
US 20080041077A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0041077 A1 

Tutunoglu (43) Pub. Date: Feb. 21, 2008 

(54) METHOD AND APPARATUS FOR COOLING (57) ABSTRACT 

(75) Inventor: Ozan Tutunoglu, O’Fallon, MO 
(Us) A cooling unit includes a ?rst module having a ?rst intake 

opening and a ?rst exhaust opening formed therein. At least 
Correspondence Address: one ?rst air moving device may be con?gured to draW air 
LOWRIE, LANDO & ANASTASI, LLP along a ?rst ?oW path from the ?rst intake opening to the 
ONE MAIN STREET, SUITE 1100 ?rst exhaust opening. A ?rst heat exchanger may be posi 
CAMBRIDGE, MA 02142 tioned in the ?rst ?oW path. The cooling unit may further 

_ _ _ include a second module having a second intake opening 

(73) Asslgnee: Amencall Power C0I_Wersl0n and a second exhaust opening. At least one second air 
Corporatlon’ West Kmgston’ RI moving device may be con?gured to draW air along a second 
(Us) How path from the second intake opening and direct air to 

the second exhaust o enin . A second heat exchan er ma 
(21) Appl' NO': 11/504’382 be positioned in the Second ?oW path. A conduit sygistem i3; 

- _ in ?uid communication With the ?rst heat exchan er and the 
(22) F?ed' Aug‘ 15’ 2006 second heat exchanger. The conduit system maygbe con?g 

Publication Classi?cation ured to deliver coolant from the ?rst heat exchanger of the 
?rst module to the second heat exchanger of the second 

(51) Int- Cl- module and from the second heat exchanger of the second 
F 25D 1 7/ 04 (2006-01) module to the ?rst heat exchanger of the ?rst module. 
F 25D 23/12 (2006-01) Methods of cooling a space With a cooling unit are further 

(52) US. Cl. ....................................... .. 62/186; 62/259.2 disclosed 

Reverse Acting Reverse Acting 

Supply Temp 
SupplyAAir Controller 
Setp°——>mt Set Point 

Process Variable 
Output 

Auto/Manual 

Evap Temp 
Setpoint EVOP Temp 

(38° |.-__56° F) Controller 
Set Point 

Process Variable HG.B.V 
Position 

Output _-——> 

Auto/Manual 



0 2 

US 2008/0041077 A1 

74 

\ \ 8\\\\ 2 8 W w 4%8ww 26 
1 

Patent Application Publication Feb. 21, 2008 Sheet 1 0f 16 



Patent Application Publication Feb. 21, 2008 Sheet 2 0f 16 US 2008/0041077 A1 

,/1 
/ 38 
I 

,3) 

.36 

40 

\I 
- _ I 

32 
64 \ / 

?" 44 

7/ 1 
fr‘ ‘:5 D . 

46 -r\ 112 
| = n 

48 In: , 
| la 60 62 
\_l-L g 50 Z 

V 
n I 52 / H 55 

E 

II— .30 54 ~ 

{In c, 
II 56 

35 

FIG. 2 



Patent Application Publication Feb. 21, 2008 Sheet 3 0f 16 

| 111% 0 

US 2008/0041077 A1 

/10 

22 \ 

/——18 



Patent Application Publication Feb. 21, 2008 Sheet 4 0f 16 US 2008/0041077 A1 

9/,’- 92 

FIG. 4 



Patent Application Publication Feb. 21, 2008 Sheet 5 0f 16 US 2008/0041077 A1 

/ // 

K4. 4 /. /. {6/ 

// 

28 

FIG. 5 



Patent Application Publication Feb. 21, 2008 Sheet 6 0f 16 US 2008/0041077 A1 



Patent Application Publication Feb. 21, 2008 Sheet 7 0f 16 US 2008/0041077 A1 

83 G»: 

S 

Lomcmm 232383 
mm 

m 6P. 

$00.62 L350 300 

Emygm ycwEmmocoz 9:25 

m2 

tom 62. 603 

N2 6:95:00 
NE 

#2 

.6005: 

Q \ #6332 
mm. 

E5 \AuEwE 

E5 9580 

/ 
we 



Patent Application Publication Feb. 21, 2008 Sheet 8 0f 16 US 2008/0041077 A1 

v2 
// 

262200 
2 ESEtE 

V 

f 

9 

N2 

/ 

j 

j 

\ a a, 
8 2?.525 N2 mcmcczm @ z a Q 

r U z u 

/v& 

EEBmbB 
QN~ b: 

B€2m\:o\ 

to L26". 

v: 



Patent Application Publication 

/ /14Q 
Un-powered 

Feb. 21, 2008 Sheet 9 0f 16 US 2008/0041077 A1 

Power On Power Off 

142 10 

Powered 

/144 
86 <—————\ I'_—_— ——"—_7 

(7) (3) 150 (1) (8) 
146 

(7) 
(7) Foil (5) Full 

(B) (6)‘ (D) 
i l 

152 148 F '| (6) (5) Full 

Timglout / \Timeout 
(c) (E) 

FIG. 9 



Patent Application Publication Feb. 21, 2008 Sheet 10 0f 16 US 2008/0041077 A1 

/ I 160 
Un-powered 

Power On Power Off 

162 

/10 
Powered 

164 

lnit 
(A) 

(1) 166 ,70 

Sync Ready 
(c) (2) (B) 

<3) ,68 (4) 

Post-Sync 
(D) 

FIG. 10 



Patent Application Publication Feb. 21, 2008 Sheet 11 0f 16 US 2008/0041077 A1 

AIIIII 8:68 

59.6 

>mOI 

mEoto> 339i acmom How 6:228 9:2. Qo>m 

2 
9:2. ao>m Q ommi owmv 269mm 9.:2. ao>u 

5&8 oEoto> wwoooi H201 Ham 

Tl 
3:95:00 95.? bqasm 

L2 23am 

mczo< 023mm 

QEB. .=< baasm 





Patent Application Publication Feb. 21, 2008 Sheet 13 0f 16 US 2008/0041077 A1 

Measure Coolant Suction and Discharge Pressures 200 

Calculate Absolute Pressures (PSIA) 2% 

Convert l-P Units to SI Units 204 

Calculate Evaporating and Condensing Temperatures 
' (°C) by Using Polynomial Function Obtained 206 

via Linear Regression 

ARI Standard 540, Polynomial Equation 208 

x=c1+ c2-(s)+ c3-D+c4-(s2)+c5- (s-o)+ C6‘ 
(D2) + c7- (53) + C8 . (0-82) + cs -(s-02) + 010 - (03) 

Where: 
C = Equation Coefficient, Represents Compressor Performance, 

Input Power etc, 
S = Suction Dew Point Temperature, [°C] 

D = Discharge Dew Point Temperature, [°C] 

Calculate Compressor Performance 210 

Calculate Compressor Power Input 272 

Calculate Thermal Heat Rejection 274 

Calculate Compressor Heat Loss lq. 

FIG. 74 



Patent Application Publication Feb. 21, 2008 Sheet 14 0f 16 US 2008/0041077 A1 

220 

Measure Return and Supply Air Temperatures 

222 

Calculate Average Return and 
Supply Air Temperatures 

224 

Calculate Temperature Difference Between Supply 
Air and Return Air Temperatures 

226 

Estimate Evaporator Coil Standard vAir 
Flow Rate at Given Speed (SCFM) 

228 

Calculate Mass Flow Rate 

230 

Calculate Sensible Cooling Capacity 

232 

Calculate Net Sensible Cooling Capacity 

FIG. 15 



Patent Application Publication Feb. 21, 2008 Sheet 15 0f 16 US 2008/0041077 A1 

Measure Return and Condenser Entering and 240 
Leaving Air Temperatures "' 

Calculate Temperature Difference Between Condenser 242 
Entering Air and Leaving Air Temperatures _ 

Estimate Condenser Coil Standard Air Flow Rate (SCFM) 244 

Calculate Mass Flow Rate 2_45__ 

Calculate Condenser Heat Rejection 248 

Calculate Compressor Power Input 2_52 

ARI Standard 540, Polynomial Equation £53 

x= 01+ c2-(s)+ 03-0 + c4-(s2) + cs- (S-D)'+ C6 
(02) + c7- (s3) + cs - (D-S2) + (:9 - ($02) + 010 - (03) 

Where: 
C = Equation Coefficient, Represents \Compressor Performance, 

Input Power etc, 
8 = Suction Dew Point Temperature, [°C] 

D = Discharge Dew Point Temperature, [°C] 

Calculate Compressor Cooling Output 254 

Calculate Unit's Net Cooling Capacity 256 

FIG. 76 



Patent Application Publication Feb. 21, 2008 Sheet 16 0f 16 US 2008/0041077 A1 

Measure Coolant Suction and Discharge Pressures 250 

262 
Calculate Absolute Refrigerant Suction and Discharge Pressures 

Convert l-P Units to SI Units 264 

Calculate Evaporating and Condensing Temperatures 266 

ARI Standard 540, Polynomial Equation 268 

x=.c1+ c2-(s)+ c3-o+c4-(s2)+ c5- (s-o)+ c6 
(D2) + c7~ ($3) + C8 - (0-32) + 09 - (s-o2) + m0 - (o3) ' 

Where: 
C = Equation Coefficient, Represents Compressor Performance, 

Input Power etc, 
S = Suction Dew Point Temperature, [°C] 

D = Discharge Dew Point Temperature, [°C] 

Calculate Compressor Refrigerant Mass Flow Rate 270 

Calculate Enthalpy of Refrigerant 272 

Calculate Total Cooling Capacity 274 

Calculate Net Cooling Capacity 275 

FIG. 77 



US 2008/0041077 A1 

METHOD AND APPARATUS FOR COOLING 

BACKGROUND OF INVENTION 

[0001] 1. Field of Invention 
[0002] Embodiments of the invention relate generally to 
devices and methods for cooling a room, such as a data 
center, equipment room or Wiring closet. Speci?cally, 
aspects of the present invention relate to data centers con 
taining racks and enclosures used to house data processing, 
networking and telecommunications equipment, and more 
particularly to cooling systems and methods used to cool 
equipment housed by such racks and enclosures. 
[0003] 2. Discussion of Related Art 
[0004] 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 serv 
ers 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 “nineteen inch” rack, as de?ned by the 
Electronics Industries Association’s EIA-3l0-D standard. 
[0005] Nineteen inch racks are used extensively in the data 
centers and other large facilities described above. 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 particu 
lar, computer servers and blades, the number of electrical 
devices mounted in each rack has been increasing, raising 
concerns about adequately cooling the equipment. 
[0006] Heat produced by rack-mounted equipment can 
have adverse effects on the performance, reliability and 
useful 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. 
[0007] 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 72° F.) and discharge 
cold air (at about 55° E), which is bloWn into the data center 
room and mixed With the room temperature air at or near the 
equipment racks. 
[0008] 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 
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is inef?cient. Ideally, to make the system as ef?cient 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 different con?gurations of racks and enclo 
sures. 

[0009] 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 
possible failure of the piping joints. Speci?cally, With tra 
ditional 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. For at least these reasons, most data center 
designers and operators are unWilling to consider overhead 
piping for cooling a data center. 

SUMMARY OF INVENTION 

[0010] One aspect of the invention is directed to a cooling 
unit comprising a ?rst module including a ?rst intake 
opening and a ?rst exhaust opening formed therein. At least 
one ?rst air moving device may be con?gured to draW air 
along a ?rst ?ow path from the ?rst intake opening to the 
?rst exhaust opening. A ?rst heat exchanger may be posi 
tioned in the ?rst ?oW path. The cooling unit may further 
comprise a second module including a second intake open 
ing and a second exhaust opening. At least one second air 
moving device may be con?gured to draW air along a second 
?oW path from the second intake opening and direct air to 
the second exhaust opening. A second heat exchanger may 
be positioned in the second ?oW path. A conduit system is 
in ?uid communication With the ?rst heat exchanger and the 
second heat exchanger. The conduit system may be con?g 
ured to deliver coolant from the ?rst heat exchanger of the 
?rst module to the second heat exchanger of the second 
module and from the second heat exchanger of the second 
module to the ?rst heat exchanger of the ?rst module. 
[0011] In one embodiment, the ?rst module and the second 
module may be contained Within a housing, With the ?rst 
module being positioned over the second module. The 
cooling unit may further comprise a tray to support the at 
least one ?rst air moving device of the ?rst module, With the 
tray being releasably secured to the housing. In a certain 
embodiment, the tray may be disposed on a generally 
horiZontal plane and supported by at least one support rail 
con?gured to secure the tray to the ?rst module. The 
arrangement is such that the at least one ?rst air moving 
device of the ?rst module includes a fan, and the tray is 
con?gured to receive at one fan. The cooling unit may be 
con?gured to comprise a control device coupled to the fan. 
In one embodiment, the fan is a variable speed fan, and the 
control device is con?gured to control the speed of the fan. 
The ?rst module may comprise a ?rst plenum disposed 
along a generally vertical axis in ?uid communication With 
the ?rst intake opening, and a second plenum disposed along 
a generally horiZontal axis and con?gured to direct air from 
the ?rst plenum to the tray. The ?rst module may further 
comprise a top having the ?rst intake opening and the ?rst 
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exhaust opening formed therein, a ?rst plenum disposed 
along a generally vertical axis in ?uid communication With 
the ?rst intake opening, and a second plenum disposed along 
a generally horiZontal axis and con?gured to direct air taken 
from the ?rst plenum to the at least one ?rst air moving 
device of the ?rst module. The second module may further 
comprise a ?rst side having the second intake opening and 
a second side, opposite the ?rst side, having the second 
exhaust opening. The arrangement is such that the ?rst ?oW 
path is along a generally horizontal axis. In another embodi 
ment, the ?rst heat exchanger of the ?rst module is disposed 
at an acute angle With respect to the ?oW of air from the 
second plenum to the ?rst exhaust opening of the ?rst 
module, and the second heat exchanger of the second 
module is disposed at an acute angle With respect to the ?oW 
of air from the ?rst side to the second side of the second 
module. The ?rst heat exchanger may comprise a condenser 
unit, and the second heat exchanger may comprise an 
evaporator unit. The cooling unit may be further con?gured 
to comprise a compressor to deliver coolant to the condenser 
unit and a bypass valve provided in the conduit system. The 
bypass valve may be con?gured to divert a portion of 
coolant from the compressor to the evaporator unit. In a 
certain embodiment, an expansion valve is disposed 
betWeen the condenser unit and the evaporator unit. 

[0012] Another aspect of the invention is directed to a 
cooling unit comprising a housing having a top With an 
intake opening and at least one exhaust opening formed 
therein. At least one air moving device may be con?gured to 
be coupled to the housing to draW air along a ?oW path from 
the intake opening to the at least one exhaust opening. A heat 
exchanger may be con?gured to be coupled to the housing 
betWeen the at least one air moving device and the at least 
one exhaust opening Within the ?oW path. A conduit system, 
in ?uid communication With the heat exchanger, may be 
con?gured to deliver coolant to the heat exchanger. Coolant 
?oWing through the heat exchanger may be adapted to be 
cooled by the heat exchanger. 
[0013] In a certain embodiment, a tray may be provided to 
support the at least one air moving device, the tray being 
releasably secured to the housing. The tray may be disposed 
on a generally horizontal plane by at least one support rail 
con?gured to releasably secure the tray to the housing. The 
at least one air moving device may include a fan and the tray 
may be con?gured to receive at least one fan. A control 
device may be coupled to the fan. In one embodiment, the 
fan is a variable speed fan and the control device is con?g 
ured to detect a speed of each fan. The housing may 
comprise a ?rst plenum disposed along a generally vertical 
axis in ?uid communication With the intake opening, and a 
second plenum disposed along a generally horiZontal axis 
and con?gured to direct air taken from the ?rst plenum to the 
tray, the ?rst and second plenums de?ning the ?oW path. Air 
that is directed by the at least one air moving device over the 
heat exchanger is heated. The heat exchanger may be 
disposed at an acute angle With respect to the ?oW of air to 
the at least one exhaust opening. 

[0014] A further aspect of the invention is directed to a 
method of cooling a space With a modular cooling unit. The 
method may comprise: draWing air into a ?rst module of the 
cooling unit; directing the air over a ?rst heat exchanger of 
the ?rst module of the cooling unit to cool coolant ?oWing 
through the ?rst heat exchanger; exhausting the air out of the 
?rst module of the cooling unit; directing the cooled coolant 
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from the ?rst heat exchanger to a second heat exchanger; 
draWing air into a second module of the cooling unit; 
directing the air over the second heat exchanger of the 
second module of the cooling unit to cool the air; and 
exhausting the cooled air out of the second module of the 
cooling unit. In one embodiment, the method may further 
comprise positioning the ?rst module on top of the second 
module. DraWing air into the ?rst module may include 
draWing air from a top of the ?rst module, and draWing air 
into the second module may include draWing air from a side 
of the second module. The method may further comprise 
directing coolant from the second heat exchanger to the ?rst 
heat exchanger and diverting a portion of coolant being 
directed from the second heat exchanger to the ?rst heat 
exchanger back to the second heat exchanger. 
[0015] In yet another embodiment, a cooling unit com 
prises a housing, a compressor coupled to the housing, a ?rst 
heat exchanger coupled to the housing, and at least one ?rst 
air moving device coupled to the housing and con?gured to 
direct air along a ?rst ?oW path. The ?rst heat exchanger 
may be located along the ?rst ?oW path. A second heat 
exchanger may be coupled to the housing. At least one 
second air moving device may be coupled to the housing and 
con?gured to direct air along a second ?oW path. The second 
heat exchanger is located along the second ?oW path. A 
conduit system may provide ?uid communication betWeen 
the compressor, the ?rst heat exchanger, the second heat 
exchanger, and the compressor. A bypass valve may be 
provided in the conduit system. The bypass valve may be 
con?gured to divert a portion of coolant from the compres 
sor to the second heat exchanger. In one embodiment, the 
?rst heat exchanger comprises a condenser unit and the 
second heat exchanger comprises an evaporator unit. 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] The accompanying draWings, are not intended to 
be draWn to scale. In the draWings, each identical or nearly 
identical component that is illustrated in various ?gures is 
represented by a like numeral. For purposes of clarity, not 
every component may be labeled in every draWing. In the 
draWings: 
[0017] FIG. 1 is a perspective vieW ofa cooling unit ofan 
embodiment of the present invention; 
[0018] FIG. 2 is a perspective vieW of components of the 
cooling unit shoWn in FIG. 1; 
[0019] FIG. 3 is a front elevational vieW of the cooling 
unit With a front panel of the cooling unit removed; 
[0020] FIG. 4 is a vieW similar to FIG. 3 illustrating a 
bottom air blocking panel removed; 
[0021] FIG. 5 is a perspective vieW of the cooling unit 
shoWn in FIG. 4 With a fan tray assembly partially removed 
from the cooling unit; 
[0022] FIG. 6 is a perspective vieW similar to FIG. 1 With 
side panels of the cooling unit removed; 
[0023] FIG. 7 is a system block diagram of the cooling 
unit of an embodiment of the invention; 
[0024] FIG. 8 is a system block diagram of the operational 
states and modes of the cooling unit; 
[0025] FIG. 9 is a system block diagram of the condensate 
state; 
[0026] FIG. 10 is a system block diagram of the hot gas 
bypass valve state; 
[0027] FIG. 11 is a system block diagram of the hot gas 
bypass valve control; 
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[0028] FIG. 12 is a system block diagram of the condenser 
fans speed control; 
[0029] FIG. 13 is a system block diagram of the evapo 
rator fans speed control; and 
[0030] FIGS. 14-17 are How charts showing the calcula 
tion of cooling capacity using equations of embodiments of 
the invention. 

DETAILED DESCRIPTION 

[0031] This invention is not limited in its application to the 
details of construction and the arrangement of components 
set forth in the folloWing description or illustrated in the 
draWings. The invention is capable of other embodiments 
and of being practiced or of being carried out in various 
Ways. Also, the phraseology and terminology used herein is 
for the purpose of description and should not be regarded as 
limiting. The use of “including,” “comprising,” or “having,” 
“containing”, “involving”, and variations thereof herein, is 
meant to encompass the items listed thereafter and equiva 
lents thereof as Well as additional items. 
[0032] At least one embodiment of the present invention is 
directed to a modular cooling system that is selectively 
con?gurable to cool electronic equipment housed Within 
equipment enclosures or racks of a data center. As used 
herein, “enclosures” and “racks” are used to describe appa 
ratus designed to support electronic equipment. Such a 
cooling system is capable of employing one or more cooling 
units on an as needed basis to provide localiZed cooling 
Within the data center. Speci?cally, multiple cooling units 
may be interspersed in a roW of equipment racks to more 
ef?ciently cool the data center. The circulation path of Warm 
air generated by the electronic equipment is greatly reduced, 
thereby nearly eliminating the mixing of hot and cold air 
Within the data center. 
[0033] Data centers are typically large rooms designed, in 
certain instances, to house hundreds of electronic equipment 
racks arranged in roWs Within the data center. The roWs of 
equipment racks are arranged in such a manner that there are 
cold aisles and hot aisles. The cold aisles provide access to 
the fronts of the enclosures Where the electronic equipment 
is typically accessed. The hot aisles provide access to the 
backs of the equipment racks. As requirements change, the 
number of equipment racks may be increased or decreased 
depending on the functional requirements of the data center. 
At least one embodiment of the cooling system is modular 
and scalable, and may take the form of a kit designed to meet 
these changing needs. Also, although relatively large data 
centers are discussed as an intended use for such a cooling 

system, as mentioned above, the system of the present 
invention is scalable and may be employed in smaller rooms 
on a smaller scale and for applications other than data center. 

[0034] In one embodiment, the cooling system may com 
prise a plurality of cooling units, each cooling unit having a 
housing adapted to support components of the cooling 
system. For example, the components of the cooling unit 
may include ?rst and second heat exchangers coupled to a 
conduit system con?gured to deliver coolant to the heat 
exchangers. Fans may be provided to move air across the 
heat exchangers. The cooling unit may be disposed Within a 
roW of equipment racks and con?gured to intake the hot air 
Within the data center from a hot aisle, for example, to cool 
the air to slightly beloW ambient temperature. This con?gu 
ration eliminates the inef?ciency of mixing hot air With the 
room temperature air to obtain a Warm air mixture. This 
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con?guration may also decrease the latent cooling provided 
by the data center’s air conditioning system thereby decreas 
ing the need for humidi?cation. 
[0035] In certain embodiments, the components of the 
cooling unit may be provided in kit form so that the person 
installing the cooling unit does not require specialiZed tools. 
The modular nature of the cooling unit alloWs the user to 
optimiZe the location of each cooling unit since each cooling 
unit includes the ability to sense and display the capacity of 
the system, the How rate, coolant and air inlet and outlet 
temperatures, and pressure differentials obtained from pres 
sure readings taken throughout the cooling unit. Thus, the 
cooling unit may be employed and redeployed for maximum 
ef?ciency and optimal use Within the data center. 
[0036] A typical data center includes a room designed to 
house a plurality of equipment racks. In one embodiment, 
each equipment rack may be constructed in accordance With 
the teachings disclosed in US. patent application Ser. No. 
10/990,927, entitled EQUIPMENT ENCLOSURE KIT 
AND ASSEMBLY METHOD, ?led on Nov. 17, 2004, 
Which is oWned by the assignee of the present invention and 
is incorporated herein by reference. Further, cabling 
betWeen the equipment racks may be implemented using 
cable distribution troughs contained on the roofs of the racks 
as disclosed in US. Pat. No. 6,967,283, Which is incorpo 
rated herein by reference and assigned to the assignee of the 
present invention. 
[0037] Speci?cally, the equipment rack includes a frame 
or housing adapted to support electronic components, such 
as data processing, netWorking and telecommunications 
equipment. The housing includes front, back, sides, bottom 
and top. The front of each equipment rack may include a 
front door so as to enable access into the interior of the 
equipment rack. A lock may be provided to prevent access 
into the interior of the equipment rack and the equipment 
housed by the rack. The sides of the equipment rack may 
include at least one panel con?gured to cover a side to 
enclose the interior region of the rack. The back of the 
equipment rack may also include at least one panel or a back 
door to provide access to the interior of the equipment rack 
from the back of the rack. In certain embodiments, the side 
and back panels, as Well as the front door and the rear door, 
may be fabricated from perforated sheet metal, for example, 
to alloW air to How into and out of the interior region of the 
equipment rack. OtherWise, the panels may be fabricated 
from solid material. 

[0038] The equipment racks are modular in construction 
and con?gured to be rolled into and out of position, e.g., 
Within a roW of the data center. Casters are secured to the 
bottom of each equipment rack to enable the rack to roll 
along the ?oor of the data center. Once positioned, leveling 
feet may be deployed to securely ground the equipment rack 
in place Within the roW. An example of casters and leveling 
feet employed on such an equipment rack is disclosed in 
detail in US. patent application Ser. No. 10/990,927. 
[0039] Once in position, electronic equipment may be 
positioned in the interior region of the equipment rack. For 
example, the equipment may be placed on shelving secured 
Within the interior region of the equipment rack. Cables 
providing electrical and data communication may be pro 
vided through the top of the equipment rack either through 
a cover (or “roof’ as described in US. Pat. No. 6,967,283) 
at the top of the equipment rack having openings formed 
therein or through an open top of the equipment rack. In this 


























