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PATENT APPLICATION

COOLING SYSTEM FOR DATA CENTER RACK

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of the following U.S. Provisional Patent

Applications: US 62/130,018, filed 09 March 2015; US 62/248,788, filed 30 October 2015; and

US 62/275,909, filed 7 January 2016. The entire content of each parent application is

incorporated by reference in its entirety.

BACKGROUND

1. Field

[0002] The present invention relates generally to cooling systems and, more specifically to

cooling systems for computer racks.

2. Description of the Related Art

[0003] Computer racks, such as server racks, are generally used to house and in some cases

interconnect collections of computing devices, like servers and associated storage, power

supplies, network switches and the like. In many cases, the computing devices are relatively

numerous and arranged in a relatively high-density array due to the cost of space appropriate to

store such computing devices. Often the computing devices generate a relatively large amount

of heat during operation, and cooling the computing devices can be energy intensive. Indeed, in

many cases, cooling costs account for a substantial portion of the cost of running such devices.

SUMMARY

[0004] The following is a non-exhaustive listing of some aspects of the present techniques.

These and other aspects are described in the following disclosure.



[0005] Some aspects include a method for cooling a datacenter chamber having racks

configured to hold arrays of rack-mounted computing devices. The method including: directing

a cooling fluid (e.g., air), at a first temperature and a first pressure from an outer radius of

circularly arranged racks through the racks and components within the racks; passing the cooling

fluid to an interior chamber of the datacenter chamber at a second temperature and a second

pressure; and directing the cooling fluid upward to exit the interior chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The above-mentioned aspects and other aspects of the present techniques will be better

understood when the present application is read in view of the following figures in which like

numbers indicate similar or identical elements:

[0007] Figure 1 illustrates operation of a cooling system for a cylindrical computing-device

rack;

[0008] Figure 2 illustrates components of the cylindrical computing-device rack of Figure 1;

[0009] Figure 3 illustrates operation of a fan in the cylindrical computing-device rack of

Figure 1;

[0010] Figure 4 illustrates an example of a spatially modulated airflow restrictor in the rack of

Figure 1; and

[0011] Figure 5 illustrates components of a computing device that may be disposed and

interconnected in the cylindrical computing-device rack of Figures 1 .

[0012] While the invention is susceptible to various modifications and alternative forms,

specific embodiments thereof are shown by way of example in the drawings and will herein be

described in detail. The drawings may not be to scale. It should be understood, however, that the

drawings and detailed description thereto are not intended to limit the invention to the particular

form disclosed, but to the contrary, the intention is to cover all modifications, equivalents, and

alternatives falling within the spirit and scope of the present invention as defined by the

appended claims.



DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

[0013] To mitigate the problems described herein, the applicants had to both invent solutions

and, in some cases just as importantly, recognize problems overlooked (or not yet foreseen) by

others in the field. Indeed, applicants wish to emphasize the difficulty of recognizing those

problems that are nascent and will become much more apparent in the future should trends in the

data center industry continue as applicants expect. Further, because multiple problems are

addressed, it should be understood that some embodiments are problem-specific, and not all

embodiments address every problem with traditional systems described herein or provide every

benefit described herein. That said, improvements that solve various permutations of these

problems are described below.

[0014] Controlling air temperature in an environment with multiple computing devices is

generally done to help protect equipment from malfunction and damage. In some cases it may

also reduce power consumption and cost. For example, temperatures in a server rack may rise

because of the amount of power used in the server rack, which may cause heat damage to

equipment on the rack. Further, high humidity may cause water to condense on internal

components within the server rack. And low humidity may cause static electricity discharge

problems which may damage components within the server rack. Industry recommended

temperatures generally range between 64 and 8 1 °F in some cases, temperatures may range

between 59 and 90 °F, a dew point range between 4 1 and 59 °F, and a maximum relative

humidity of 60.

[0015] Traditional techniques for controlling temperature and humidity in data center racks

are lacking. In many cases, a "hot aisle" is used between a pair of racks facing opposite

directions, with air flowing through the racks and into the "hot aisle." This arrangement often

wastes very valuable floor space in data centers, as the "hot aisle," generally runs along a full

length of rows of racks, consuming space that designers would prefer to dedicate to storing

computing devices. Further, existing systems for driving a cooling fluid are not particularly

reliable or responsive to changing conditions within a datacenter, and some designs are

susceptible to positive-pressure in the "hot aisle," possibly causing some computing devices to

be heated rather than cooled.



[0016] To mitigate some or all of these problems, and others, some embodiments, such as

those shown in Figure 1-3, implement a structure whereby the "hot aisle" is replaced by a hot,

generally cylindrical, interior chamber. In some embodiments, cool air is pulled or pushed in

from all directions circumferentially inward cool the equipment. The incoming air is heated as it

passes across heatsinks and other warm components inside the equipment, pulling waste heat

from computing devices, before being exhausted through the interior chamber. In some cases,

the hot exhaust from server racks can be more efficiently evacuated while occupying less overall

space and increasing computing density. Further, some embodiments may offer varied airflow

resistance along the length of the interior chamber, increasing airflow resistance into the interior

chamber toward the downstream end of the chamber, to reduce the likelihood of positive

pressure developing in the interior chamber. That said, embodiments are not limited to systems

that provide these benefits, as various independently useful techniques are described here, which

is not to suggest that any other feature may not be omitted in some cases.

[0017] The present techniques are described with reference to a cooling gas (air), but are

consistent with other fluids, e.g., systems immersed in mineral oil. In some embodiments, an

integrated cooling system for cooling a server rack may be independent from other cooling

systems (e.g., for other server racks in the datacenter, for the room where the datacenter is

located, or for the building where the datacenter is located). In some cases, the integrated

cooling system of the server rack may be controlled in concert with other cooling systems for

other racks, for the room or for the building. Cooling systems, humidifiers, ventilators, or other

temperature and humidity control systems may be used to help control air temperature and

humidity. In some embodiments, the integrated cooling system may be configured to provide

cooling and humidity control by directly drawing fresh air into the cooling system (e.g., through

a vent, duct, etc.) In some embodiments, the integrated cooling system may be a portable

cooling system.

[0018] In the illustrated embodiment of Figure 1, server racks 605 of chamber 600 are

arranged into a cylindrical shape (or they may be arranged in other shapes e.g., square, hexagon,

or octagon with the back sides all facing towards the center). In some embodiments, the

chamber 600 may have a generally cylindrical shape, e.g., a circular cylindrical shape. In some



embodiments, the chamber 600 may be generally rotationally symmetric about a vertical axis

extending through the center of the chamber 600.

[0019] In some embodiments, the interior chamber of chamber 600 may generally be of

cylindrical shape. In some cases, the interior chamber of chamber 600 may define a cylinder

with a base having a variety of shapes consistent with the present techniques, e.g., a rectangular,

triangular, pentagonal, hexagonal, heptagonal, octagonal, decagonal, dodecagonal, or elliptical.

In some cases, the interior chamber may define a tapered shape, such as an inverted cone, in

which the diameter of the bottom is larger than the top or vice versa. This, in some cases, allows

outside cold air to be pulled (or pushed) in from several (e.g., all horizontal) directions to cool

equipment in chamber 600 as shown by arrows 610. In some cases, hot air is exhausted through

the interior chamber, or cool air may be ingested through the interior chamber.

[0020] Various techniques may be used for forcing air to flow over computing equipment

mounted in the racks, or some embodiments may use convection currents. For example, a

cooling fluid (e.g., air, gas, water, chemicals, or other cooling fluids) may be driven along

equipment in chamber 600 and through the interior chamber. The cool fluid is heated as it passes

through equipment and is driven out of the chamber. For example, in case of air or gas, the

heated fluid may be driven out by a fan 624 located near an end of the interior chamber (e.g., top

of the interior chamber, or located elsewhere within, and/or near to chamber 600) to a duct or a

vent.

[0021] Or in the case of cooling liquids, the heated liquid may be directed out of the chamber

and into a heat exchanger using a pump. A variety of different types of liquids may be used. In

some cases, a liquid that is an insulator may be pumped over the equipment, like mineral oil or

distilled water. In some embodiments, liquid cooling may be advantageous. For example,

cooling liquids are less influenced by ambient temperature and may have a relatively high

thermal conductivity and specific heat allowing transfer of more heat from the parts being

cooled. In some cases, using cooling liquids may provide less noise compared to other cooling

methods. Cooling gases, however, are expected to offer less expensive cooling systems.

[0022] In some embodiments, chamber 600 may include an integrated ventilation

infrastructure. In some embodiments, the integrated ventilation infrastructure of chamber 600 is



independent of other ventilation systems of other chambers, room, or building, e.g., having its

own mechanical drive and apparatus configured to create a pressure differential. For example,

the integrated ventillation system may have its own controller, temperature sensors, fan, and

motors, such that once power is supplied, the system can provide cooling without furhter

infrastructure. This is expected to facilitate lower cost re-configuraiton of data centers in

response to changes in demand, as capacity can be added without reconfiguring the building.

That said, several independently useful inventions are described, so not all embodiments provide

all of these benefits.

[0023] In some cases, the integrated ventilation infrastructure may be controlled in concert

with ventilation of other chambers in the datacenter, ventilation of the room, or building. In

some embodiments, the ventilation infrastructure may include one or more fans in series or

parallel. In some embodiments, the integrated ventilation infrastructure includes a plurality of

motors attached to a fan through clutches.

[0024] As shown in Figure 1, the cold (e.g., relative to the temperature of the computing

equipment) air may flow over the computing devices, drawing heat therefrom, and into the

interior cylindrical interior chamber (cylinder). From the cylinder, the air may be exhausted

through fan 624 that drives the airflow as shown by arrows 620 in Figures 1 and 3 . In some

embodiments, fan 624 is part of an integrated cooling or ventilation system by which air is drawn

through the inner chamber and out of the chamber. In some embodiments, ducting may be

coupled to the cylinder and air may flow through the ducting to a region at a lower pressure.

[0025] In some embodiment, cool air (or other cooling fluid) may be driven along equipment

in chamber 600 and through the interior chamber. Different techniques for driving the cool air

may be used. For example, the cool air may be forced by a fan (or multiple fans) to flow

circumferentially inward or outward to cool rack-mounted computing equipment. In some

embodiments, a series of fans each located proximate to an outer surface of a rack may be

configured to drive cool air inward and over the equipment. The cool air may be ambient air in

some cases. In some embodiments, cool air may be provided by a cooling system for example

building heating, ventilation, and air conditioning (HVAC), reversible heat pump, portable air

conditioning unit, free cooling system, evaporative cooler, or the like. In some embodiments,



when the outside temperature is cool (e.g., night time, cold season, cold location, etc.), outside

air may be driven directly into the rack without going through a cooling process. The outside air

may be driven by a pump, a blower, a fan, a duct system, or by other guiding mechanisms for

drawing air into the rack.

[0026] In some embodiments, in operation, cool air (or other cooling fluids) at a first

temperature, and a first pressure is directed to flow circumferentially inward along computing

devices mounted in the racks of chamber 600 and through the interior chamber of chamber 600.

In some cases, the cool air flows through the racks, along and through equipment on the racks.

As shown in Figure 1, the air flows from all directions (e.g., substantially all directions in a

horizontal plane) of the cylindrical shaped chamber and is drawn through the racks and

equipment on the racks towards the interior chamber. The incoming air is heated as it passes

across heatsinks (pulling waste heat from computing equipment) and other warm components

inside the equipment, in these embodiments. Heatsinks generally transfer heat from equipment

on the rack to the cool air trough convection, radiation, conduction, or other heat transfer

methods.

[0027] In some embodiments, the hot air exits the backs of the racks and enters the interior

chamber. In this example, once in the interior chamber, air is at a temperature that is higher than

the first temperature and at a pressure lower than the first pressure. The interior chamber defines

a flow path for the heated air, which in this example, exits the chamber through the top side of

the chamber.

[0028] In some embodiments, chamber 600 may include dampers configured to adjust the

flow of air. Dampers may be used to increase, decrease or completely stop the flow of air.

Figure 1 illustrates an example of dampers 525 In some cases, dampers 525 located at the base of

the chamber may be used to adjust the flow of air. In some embodiments, the dampers may

include one or more valves, or plates configured to control, stop, or regulate the flow of air inside

chamber 600. In some embodiments, one or more dampers may be manual (e.g., using a manual

handle to control the damper), or automatic (e.g., using motors that are controlled by a

thermostat).



[0029] In some embodiments, different rack-mounted computing devices may obstruct air

differently, potentially leading to areas of high flow and other areas of low flow. The low flow

areas may not be adequately cooled. To mitigate this issue, chamber 600 may include baffles (or

other structures that impede airflow through a surface, like filters and plates with arrays of holes)

surrounding (e.g., adjacent and defining) the interior chamber. These structures are expected to

make airflow more uniform within chamber 600 (e.g., for cooling, ventilation, heat exchange,

etc.) For example, the airflow restrictions may make airflow more uniform into or out of the

chamber. In some cases, the airflow restrictions may uniformly constrain airflow over a surface

and, thereby, account for a substantial portion of the pressure drop between the interior and

exterior of the chamber. As a result, it is expected that computing-device specific differences in

the pressure drop will account for a smaller portion of the total pressure drop, thereby evening

fluid flow. In some embodiments, the airflow restrictors may be in the form of vanes, panels,

orifices, or other forms. In some embodiments, the baffles may be one or more of longitudinal,

horizontal, or other type of baffles.

[0030] In some embodiments, airflow restrictors may include spatially modulated airflow

restrictors configured expected to reduce the likelihood of positive pressure developing in the

interior chamber, thereby preventing hot air from flowing back from the interior chamber

towards the computing equipment. An example of a spatially modulated airflow restrictor 650 is

shown in Figure 4 . The airflow restrictor 650 may be disposed against a back-side of each server

rack 605, between the server rack and the interior chamber. In some cases, a ring of the airflow

restrictors, placed edge-to-edge, with one behind each server rack 605, may define the interior

chamber. Some embodiments may include a region 652 with relatively little restriction, e.g., at

an upstream end of the interior chamber, for instance with totally unobstructed airflow. In some

cases, the upstream end may be near the bottom of the interior chamber, e.g., when hot air is

exhausted through the interior chamber and out through the top of the interior chamber. An

adjacent region 654 may further restrict airflow, while generally providing a uniform amount of

airflow over the area of region 654, e.g., with an array of holes in a plate. Further upstream

along the interior chamber, a region 656 may restrict airflow even more, again while generally

providing a uniform amount of airflow over the area of region 656. Finally, a region 658 may

fully restrict airflow. In some embodiment, each rack may have an instance of spatially

modulated airflow restrictor 650 disposed adjacent a back side of the rack, between the rack and



the interior chamber. In some embodiments, restrictor 650 may be planar, or restrictor 650 may

be curved. In some embodiments, the airflow restrictions may be arrays of holes (e.g., circular

holes, or other shapes). In some embodiments, the airflow restrictions are wire mesh or air

filters. In some embodiments, the airflow restrictors are stacked, offset baffles, providing a

tortuous path. In some embodiments, the airflow restrictors are identical, but with additional

layers of airflow restrictors provided in areas of greater restriction. In some embodiments, the

restrictor may be a steel plate, e.g., a laser cut steel plate of less than 5 millimeter thickness.

[0031] In some embodiments, the amount of airflow restriction may be adjustable in the

different portions. For instance, over each portion, another instance of the segment of the plate

may be mounted with a bolt extending through a slot in the restrictor 650, and the second plate

may be translated side-to-side to adjust the amount of each hole that remains open to airflow,

thereby permitting further tuning of airflow. In some embodiments, the airflow restrictors may

be capable of being closed manually (e.g., using a manual handle to adjust a plate to close the

airflow restrictors), or automatic (e.g., using motors that are controlled by a thermostat).

[0032] In some embodiments, heated air in the interior chamber may be driven up to the top

of the interior chamber and out of the chamber by differences in pressure. In some embodiment,

the heated air may be pushed to the top of the interior chamber. For example by a fan (or

blower, or a pump) located in a bottom portion of the interior chamber. The fan (or blower, or a

pump) may be located in fluid communication with the interior chamber, e.g., inside the interior

chamber. In some cases, more than one fan may be used, for example, a fan at each equipment

tray holding computing devices. In some cases, the heated air is directed outside of the chamber

through an exhaust vent 622 located on top of the chamber 600 (Figures 1-2). In some

embodiments, a lid (e.g., lid 630 of Figure 3) configured to cover the top of the chamber serves

as a barrier that prevents the hot air from mixing back in with the cold air. In some

embodiments, a fan 624 (or an array of fans) may be arranged and positioned in the top of the lid

and configured to pull the hot air upward.

[0033] In some cases, fan 624 may be configured to pull the hot air into ductwork that routes

the air elsewhere. For example, ducting may be coupled to the interior chamber, and air may

flow through the ducting to a region at a lower pressure, in these cases, the ducting may be



connected to a second fan configured to be controlled with the same controller that controls fan

624 to create redundancy inside and outside of the chamber. In some embodiments, exhaust vent

622 may be connected to a cooling system that is configured to cool the heated air and re-inject it

into the chamber as cool air to flow circumferentially inward.

[0034] In some embodiments, the interior chamber may be connected to a source of cool air

(e.g., a cooling system, building's HVAC, etc.). Cool air (or other cooling fluids) may be

directed (by any mechanism, e.g., mechanisms described above) to flow circumferentially

outward from the interior chamber along and through computing devices mounted in the racks of

chamber 600. The cool air flows through the racks, along and through equipment on the racks.

In some embodiments, the air flows from all directions of the cylindrical shaped chamber and is

pushed from the interior chamber through the racks and equipment on the racks towards an outer

surface of the chamber. The incoming cool air from the interior chamber is heated as it passes

across heatsinks and other warm components inside the equipment, in these embodiments.

[0035] In some embodiments, a fan located on the top or the bottom of the interior chamber

(as described above) and configured to move air (cool and/or heated) in and out of the chamber.

For example, a fan located on the top may be configured to direct heated air outside of the

chamber; a fan located in the bottom of the chamber may be configured to push heated air up and

outside of the chamber. In some embodiments, a fan located in the bottom or in any other

location within the interior chamber may be configured to move cool air (or cooling fluid) from

the interior chamber to flow circumferentially outward and outside of the chamber.

[0036] In some embodiments, one or more fans located within the interior chamber may be

configured to drive the heated air in the interior chamber outside by following a flow path

defined by the cylindrical interior chamber and pushed up through the exit on the top of the

chamber. In some embodiments, the fans may be configured to move the air (or fluid) in

different directions (e.g., vertically, horizontally, diagonally, upward, downward, sideways, etc.)

The fans may have a diameter that is smaller than the inner diameter of the chamber to allow for

back access to equipment. In some embodiments, the fans may be mounted on one or more rack

trays. In some embodiments, chamber racks may be connected to each other, from the back side

toward the interior chamber, by one or more fans (the fans being connected to trays on a same



level in the computer racks). In some embodiments, the one or more fans may be independent of

the chamber. In this case, the fans may be removably placed in the space within the interior

chamber without being physically connected to the chamber. Fans with same size or different

size may be used. In some embodiments, larger, slower-turning fans may be quieter than

smaller, faster fans that can move the same airflow.

[0037] Airflow of the one or more fans may be determined by the speed of rotation (or

rotational velocity) and/or static pressure of the fans. In some cases, fans with relatively high

static pressure may be more effective at forcing air through restricted spaces, such as between

fins of heatsinks.

[0038] In some embodiments, fan 624 (and/or other fans) may be a revolving blade fan. For

example, an axial fan configured to force air to move parallel to the shaft about which the blades

rotate. In some cases, for more pressure, a centrifugal fan may be used. An impeller in the fan

may cause air to enter the fan near the shaft and move perpendicularly from the shaft to the

opening in the opening of the fan causing air to blow at right angles to the intake of the fan. In

some embodiments, a crossflow fan may be used for its ability to adjust in length and diameter to

fit the space in the interior chamber and for its high pressure coefficient. In some embodiments,

fans with no exposed fan blades may be used. In these cases, the fan includes an oscillating and

tilting head, and does not have moving blades. Instead, in some cases, the fan includes a high-

pressure-bladed impeller fan that drives the air. These are just examples of fans that can be used

with the current techniques, other types of fans may be suitable for these techniques.

[0039] The fans may be driven by motors, in some cases with a different motor for each fan,

and in some cases, with fans sharing a motor, or with multiple motors per fan. In some

embodiments, the fans may be powered by electric motors. A motor may be directly attached to

the fan (e.g., in fan center, or behind it). In some cases, the motor may be configured to drive the

fan through a belt or other gear. The motor driving the fan may be a shaded pole alternative

current (AC) motor, brushed direct current (DC) motor, brushless DC motor, or other types of

motors.

[0040] In some cases, the one or more fans may be selectively mechanically coupled to one or

more motors via one or more clutches. In some embodiments, one fan may be driven by more



than one motor. The motors may be arranged such that each can drive the fan with equal force

(e.g., approximately equal, like within plus or minus 10%), and such that only one motor is

engaged to the fan at a time. The one or more clutches are configured to engage and disengage

(disable) the one or more motors thereby powering the motor on or off, and in some cases,

controlling the amount of torque delivered by the motor. Examples of clutches may include

friction clutches, single revolution clutches, belt clutches, hydraulic clutches, and

electromagnetic clutches.

[0041] In some embodiments, the fan is monitored for proper operation by comparing its

rotational velocity or airflow to an acceptable range of values. A variety of sensors may provide

data indicative of fan performance. Examples include rotational velocity sensors of fans, pitot

tubes for sensing airflow, thermocouples for sensing temperature, or pressure sensors. In some

cases, the fans may be controlled such that their speed may be reduced when temperature is not

above a threshold for example. This may result in quieter operations, longer life, and lower

power consumption.

[0042] A variety of different control routes may be executed. In some cases, if the fan's

output falls below a minimum threshold for proper operation, the clutch for the motor driving the

fan is disabled and power to that motor is turned off. The next motor in line gets its clutch

enabled and is powered up. This failover process may continue and, in some cases, can loop

back to the first motor as the last motor fails. In some cases, before transition to the next motor

in line is made, the next motor in line is brought up to the same speed as the motor being

disabled for a smooth transition.

[0043] In a proper design taking advantage of this invention (of the several inventions

described herein), replacement of the failed motors in a live system is possible. For example, if a

motor fails, the failed motor can be removed, or replaced without stopping rotation being driven

by another motor. This allows for safe and reliable cooling for critical applications for indefinite

periods of time with minimal interruptions due to maintenance.

[0044] In some embodiments, for example a controller may be configured to enable a first

clutch associated with a first motor to drive the fan. Rotational velocity of the fan being driven

by the first motor may be compared to a range (e.g., a predetermined or dynamically determined



range) of rotational velocity values. In some cases, airflow may be compared to a range of

airflow values. One or more sensors may be used to measure one or more parameters related to

air (or fluid flow) such as temperature, airflow, density, pressure, or other parameters. In some

cases, sensors may measure one or more parameters related to the fan, motors, clutches, and or

other component within or outside of the chamber. The first clutch associated with the first

motor may be disabled responsive to the rotational velocity of the fan being outside of the range.

For example, above or below the range. The first clutch may be disabled at the time, before or

after the rotational velocity is outside of the range. A second clutch associated with a second

motor may be enabled allowing the second motor to drive the fan. In some cases, the second

clutch associated with the second motor may be disabled responsive to the rotational velocity of

the fan being outside of the range. In some cases, a third clutch associated with a third motor

may be enabled allowing the third motor to drive the fan. A last clutch, of the one or more

clutches, associated with a last motor may be disabled responsive to the rotational velocity of the

fan when driven by the last motor being outside of the range, and the first clutch associated with

the first motor may be enabled to allow the first motor to drive the fan.

[0045] The clutches may be enabled and disabled at different sequences (first, third, last, first;

or second, third, fourth, second; etc.) In some cases, not all the clutches will be enabled before

the first one is enabled. In some embodiments, more than one clutch may be enabled or disabled

at a time (e.g., to allow for more than one motor to drive the fan). In some embodiments, more

than one fan can be used. In these cases, for example, one or more fans may be enabled or

disabled through respective motors and clutches (or with other mechanisms to enable and disable

the fans). In some embodiments, a controller may be configured to control operations of the

clutches.

[0046] The controller may compare sensed values to target values and modulate fan

operation, e.g., based on an amount of difference between the values. For example a

proportional-integral-derivative (PID) controller, or other type of feedback controller, or an

open loop feed-forward controller may be used. In some cases, the fans may be controlled such

that their speed may be reduced when temperature is not above a threshold, for example. This

may result in quieter operations, longer life, and lower power consumption.



[0047] Figure 5 is a diagram that illustrates an exemplary computing system 1000 in

accordance with embodiments of the present technique. In some cases, a relatively large number

of instances of the system 1000 may be housed in the chamber 600, e.g., more than 10, more

than 20, or more than 50. Various portions of systems and methods described herein, may

include or be executed on one or more computer systems similar to computing system 1000.

Further, processes and modules described herein may be executed by one or more processing

systems similar to that of computing system 1000.

[0048] Computing system 1000 may include one or more processors (e.g., processors 1010a-

1010η) coupled to system memory 1020, an input/output I/O device interface 1030, and a

network interface 1040 via an input/output (I/O) interface 1050. A processor may include a

single processor or a plurality of processors (e.g., distributed processors). A processor may be

any suitable processor capable of executing or otherwise performing instructions. A processor

may include a central processing unit (CPU) that carries out program instructions to perform the

arithmetical, logical, and input/output operations of computing system 1000. A processor may

execute code (e.g., processor firmware, a protocol stack, a database management system, an

operating system, or a combination thereof) that creates an execution environment for program

instructions. A processor may include a programmable processor. A processor may include

general or special purpose microprocessors. A processor may receive instructions and data from

a memory (e.g., system memory 1020). Computing system 1000 may be a uni-processor system

including one processor (e.g., processor 1010a), or a multi-processor system including any

number of suitable processors (e.g., lOlOa-lOlOn). Multiple processors may be employed to

provide for parallel or sequential execution of one or more portions of the techniques described

herein. Processes, such as logic flows, described herein may be performed by one or more

programmable processors executing one or more computer programs to perform functions by

operating on input data and generating corresponding output. Processes described herein may be

performed by, and apparatus can also be implemented as, special purpose logic circuitry, e.g., an

FPGA (field programmable gate array) or an ASIC (application specific integrated circuit).

Computing system 1000 may include a plurality of computing devices (e.g., distributed computer

systems) to implement various processing functions.



[0049] I/O device interface 1030 may provide an interface for connection of one or more I/O

devices 1060 to computer system 1000. I/O devices may include devices that receive input (e.g.,

from a user) or output information (e.g., to a user). I/O devices 1060 may include, for example,

graphical user interface presented on displays (e.g., a cathode ray tube (CRT) or liquid crystal

display (LCD) monitor), pointing devices (e.g., a computer mouse or trackball), keyboards,

keypads, touchpads, scanning devices, voice recognition devices, gesture recognition devices,

printers, audio speakers, microphones, cameras, or the like. I/O devices 1060 may be connected

to computer system 1000 through a wired or wireless connection. I/O devices 1060 may be

connected to computer system 1000 from a remote location. I/O devices 1060 located on remote

computer system, for example, may be connected to computer system 1000 via a network and

network interface 1040.

[0050] Network interface 1040 may include a network adapter that provides for connection of

computer system 1000 to a network. Network interface may 1040 may facilitate data exchange

between computer system 1000 and other devices connected to the network. Network interface

1040 may support wired or wireless communication. The network may include an electronic

communication network, such as the Internet, a local area network (LAN), a wide area network

(WAN), a cellular communications network, or the like.

[0051] System memory 1020 may be configured to store program instructions 1100 or data

1110. Program instructions 1100 may be executable by a processor (e.g., one or more of

processors 1010a- 1010η) to implement one or more embodiments of the present techniques.

Instructions 1100 may include modules of computer program instructions for implementing one

or more techniques described herein with regard to various processing modules. Program

instructions may include a computer program (which in certain forms is known as a program,

software, software application, script, or code). A computer program may be written in a

programming language, including compiled or interpreted languages, or declarative or

procedural languages. A computer program may include a unit suitable for use in a computing

environment, including as a stand-alone program, a module, a component, or a subroutine. A

computer program may or may not correspond to a file in a file system. A program may be

stored in a portion of a file that holds other programs or data (e.g., one or more scripts stored in a

markup language document), in a single file dedicated to the program in question, or in multiple



coordinated files (e.g., files that store one or more modules, sub programs, or portions of code).

A computer program may be deployed to be executed on one or more computer processors

located locally at one site or distributed across multiple remote sites and interconnected by a

communication network.

[0052] System memory 1020 may include a tangible program carrier having program

instructions stored thereon. A tangible program carrier may include a non-transitory computer

readable storage medium. A non-transitory computer readable storage medium may include a

machine readable storage device, a machine readable storage substrate, a memory device, or any

combination thereof. Non-transitory computer readable storage medium may include non

volatile memory (e.g., flash memory, ROM, PROM, EPROM, EEPROM memory), volatile

memory (e.g., random access memory (RAM), static random access memory (SRAM),

synchronous dynamic RAM (SDRAM)), bulk storage memory (e.g., CD-ROM and/or DVD-

ROM, hard-drives), or the like. System memory 1020 may include a non-transitory computer

readable storage medium that may have program instructions stored thereon that are executable

by a computer processor (e.g., one or more of processors lOlOa- ΙΟΙΟη) to cause the subject

matter and the functional operations described herein. A memory (e.g., system memory 1020)

may include a single memory device and/or a plurality of memory devices (e.g., distributed

memory devices).

[0053] I/O interface 1050 may be configured to coordinate I/O traffic between processors

lOlOa- ΙΟΙΟη, system memory 1020, network interface 1040, I/O devices 1060, and/or other

peripheral devices. I/O interface 1050 may perform protocol, timing, or other data

transformations to convert data signals from one component (e.g., system memory 1020) into a

format suitable for use by another component (e.g., processors lOlOa-lOlOn). I/O interface 1050

may include support for devices attached through various types of peripheral buses, such as a

variant of the Peripheral Component Interconnect (PCI) bus standard or the Universal Serial Bus

(USB) standard.

[0054] Embodiments of the techniques described herein may be implemented using a single

instance of computer system 1000 or multiple computer systems 1000 configured to host

different portions or instances of embodiments. Multiple computer systems 1000 may provide



for parallel or sequential processing/execution of one or more portions of the techniques

described herein.

[0055] Those skilled in the art will appreciate that computer system 1000 is merely

illustrative and is not intended to limit the scope of the techniques described herein. Computer

system 1000 may include any combination of devices or software that may perform or otherwise

provide for the performance of the techniques described herein. For example, computer system

1000 may include or be a combination of a cloud-computing system, a data center, a server rack,

a server, a virtual server, a desktop computer, a laptop computer, a tablet computer, a server

device, a client device, a mobile telephone, a personal digital assistant (PDA), a mobile audio or

video player, a game console, a vehicle-mounted computer, or a Global Positioning System

(GPS), or the like. Computer system 1000 may also be connected to other devices that are not

illustrated, or may operate as a stand-alone system. In addition, the functionality provided by the

illustrated components may in some embodiments be combined in fewer components or

distributed in additional components. Similarly, in some embodiments, the functionality of some

of the illustrated components may not be provided or other additional functionality may be

available.

[0056] Those skilled in the art will also appreciate that while various items are illustrated as

being stored in memory or on storage while being used, these items or portions of them may be

transferred between memory and other storage devices for purposes of memory management and

data integrity. Alternatively, in other embodiments some or all of the software components may

execute in memory on another device and communicate with the illustrated computer system via

inter-computer communication. Some or all of the system components or data structures may

also be stored (e.g., as instructions or structured data) on a computer-accessible medium or a

portable article to be read by an appropriate drive, various examples of which are described

above. In some embodiments, instructions stored on a computer-accessible medium separate

from computer system 1000 may be transmitted to computer system 1000 via transmission media

or signals such as electrical, electromagnetic, or digital signals, conveyed via a communication

medium such as a network or a wireless link. Various embodiments may further include

receiving, sending, or storing instructions or data implemented in accordance with the foregoing



description upon a computer-accessible medium. Accordingly, the present invention may be

practiced with other computer system configurations.

[0057] In block diagrams, illustrated components are depicted as discrete functional blocks,

but embodiments are not limited to systems in which the functionality described herein is

organized as illustrated. The functionality provided by each of the components may be provided

by software or hardware modules that are differently organized than is presently depicted, for

example such software or hardware may be intermingled, conjoined, replicated, broken up,

distributed (e.g. within a data center or geographically), or otherwise differently organized. The

functionality described herein may be provided by one or more processors of one or more

computers executing code stored on a tangible, non-transitory, machine readable medium. In

some cases, third party content delivery networks may host some or all of the information

conveyed over networks, in which case, to the extent information (e.g., content) is said to be

supplied or otherwise provided, the information may provided by sending instructions to retrieve

that information from a content delivery network.

[0058] The reader should appreciate that the present application describes several inventions.

Rather than separating those inventions into multiple isolated patent applications, applicants have

grouped these inventions into a single document because their related subject matter lends itself

to economies in the application process. But the distinct advantages and aspects of such

inventions should not be conflated. In some cases, embodiments address all of the deficiencies

noted herein, but it should be understood that the inventions are independently useful, and some

embodiments address only a subset of such problems or offer other, unmentioned benefits that

will be apparent to those of skill in the art reviewing the present disclosure. Due to costs

constraints, some inventions disclosed herein may not be presently claimed and may be claimed

in later filings, such as continuation applications or by amending the present claims. Similarly,

due to space constraints, neither the Abstract nor the Summary of the Invention sections of the

present document should be taken as containing a comprehensive listing of all such inventions or

all aspects of such inventions.

[0059] It should be understood that the description and the drawings are not intended to limit

the invention to the particular form disclosed, but to the contrary, the intention is to cover all



modifications, equivalents, and alternatives falling within the spirit and scope of the present

invention as defined by the appended claims. Further modifications and alternative embodiments

of various aspects of the invention will be apparent to those skilled in the art in view of this

description. Accordingly, this description and the drawings are to be construed as illustrative

only and are for the purpose of teaching those skilled in the art the general manner of carrying

out the invention. It is to be understood that the forms of the invention shown and described

herein are to be taken as examples of embodiments. Elements and materials may be substituted

for those illustrated and described herein, parts and processes may be reversed or omitted, and

certain features of the invention may be utilized independently, all as would be apparent to one

skilled in the art after having the benefit of this description of the invention. Changes may be

made in the elements described herein without departing from the spirit and scope of the

invention as described in the following claims. Headings used herein are for organizational

purposes only and are not meant to be used to limit the scope of the description.

[0060] As used throughout this application, the word "may" is used in a permissive sense

(i.e., meaning having the potential to), rather than the mandatory sense (i.e., meaning must). The

words "include", "including", and "includes" and the like mean including, but not limited to. As

used throughout this application, the singular forms "a," "an," and "the" include plural referents

unless the content explicitly indicates otherwise. Thus, for example, reference to "an element" or

"a element" includes a combination of two or more elements, notwithstanding use of other terms

and phrases for one or more elements, such as "one or more." The term "or" is, unless indicated

otherwise, non-exclusive, i.e., encompassing both "and" and "or." Terms describing conditional

relationships, e.g., "in response to X, Y," "upon X, Y,", "if X, Y," "when X, Y," and the like,

encompass causal relationships in which the antecedent is a necessary causal condition, the

antecedent is a sufficient causal condition, or the antecedent is a contributory causal condition of

the consequent, e.g., "state X occurs upon condition Y obtaining" is generic to "X occurs solely

upon Y " and "X occurs upon Y and Z." Such conditional relationships are not limited to

consequences that instantly follow the antecedent obtaining, as some consequences may be

delayed, and in conditional statements, antecedents are connected to their consequents, e.g., the

antecedent is relevant to the likelihood of the consequent occurring. Statements in which a

plurality of attributes or functions are mapped to a plurality of objects (e.g., one or more

processors performing steps A, B, C, and D) encompasses both all such attributes or functions



being mapped to all such objects and subsets of the attributes or functions being mapped to

subsets of the attributes or functions (e.g., both all processors each performing steps A-D, and a

case in which processor 1 performs step A, processor 2 performs step B and part of step C, and

processor 3 performs part of step C and step D), unless otherwise indicated. Further, unless

otherwise indicated, statements that one value or action is "based on" another condition or value

encompass both instances in which the condition or value is the sole factor and instances in

which the condition or value is one factor among a plurality of factors. Unless specifically stated

otherwise, as apparent from the discussion, it is appreciated that throughout this specification

discussions utilizing terms such as "processing," "computing," "calculating," "determining" or

the like refer to actions or processes of a specific apparatus, such as a special purpose computer

or a similar special purpose electronic processing/computing device.

[0061] The present techniques will be better understood with reference to the following

enumerated embodiments:

1. A method of cooling rack-mounted computing devices, the method comprising:

conducting a cooling fluid, at a first temperature and a first pressure, through an outer perimeter

of three or more racks, wherein the racks are arranged facing at least three different directions to

define an interior chamber disposed on an opposite side of the racks from the outer perimeter;

conducting the cooling fluid through the racks and in contact with heat-generating computing

components within the racks such that the temperature of the cooling fluid increases and heat is

removed from the computing components; and conducting the cooling fluid through the interior

chamber at a second temperature and a second pressure in a direction that is generally orthogonal

to the direction the cooling fluid flows when conducting the cooling fluid through the racks.

2 . The method of embodiment 1, wherein the interior chamber is upstream of the outer

perimeter, the first pressure is higher than the second pressure, and the first temperature is lower

than the second temperature.

3 . The method according to any of embodiments 1 and 2, wherein an exhaust vent is

located on a top side of the interior chamber, and wherein the cooling fluid is directed to exit the

interior chamber through the exhaust vent, the method comprising performing steps for spatially

modulating airflow restrictions.



4 . The method according to any of embodiments 1, 2 and 3, wherein the chamber

comprises a fan, one or more motors configured to individually drive the fan, the motors being

coupled to the fan via one or more clutches, and a controller, the method further comprising:

engaging a first clutch mechanically coupleable to a first motor to drive the fan; measuring a

rotational velocity of the fan; comparing the rotational velocity of the fan to a threshold

rotational velocity value; disabling the first clutch associated with the first motor responsive to

the rotational velocity satisfying the threshold; and engaging a second clutch mechanically

coupleable to a second motor to drive the fan.

5 . The method of embodiment 4, further comprising: disabling the second clutch

associated with the second motor responsive to the rotational velocity of the fan satisfying the

threshold; and engaging a third clutch mechanically coupleable to a third motor to drive the fan.

6 . The method according to any of embodiments 4 and 5, further comprising: disabling a

last clutch mechanically coupleable to a last motor responsive to the rotational velocity of the fan

satisfying the threshold; and engaging the first clutch associated with the first motor to drive the

fan.

7 . The method according to any of claims 4, 5, and 6, further comprising, estimating

airflow within the chamber and wherein the engaging and disabling operations are further based

on comparing the airflow to an airflow range.

8 . The method according to any of embodiments 1-7, wherein the three or more racks

comprise: a spatially modulated airflow restrictor configured to restrict airflow to or from the

interior chamber, wherein the airflow restrictor imposes less restriction on airflow entering the

interior chamber in a first portion of the interior chamber relative to airflow entering a second

portion of the interior chamber, the first portion being upstream of the second portion along an

airflow through the interior chamber.

9 . The method according to any of embodiments 1-8, wherein the three or more racks

comprise a first fan motor and a second fan motor configured to drive one or more fans in fluid

communication with the interior chamber, wherein the first fan motor and second fan motor are

hot swappable.



10. A cooling system for cooling a data center chamber, the cooling system comprising: a

fan; one or more motors configured to drive the fan, the motors being coupled to the fan via

respective clutches; and a controller configured to perform operations comprising: engage a first

clutch mechanically coupleable to a first motor to drive the fan; measure rotational velocity of

the fan; compare a rotational velocity of the fan to a range of rotational velocity values; disable

the first clutch associated with the first motor responsive to the rotational velocity being outside

of the range; and engage a second clutch mechanically coupleable to a second motor to drive the

fan.

11 . The system of embodiment 10, wherein the operations comprise: disable a last clutch,

mechanically coupleable to a last motor responsive to the rotational velocity of the fan being

outside of the range; and engage the first clutch associated with the first motor to drive the fan.

12. The system according to any of embodiments 10 and 11, further comprising: an

airflow sensor configured to output signals conveying information related to airflow within the

chamber, wherein the controller is further configured to calculate airflow within the chamber

based on the output signals, and wherein the engaging and disabling operations are further based

on comparing the airflow to a pre-determined airflow range.

13. The system according to any of embodiments 10, 11, and 12, wherein an exhaust vent

is located on a top side of the interior chamber, and wherein the cooling fluid is directed to exit

the interior chamber through the exhaust vent.

14. The system according to any of embodiments 10, 11, 12, and 13, wherein the chamber

comprises multiple computing devices and wherein the cooling system is configured to cool

components of the computing devices.

15. The system according to any of embodiments 10, 11, 12, 13, and 14, further

comprising one or more sensors configured to output signals conveying information related to

temperature, pressure, or humidity within the chamber.

16. The system according to any of embodiments 10-15, comprising a rack in fluid

communication with the fan and a plurality of computing devices disposed in the rack, wherein



the plurality of computing devices each store an operating system and an application to be

executed by the computing devices.



CLAIMS

What is claimed is:

1. A method of cooling rack-mounted computing devices, the method comprising:

conducting a cooling fluid, at a first temperature and a first pressure, through an outer

perimeter of three or more racks, wherein the racks are arranged facing at least three different

directions to define an interior chamber disposed on an opposite side of the racks from the outer

perimeter;

conducting the cooling fluid through the racks and in contact with heat-generating

computing components within the racks such that the temperature of the cooling fluid increases

and heat is removed from the computing components; and

conducting the cooling fluid through the interior chamber at a second temperature and a

second pressure in a direction that is generally orthogonal to the direction the cooling fluid flows

when conducting the cooling fluid through the racks.

2 . The method of claim 1, wherein the interior chamber is upstream of the outer perimeter,

the first pressure is higher than the second pressure, and the first temperature is lower than the

second temperature.

3 . The method according to any of claims 1 and 2, wherein an exhaust vent is located on a

top side of the interior chamber, and wherein the cooling fluid is directed to exit the interior

chamber through the exhaust vent, the method comprising performing steps for spatially

modulating airflow restrictions.

4 . The method according to any of claims 1, 2 and 3, wherein the chamber comprises a fan,

one or more motors configured to individually drive the fan, the motors being coupled to the fan

via one or more clutches, and a controller, the method further comprising:

engaging a first clutch mechanically coupleable to a first motor to drive the fan;

measuring a rotational velocity of the fan;

comparing the rotational velocity of the fan to a threshold rotational velocity value;



disabling the first clutch associated with the first motor responsive to the rotational

velocity satisfying the threshold; and

engaging a second clutch mechanically coupleable to a second motor to drive the fan.

5 . The method of claim 4, further comprising:

disabling the second clutch associated with the second motor responsive to the rotational

velocity of the fan satisfying the threshold; and

engaging a third clutch mechanically coupleable to a third motor to drive the fan.

6 . The method according to any of claims 4 and 5, further comprising:

disabling a last clutch mechanically coupleable to a last motor responsive to the rotational

velocity of the fan satisfying the threshold; and

engaging the first clutch associated with the first motor to drive the fan.

7 . The method according to any of claims 4, 5, and 6, further comprising, estimating airflow

within the chamber and wherein the engaging and disabling operations are further based on

comparing the airflow to an airflow range.

8 . The method according to any of claims 1-7, wherein the three or more racks comprise:

a spatially modulated airflow restrictor configured to restrict airflow to or from the

interior chamber, wherein the airflow restrictor imposes less restriction on airflow entering the

interior chamber in a first portion of the interior chamber relative to airflow entering a second

portion of the interior chamber, the first portion being upstream of the second portion along an

airflow through the interior chamber.

9 . The method according to any of claims 1-8, wherein the three or more racks comprise:

a first fan motor and a second fan motor configured to drive one or more fans in fluid

communication with the interior chamber, wherein the first fan motor and second fan motor are

hot swappable.



10. A cooling system for cooling a data center chamber, the cooling system comprising:

a fan;

one or more motors configured to drive the fan, the motors being coupled to the fan via

respective clutches; and

a controller configured to perform operations comprising:

engage a first clutch mechanically coupleable to a first motor to drive the fan;

measure rotational velocity of the fan;

compare a rotational velocity of the fan to a range of rotational velocity values;

disable the first clutch associated with the first motor responsive to the rotational

velocity being outside of the range; and

engage a second clutch mechanically coupleable to a second motor to drive the

fan.

11 . The system of claim 10, wherein the operations comprise:

disable a last clutch, mechanically coupleable to a last motor responsive to the rotational

velocity of the fan being outside of the range; and

engage the first clutch associated with the first motor to drive the fan.

12. The system according to any of claims 10 and 11, further comprising:

an airflow sensor configured to output signals conveying information related to airflow

within the chamber, wherein

the controller is further configured to calculate airflow within the chamber based on the

output signals, and wherein the engaging and disabling operations are further based on

comparing the airflow to a pre-determined airflow range.

13. The system according to any of claims 10, 11, and 12, wherein an exhaust vent is located

on a top side of the interior chamber, and wherein the cooling fluid is directed to exit the interior

chamber through the exhaust vent.



14. The system according to any of claims 10, 11, 12, and 13, wherein the chamber

comprises multiple computing devices and wherein the cooling system is configured to cool

components of the computing devices.

15. The system according to any of claims 10, 11, 12, 13, and 14, further comprising one or

more sensors configured to output signals conveying information related to temperature,

pressure, or humidity within the chamber.













INTERNATIONAL SEARCH REPORT International application No.
PCT/US2016/021521

A. CLASSIFICATION OF SUBJECT MATTER

H05K 7/20(2006.01 )i, G06F 1/20(2006.0 l )i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
H05K 7/20; F04B 49/10; H05K 5/02; H05K 5/00; G06F 1/20

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: server rack, cooling, temperature, pressure, cooling fluid, motor, fan, rotational velocity

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 8320125 Bl (WILLIAM HAMBURGEN et al.) 27 November 2012 1-3

See column 2 , lines 21-26, column 3 , lines 11-13, 50-52,

column 4 , lines 60-61, column 7 , lines, 51-64, column 10, lines 50-52,

column 17, lines 40-46, claims 6-7, and figures 1A-1C, 3B.

10-12

US 2012-0128507 Al (GE OLD SCHE IDLER) 24 May 2012 10-12

See paragraph [0008], claims 1-5, and figures 1 , 4 .

US 2014-0113539 Al (ROGER DICKINSON et a l.) 24 April 2014 1-3,10-12

See abstract, claims 1-5, and figure 5a.

US 2013-0133350 Al (R4 VENTURES, LLC) 30 May 2013 1-3,10-12

See claims 1-2, and figures 1-4.

US 2002-0098792 Al (MING-YANG HSIAO) 25 July 2002 1-3,10-12

See abstract, claims 1-8, and figures 5-9.

□ Further documents are listed in the continuation of Box C. See patent family annex.

Special categories of cited documents: "T" later document published after the international filing date or priority
document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

20 June 2016 (20.06.2016) 21 June 2016 (21.06.2016)

Name and mailing address of the ISA/KR Authorized officer . ¾
k International Application Division

Korean Intellectual Property Office ΚΓΜ, Sung Gon |
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8746

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2016/021521

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following

1. jClaims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2 . Claims Nos.: 5
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically :
Claim 5 was found unsearchable, because this claim refers to unsearchable multiple dependent claim, which is not drafted in
accordance with the third sentence of PCT Rule 6.4(a).

Claims Nos.: 4,6-9, 13-15
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

I IAs all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

I IAs all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

I IAs only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos. :

4 . I INo required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest | | The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

I IThe additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I INo protest accompanied the payment of additional search fees.

Form PCT ISA 10 (continuation of first sheet (2)) (January 20 1 )



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2016/021521

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 8320125 Bl 27/11/2012 US 2013-0107448 Al 02/05/2013
US 8988879 B2 24/03/2015

US 2012-0128507 Al 24/05/2012 DE 102010051962 Al 24/05/2012
EP 2456293 A2 23/05/2012
EP 2456293 A3 16/10/2013
JP 05474030 B2 16/04/2014
JP 2012-114437 A 14/06/2012
US 9060450 B2 16/06/2015

US 2014-0113539 Al 24/04/2014 US 9253928 B2 02/02/2016

US 2013-0133350 Al 30/05/2013 US 2015-0143834 Al 28/05/2015
US 8857204 B2 14/10/2014

US 2002-0098792 Al 25/07/2002 JP 2002-242895 A 28/08/2002
T 511731 U 21/11/2002
US 6565428 B2 20/05/2003

Form PCT/ISA/2 10 (patent family annex) (January 20 15)


	abstract
	description
	claims
	drawings
	wo-search-report

