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A system for cooling a data center includes a plurality of 
cooling racks; With each cooling rack including a housing and 
cooling system components supported by the housing. The 
system further includes a ?uid communication system 
coupled to the cooling system components of the plurality of 
racks. The ?uid communication system is con?gured to pro 
Vide chilled coolant to and exhaust heated coolant from cool 
ant system components of each cooling rack. The system also 
includes at least one controller coupled to each cooling rack 
of the plurality of cooling racks to control the operation of 
each cooling rack. The plurality of cooling racks and the ?uid 
communication system are con?gured to be modular to alloW 
placement of cooling racks in different locations in a roW of 
equipment racks Within the data center. Methods of cooling a 
data center are further disclosed. 
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FIG. 1B 
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COOLING SYSTEM AND METHOD 

RELATED APPLICATION 

[0001] This application is a continuation of pending US. 
patent application Ser. No. 11/335,856, ?led Jan. 19, 2006, 
entitled COOLING SYSTEM AND METHOD, Which is 
incorporated herein by reference in its entirety for all pur 
poses. 

BACKGROUND OF INVENTION 

[0002] 1. Field of Invention 
[0003] Aspects of the present invention relate to data cen 
ters containing racks and enclosures used to house data pro 
cessing, networking and telecommunications equipment, and 
more particularly to cooling systems and methods used to 
cool equipment housed by such racks and enclosures. 
[0004] 2. Discussion of RelatedArt 
[0005] Equipment enclosures or racks for housing elec 
tronic equipment, such as data processing, netWorking and 
telecommunications equipment have been used for many 
years. Such racks are used to contain and to arrange the 
equipment in small Wiring closets as Well as equipment rooms 
and large data centers. In certain embodiments, an equipment 
rack can be an open con?guration and can be housed Within a 
rack enclosure, although the enclosure may be included When 
referring to a rack. 
[0006] Over the years, a number of different standards have 
been developed to enable equipment manufacturers to design 
rack mountable equipment that can be mounted in standard 
racks manufactured by different manufacturers. A standard 
rack typically includes front mounting rails to Which multiple 
units of electronic equipment, such as servers and CPUs, are 
mounted and stacked vertically Within the rack. An exemplary 
industry standard rack is approximately six to six-and-a-half 
feet high, by about tWenty-four inches Wide, and about forty 
inches deep. Such a rack is commonly referred to as a “nine 
teen inch” rack, as de?ned by the Electronics Industries Asso 
ciation’s EIA-310-D standard. 
[0007] Nineteen inch racks are used extensively in data 
centers and other large facilities. With the proliferation of the 
Internet, it is not uncommon for a data center to contain 
hundreds of these racks. Further, With the ever decreasing siZe 
of computer equipment, and in particular, computer servers 
and blades, the number of electrical devices mounted in each 
rack has been increasing, raising concerns about adequately 
cooling the equipment. 
[0008] Heat produced by rack-mounted equipment can 
have adverse effects on the performance, reliability and use 
ful life of the equipment components. In particular, rack 
mounted equipment, housed Within an enclosure, may be 
vulnerable to heat build-up and hot spots produced Within the 
con?nes of the enclosure during operation. The amount of 
heat generated by a rack of equipment is dependent on the 
amount of electrical poWer draWn by equipment in the rack 
during operation. In addition, users of electronic equipment 
may add, remove, and rearrange rack-mounted components 
as their needs change and neW needs develop. 
[0009] Previously, in certain con?gurations, data centers 
have been cooled by computer room air conditioner 
(“CRAC”) units that are typically hard piped, immobile units 
positioned around the periphery of the data center room. 
These CRAC units intake air from the fronts of the units and 
output cooler air upWardly toWard the ceiling of the data 
center room. In other embodiments, the CRAC units intake 
air from near the ceiling of the data center room and discharge 
cooler air under a raised ?oor for delivery to the fronts of the 
equipment racks. In general, such CRAC units intake room 
temperature air (at about 720 F.) and discharge cold air (at 
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about 55° E), which is bloWn into the data center room and 
mixed With the room temperature air at or near the equipment 
racks. 
[0010] The rack-mounted equipment typically cools itself 
by draWing air along a front side or air inlet side of a rack, 
draWing the air through its components, and subsequently 
exhausting the air from a rear or vent side of the rack. A 
disadvantage of the CRAC-type air conditioning system is 
that cool air is mixed With the room temperature air, Which is 
ine?icient. Ideally, to make the system as e?icient as possible, 
and to utiliZe as little energy and ?oor space as possible, the 
highest possible temperature air should be draWn into the 
CRAC units and the outlet air generated by the CRAC should 
be a feW degrees beloW room temperature. In addition, air?oW 
requirements can vary considerably as a result of different 
numbers and types of rack-mounted components and differ 
ent con?gurations of racks and enclosures. 
[0011] For large data centers requiring CRAC units at or 
near the middle or center of the data center room, delivery of 
coolant to the CRAC units must be located Within the raised 
?oor since it is undesirable to secure coolant piping to the 
ceiling of the data center due to risks involved With the pos 
sible failure of the piping joints. Speci?cally, With traditional 
CRAC systems, the piping of the units requires signi?cant 
cutting and hand soldering of pipes. Leaks are common and 
leaking Water or coolant in a data center may result in risk of 
damage to equipment housed Within the equipment racks. In 
addition, the potential of earthquakes may shake the pipes and 
cause the joints to fail. For at least these reasons, most data 
center designers and operators are unWilling to consider over 
head piping for cooling a data center. 

SUMMARY OF INVENTION 

[0012] A ?rst aspect of the invention is directed to a system 
for cooling a data center having a volume of space designed to 
house a plurality of electronic equipment racks, With each 
equipment rack being adapted to support at least one piece of 
electronic equipment and having an industry-standard Width. 
The system comprises at least one cooling rack comprising a 
housing having a Width approximately one-half the Width of 
each of the plurality of equipment racks. The system further 
includes cooling system components supported by the hous 
mg. 
[0013] Embodiments of the system may further comprise a 
distribution box adapted to deliver chilled coolant to the at 
least one cooling rack and to receive heated coolant from the 
at least one cooling rack. The system may further comprise 
comprising a ?uid communication system adapted to connect 
the at least one cooling rack to the distribution box. In one 
embodiment, the ?uid communication system comprises 
?exible tubing and support members to support the ?exible 
tubing. The ?exible tubing includes at least one length of 
?exible tubing having a ?rst coupling adapted to mate With 
the at least one cooling rack and a second coupling adapted to 
mate With the distribution box. The system may further 
include a controller to control operation of the at least one 
cooling rack and the distribution box. The cooling system 
components may comprise a heat exchanger housed Within 
the housing of the at least one cooling rack, With the at least 
one cooling rack being con?gured to draW Warm air over the 
heat exchanger to cool the Warm air. A control valve may be 
operably coupled to the controller to control ?oW of coolant to 
the at least one cooling rack. In addition, a monitor may be 
operably coupled to the controller to measure environmental 
conditions of the volume of space. The arrangement is such 
that the controller is con?gured to control the operation of the 
cooling system components based on the environmental con 
ditions of the volume of space. In one embodiment, the con 


























