into the fluid pathways 180 (e.g., by the fins 161), the liquid phase 172 flows into
the fluid pathways 180 from the outlet 170.

[0080] In the fluid pathways 180, the liquid phase 172 receives heat from one or more
heat generating devices (not shown) thermally coupled to the evaporator 132. As the heat is
received, the liquid phase 172 begins to boil, e.g., change phase from liquid to a mixed-phase or
vapor phase of the working fluid. As described previously, as the liquid phase 172 changes to a
vapor phase (or mixed phase) 176 in the fluid pathways 180, a density of the working fluid
decreases, thereby increasing a flow velocity of the working fluid in the fluid pathways 180
(which in turn increases heat transfer to the working fluid in the fluid pathways 180). Further, in
some example implementations, the fluid pathways 180 may be pitched away from the inlet
trough 177 and towards the outlet trough 178.

[0081] The working fluid that flows from the fluid pathways 180 into the outlet trough
178 is the vapor or mixed phase 176 (e.g., all or substantially all). In some examples, the
thermosiphon system may be designed such that most of the liquid phase 172 is vaporized within
the fluid channels 180, without running the thermosiphon “dry” (e.g., vaporizing all of the liquid
phase 172) when the heat generating devices are operating at peak or nameplate heat output (e.g.,
peak or nameplate power, peak speed, or otherwise). As the vapor or mixed phase 176 collects
in the outlet trough 178, natural circulation (e.g., density and/or pressure differences) cause this
phase 176 to migrate to the vapor conduit 166, and to circulate back to the condenser end 192 of

the thermosiphon system in the transport member 136.
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[0082] During operation, in some example aspects of the transport member 136, heat
may be transferred from the vapor (or mixed phase) 176 to the liquid phase 172 as the two
phases flow through the transport member 136 (in opposite directions). For example, the
transport member 136 may include a heat transfer interface 198 that extends a length of the
transport member 136 between the liquid conduit 164 and the vapor conduit 166. The heat
transfer interface 198 may be made of the same or similar material as the transport member 136
(e.g., copper, aluminum, or otherwise), or may be made of a material of higher thermal
conductivity than the transport member 136. In any event, as the vapor (or mixed) phase 176
circulates (e.g., naturally) toward the condenser, heat may be transferred from the phase 176 to
the liquid phase 172. By “pre-heating” the liquid phase 172 (e.g., heating the phase 172 prior to
entering the fluid pathways 180), additional vaporization of the liquid phase 172 in the pathways
180 may be achieved.

[0083] FIGS. 5A illustrates a schematic side view of a condenser end of example
implementations of a thermosiphon cooling system. FIG. 5A, as shown, illustrates a side view of
either of condenser ends 182 or 192, as shown in FIGS. 5B or 5C, respectively. This side view
illustrates condenser ends 182 or 192 positioned within the condenser 134. Generally, the vapor
(or mixed) phase of a working fluid that circulates out of the condenser ends 182/192 enters the
condenser 134, is cooled, and condenser to a liquid phase of the working fluid. As shown,
extended portions 184 and 194 of the condenser ends 182 and 192 provide outlets for the vapor
(or mixed) phase 156 and 176.

[0084] Further, the recessed portions 186 and 196 of the condenser ends 182 and 192
provide at least part of inlets for the liquid phase 152 and 172. In some implementations, the
inlets are offset in the condenser ends 182 and 192 so that liquid working fluid is directed (e.g.,
by gravity) towards the inlets.

[0085] In alternative embodiments, the fluid pathways 160 may be oriented parallel (e.g.,
exactly or substantially) to the fluid channel 154. Thus, in aspects that include the fins 159, the
fins 159 (or ridges, for example) are oriented to form the fluid pathways 160 parallel to the fluid
channel 154.

[0086] FIGS. 6A-6B illustrate schematic side and top cross-sectional views, respectively
of an evaporator of another example implementation of a thermosiphon cooling system. For

example, FIGS. 6A-6B show an evaporator 132 in which fluid pathways extend through the
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evaporator parallel with a fluid channel within the evaporator. Turning to FIG. 6A, The transport
member 136 is illustrated on top of the evaporator 132 and forming a top surface 205 for fluid
pathways 220. The fluid pathways 220 are formed between heat transfer surfaces 210 (e.g., fins
or ridges) through a fluid channel 215 of the evaporator 132. FIG. 6B illustrates a top cross-
section of the evaporator 132 shown in FIG. 6A. As illustrated, the heat transfer surfaces 210
extend through, and parallel with, the fluid channel 215 (relative to the longest dimension of the
channel 215). The fluid pathways 220 also are formed to extend parallel with the longest
dimension of the fluid channel 215.

[0087] In operation, liquid working fluid may flow into an inlet area 225 of the
evaporator 132, and, due to heat transfer from one or more heat generating electronic devices
thermally coupled with the evaporator, may phase change to a vapor or mixed-phase working
fluid through the fluid pathways 220. As the fluid pathways 220 are enclosed by the top surface
205, the working fluid is constrained to flow through the fluid pathways 220 to an outlet area
230. The vapor or mixed-phase working fluid exits the evaporator 132, and into a vapor conduit
of the transport member 136, from the outlet area 230.

[0088] FIG. 6C illustrates a top cross-section of another implementation of the
evaporator 132 shown in FIG. 6A, which includes one or more spacers 235. In this
implementation, the spacers 235 may be solid or mostly solid members that are inserted into the
fluid channel 215 of the evaporator 132. The spacers 235 may be substantially the same depth of
the fluid channel 215 and vertically extend up to the top surface 205. In some implementations,
the spacers 235 may effectively decrease a heat transfer volume of the evaporator 132 (e.g., by
decreasing a number or total volume of fluid pathways 220), thereby decreasing a total cooling
power of the thermosiphon. Spacers 235, although illustrated in FIG. 6C as extending along
sides of the fluid channel 215, may be any shape or size and may be tailored to effectively
decrease any desired heat transfer volume. For example, spacers 235 may restrict the flow and
balance a liquid flow rate of the working fluid through the evaporator 132. As noted, a thickness
and size of the spacers 235 (or a single spacer 235) can be changed to adjust the flow rate based
on the expected heat load. The spacer 235 or spacers 235 may also reduce or eliminate a need to
have different cut out sizes for the liquid or vapor inlet/outlet in the transport member 126. As
shown, spacers 235 are added on the two sides of the fins 210 to eliminate bypass flow around

the fins 210 and guide all of the working fluid through the fluid pathways 220 between the fins
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210. Thus, thermal performance may be tailored for a cooling power of the thermosiphon to a
particular application (e.g., a particular heat output of one or more heat generating electronic
devices).

[0089] A number of embodiments have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit and scope
of what is described. Further, in some implementations, a phase change material may be
positioned, for example, between an evaporator of a thermosiphon and one or more heat
generating electronic devices to increase a thermal contact area between the evaporator and the
devices. As another example, in some implementations a heat transfer surface of an evaporator
of a thermosiphon may not include fins or ridges. Accordingly, other embodiments are within

the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A thermosiphon, comprising:

a condenser;

an evaporator that comprises a fluid channel and a heat transfer surface, the heat transfer
surface defining a plurality of fluid pathways in the fluid channel that extend through the fluid
channel, the evaporator configured to thermally couple to one or more heat-generating electronic
devices; and

a transport member that fluidly couples the condenser and the evaporator, the transport
member comprising a liquid conduit that extends through the transport member to deliver a
liquid phase of a working fluid into the fluid pathways, the transport member further comprising

a surface to vertically enclose the plurality of fluid pathways.

2. The thermosiphon of claim 1, wherein the fluid channel is oriented transverse to
the fluid pathways.
3. The thermosiphon of one of the previous claims, wherein the transport member

further comprises a vapor conduit that extends through the transport member to receive a mixed-

phase of the working fluid from the fluid pathways.

4. The thermosiphon of one of the previous claims, wherein the fluid pathways are
configured to transfer heat from the heat-generating electronic devices to the working fluid to
change the working fluid from the liquid phase to the mixed-phase between inlets of the fluid
pathways and outlets of the fluid pathways.

5. The thermosiphon of claim 4, wherein the inlets of the fluid pathways are
positioned at a first end of the fluid pathways and the outlets of the fluid pathways are positioned
at a second end of the fluid pathways opposite the first end.

6. The thermosiphon of claim 4, wherein the inlets of the fluid pathways are
positioned at a midpoint of the fluid pathways, and the outlets of the fluid pathways are
positioned at opposed ends of the fluid pathways.
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7. The thermosiphon of one of the previous claims, wherein the heat transfer surface
comprises a plurality of fins or ridges, and the plurality of fins or ridges form the plurality of
fluid pathways in the fluid channel, and the plurality of fluid pathways extend transverse to the

fluid channel.

8. The thermosiphon of one of claims 1 to 6, wherein the heat transfer surface
comprises a plurality of fins or ridges, and the plurality of fins or ridges form the plurality of
fluid pathways in the fluid channel, and the plurality of fluid pathways extend parallel with the

fluid channel.

9. The thermosiphon of one of the previous claims, wherein the transport member
further comprises a heat transfer interface between the liquid conduit and the vapor conduit to
transfer heat from the working fluid in the vapor conduit to the working fluid in the liquid

conduit.

10.  The thermosiphon of one of the previous claims, wherein the liquid phase is at or

near a saturation temperature of the working fluid.

11. The thermosiphon of one of claims 3 to 10, wherein the vapor conduit comprises

at least two vapor conduits.

12. The thermosiphon of one claims 3 to 11, wherein at least a portion of the vapor
conduit is positioned in an upper half of the transport member, and at least a portion of the liquid

conduit is positioned in a lower half of the transport member.

13.  The thermosiphon of one of claims 3 to 12, wherein the transport member
comprises a condenser end that comprises an inlet of the liquid conduit that is offset in the
transport member relative to an outlet of the vapor conduit in the condenser end of the transport

member.

14.  The thermosiphon of one of claims 3 to 13, wherein a cross sectional area of the
liquid conduit and a cross-sectional area of the vapor conduit is based, at least in part, on a heat

load of the heat-generating electronic devices.
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15. The thermosiphon of one of claims 3 to 14, wherein the transport member slopes
from the condenser to the evaporator, and a magnitude of the slope defines, at least in part, a

liquid head of the working fluid.

16.  The thermosiphon of claim 15, wherein the liquid head of the working fluid is
equal to a sum of a plurality of pressure losses in a closed loop fluid circuit that comprises the

liquid conduit, the evaporator, the vapor conduit, and the condenser.

17. The thermosiphon of one of the previous claims, further comprising a spacer

positioned in the fluid channel.

18. A method for cooling heat generating electronic devices in a data center,
comprising:

flowing a liquid phase of a working fluid from a condenser of a thermosiphon to an
evaporator of the thermosiphon in a transport member of the thermosiphon,;

flowing the liquid phase of the working fluid into a fluid channel of the evaporator from
the transport member;

flowing the liquid phase of the working fluid from the fluid channel to a plurality of fluid
pathways that extend through the fluid channel and are enclosed between the evaporator and the
transport member;

boiling at least a portion of the liquid working fluid flowing in the plurality of fluid
pathways based on a transfer of heat from at least one data center heat generating device that is
thermally coupled to the evaporator; and

flowing a mixed phase of the working fluid out of the plurality of fluid pathways into at

least one vapor conduit of the transport member and to the condenser.

19. The method of claim 18, further comprising:

transferring heat from the heat-generating electronic devices to the working fluid through
a heat transfer surface that forms the plurality of fluid pathways; and

changing the working fluid from the liquid phase to the mixed-phase between inlets of

the fluid pathways and outlets of the fluid pathways.
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20. The method of claim 19, further comprising:

flowing the liquid phase into the inlets of the fluid pathways positioned at a first end of
the fluid pathways; and

flowing the mixed phase out of the outlets of the fluid pathways positioned at a second

end of the fluid pathways opposite the first end.

21. The method of claim 19, further comprising:

flowing the liquid phase into the inlets of the fluid pathways positioned at a midpoint of
the fluid pathways; and

flowing the mixed phase out of the outlets of the fluid pathways positioned at opposed
ends of the fluid pathways.

22. The method of one of claims 19 to 21, further comprising flowing the working
fluid through a plurality of fins or ridges positioned that form the plurality of fluid pathways in
the fluid channel.

23. The method of claim 22, wherein flowing the working fluid through a plurality of
fins or ridges that form the plurality of fluid pathways in the fluid channel comprises flowing the

working fluid transversely from the fluid channel through the plurality of fluid pathways.

24.  The method of one of claims 18 to 23, further comprising transferring heat from
the working fluid in the vapor conduit to the working fluid in the liquid conduit through a heat

transfer interface between the liquid conduit and the vapor conduit in the transport member.

25. The method of one of claims 18 to 24, wherein the liquid phase is at or near a

saturation temperature of the working fluid.

26. The method of one of claims 18 to 25, further comprising flowing the mixed

phase of the working fluid through the at least one vapor conduit to the condenser.
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27. A data center cooling system, comprising:
a tray sub-assembly configured to engage with a rack;
a support board mounted on the tray sub-assembly, the support board comprising a heat-
generating computing device; and
a thermosiphon system, comprising:
a condenser;
a flow boiling evaporator that comprises at least one fluid pathway configured to
receive a flow of a working fluid in liquid phase and output the flow of the working fluid in a
mixed liquid-vapor phase based on heat transferred from the heat-generating computing device
to the flow of the working fluid; and

a transport tubular that fluidly couples the condenser and the evaporator.

28. The data center cooling system of claim 27, wherein the evaporator comprises a
fluid channel and a plurality of fluid pathways that extend through the fluid channel, and the
transport tubular comprises:

a liquid carrier that extends through the transport tubular and is oriented transverse to the
fluid pathways to deliver the flow of the working fluid in liquid phase into the fluid pathways;
and

a vapor carrier that extends through the transport tubular to receive the flow of the

working fluid in mixed liquid-vapor phase from the fluid pathways.

29.  The data center cooling system of claim 28, wherein the plurality of fluid

pathways are defined between a plurality of heat transfer surfaces.

30. The data center cooling system of one of claims 28 to 29, wherein inlets of the
plurality fluid pathways are positioned at a first end of the fluid pathways and outlets of the
plurality of fluid pathways are positioned at a second end of the fluid pathways opposite the first

end.

31 The data center cooling system of one of claims 28 to 29, wherein inlets of the
plurality of fluid pathways are positioned near or at a midpoint of the fluid pathways, and outlets

of the plurality of fluid pathways are positioned at opposed ends of the fluid pathways.
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