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isolate the cold aisle from the hot aisle and to direct cooling capability to-the inside

of the computer cabinets. Alternatively, rather than fully enclose the comput

server cabinets, a partition wall such as a plastic or vinyl screen may be pfaced
between cabinets to facilitate air flow through each cabinet.

Fire suppression systems in these closed-loop cooling systepfs often utilize
clean agents in place of water based sprinkler systems to prey€nt damage to the
electronic components. These clean agents are common}# liquefied gasses that
also act as refrigerants when discharged thereby cregffing a cooling effect on the
environment within the data center. Upon dischafge, a total flooding concept is
followed that typically seeks to obtain a unjform distribution of the clean agent
throughout the entire environment of thg/room where the computer cabinets are
located. However, due to the possibAity of human-exposure, standards have been
developed to eStai)lish acceptablé concentration levels of clean agent that provide
extinguishing capability be)éw a maximum human exposure level. Obtaining a
uniform distribution leyel within the acceptable standards is difficult due to the
enclosures and parftions used to separate the hot and cold aisles. For example, a
partition may i#hibit the distribution of the clean agent throughout the environment

or the natyfal flow of air caused by the cooling system itself may impede the clean

om entering a cabinet in'sufficient quantity to suppress a fire condition.

SUMMARY OF THE INVENTION
Methods and apparatus for hot aisle/cold aisle data center fire suppression

according to various aspects of the present invention comprise a detection system
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that is configured to be located proximate to a:side of a computer cabinet facing a
hot aisle and a discharge system that is configured to be located within a subfl6or
having a cooling airflow that is directed upwards from the subfloor through one or
more vents in the subfloor and into a cold aisle. The detection sygfem may be
configured to detect a fire condition such as smoke exiting th€ cabinet and in
response generate a signal that activates the discharge sysfem. The discharge
system m@ be configured to inject a fire suppressantAnto the cooling airflow,
whereby the cooling airflow may facilitate delivery gt the fire suppressant into the

cold aisle and the computer cabinet.

BRIEF DESCRIPTIQN OF THE DRAWTNGS A
A more complete understanding.of the present invention may be derived by‘
referring to the detailed desgfiption when considered in connection with the
following illustrative figyfes. In the following figures, like reference numbers
refer to similar elemepfs and steps throughout the figures.

Figure 1 p€presentatively illustrates a hot aisle/cold aisle fire suppression

mbodiment of the present invention;
Figure 3 representatively illustrates a multi-zone fire suppression system in

accordance with an exemplary embodiment of the present invention;
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Figure 4 representatively illustrates a ‘multi-zone: fire sgppres;ibn system
with individual delivery systems for each zone in accordance with an exempla
embodiment of the present invention; and

Figure S is a block diagram of a hot aisle/cold aisle ﬁre suppressi

in accordance with an exemplary embodiment of the present inventi

DETAILED DESCRIPTION OF EXEMPLARY/AEMBODIMENTS
The present invention may be described in #£rms of functional block
components and various processing steps. Such fyActional blocks may be realized
by any number of components configured to gerform the specified functions and
achieve the various results. For exampfe, the present invention may employ
various types of sensors, dispersant/£quipment, ducting, storage -equipment for
various types of fire suppressiop/materials, and the like, which may carry out a
variety of functions. In gddition, the present invention may be practiced in
conjunction with any nyfnber of processes such as fire detection and suppression,

hazard condition dgtection and control, ambient air temperature control, and total

room flooding And the system described is merely one exemplary application for

concentrations of particulates in air within an enclosed environment.
Methods and apparatus for hot aisle/cold aisle data center fire suppression

according to various aspects of the present invention may operate in conjunction
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with any suitable firé detection. system and/or fire Suppression material or agent.
Various representative implementations of the present invention may be applied'to
any system for sensing and/or suppressing hazardous conditions.

Referring now to Figures 1 and 2, in one embodiment, pethods and
apparatus for a hot aisle/cold aisle data center fire suppression £ystem 100 may
comprise a detection system 116 configured to generate a getection signal upon
detection of a fire condition and a discharge system 1)4 configured to release a
fire suppressant material into a cooling airflow 106/ The fire suppression system
100 may further comprise a control system 202 communicatively linked to the
detection system 116 and the discharge sysy¢m 114,

Referring now to Figure 1, the ffre suppression system 100 may be adapted
to suppress a fire condition that g€curs within a. computer cabinet 102 disposed
within an enclosed environmedt 120 utilizing a hot aisle/cold aisle cooling system.
The hot aisle/cold aisle/Cooling system may utilize an air handling unit 104
configured to receiyé a hot air flow 108 from the enclosed environment 120,
remove heat fropf the hot air flow 108 to form a cooling airflow 106, and direct the
cooling airfJow 106 into a subfloor 122 located under the enclosed environment
120. e cooling airflow 106 may be routed through the subfloor 122 by any
suigdble method and may enter the enclosed environment 120 through a vent 110
connecting the subfloor 122 to the enclosed environment 120. The cooling airflow
106 may be directed to one side of the computer cabinet 102 to form a cold aisle.
The cooling airflow 106 may then bé drawn thr(.)ugh an intake side 124 of the

computer cabinet 102 by any suitable method to provide cooling to components
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isolate the cold aisle from the hot aisle and to direct cooling capability to the inside of
the computer cabinets. Alternatively, rather than fully enclose the computer server
cabinets, a partition wall such as a plastic or vinyl screen may be placed between

cabinets to facilitate air flow through each cabinet.

Fire suppression systems in these closed-loop cooling systems often utilize
clean agents in place of water based sprinkler systems to prevent damage to the
electronic components. These clean agents are commonly liquefied gasses that also
act as refrigerants when discharged thereby creating a cooling effect on the
environment within the data center. Upon discharge, a total flooding concept is
followed that typically seeks to obtain a uniform distribution of the clean agent
throughout the entire environment of the room where the computer cabinets are
located. However, due to the possibility of human exposure, standards have been
developed to establish acceptable concentration levels of clean agent that provide
extinguishing capability below a maximum human exposure level. Obtaining a
uniform distribution level within the acceptable standards is difficult due to the
enclosures and partitions used to separate the hot and cold aisles. For example, a
partition may inhibit the distribution of the clean agent throughout the environment or
the natural flow of air caused by the cooling system itself may impede the clean agent

from entering a cabinet in sufficient quantity to suppress a fire condition.

SUMMARY OF THE INVENTION
The invention is defined in the independent claims. Some optional features of the

invention are defined in the dependent claims.

Methods and apparatus for hot aisle/cold aisle data center fire suppression are

disclosed which comprise a detection system
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that is configured to be located proximate to a side of a computer cabinet facing a hot
aisle and a discharge system that is configured to be located within a subfloor having
a cooling airflow that is directed upwards from the subfloor through one or more
vents in the subfloor and into a cold aisle. The detection system may be configured to
detect a fire condition such as smoke exiting the cabinet and in response generate a
signal that activates the discharge system. The discharge system may be configured
to inject a fire suppressant into the cooling airflow, whereby the cooling airflow may

facilitate delivery of the fire suppressant into the cold aisle and the computer cabinet.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention may be derived by
referring to the detailed description when considered in connection with the following
illustrative figures. In the following figures, like reference numbers refer to similar
elements and steps throughout the figures.

Figure 1 representatively illustrates a hot aisle/cold aisle fire suppression
system in accordance with an exemplary embodiment;

Figure 2 representatively illustrates a control system coupled to the hot
aisle/cold aisle fire suppression system in accordance with an exemplary
embodiment;

Figure 3 representatively illustrates a multi-zone fire suppression system in

accordance with an exemplary embodiment;
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Figure 4 representatively illustrates a multi-zone fire suppression system with
individual delivery systems for each zone in accordance with an exemplary
embodiment; and

Figure 5 is a block diagram of a hot aisle/cold aisle fire suppression system in

accordance with an exemplary embodiment.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The present invention may be described in terms of functional block
components and various processing steps. Such functional blocks may be realized by
any number of components configured to perform the specified functions and achieve
the various results. For example, the present invention may employ various types of
sensors, dispersant equipment, ducting, storage equipment for various types of fire
suppression materials, and the like, which may carry out a variety of functions. In
addition, the present invention may be practiced in conjunction with any number of
processes such as fire detection and suppression, hazard condition detection and
control, ambient air temperature control, and total room flooding, and the system
described is merely one exemplary application for the invention. Further, the present
invention may employ any number of conventional techniques or control systems for
dispersing fire suppressants, circulating air, detecting potential fire and/or hazardous
conditions, and/or sensing concentrations of particulates in air within an enclosed
environment.

Methods and apparatus for hot aisle/cold aisle data center fire suppression as

disclosed herein may operate in conjunction
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with any suitable fire detection system and/or fire suppression material or agent.
Various representative implementations may be applied to any system for sensing

and/or suppressing hazardous conditions.

Referring now to Figures 1 and 2, in one embodiment, methods and apparatus
for a hot aisle/cold aisle data center fire suppression system 100 may comprise a
detection system 116 configured to generate a detection signal upon detection of a
fire condition and a discharge system 114 configured to release a fire suppressant
material into a cooling airflow 106. The fire suppression system 100 may further
comprise a control system 202 communicatively linked to the detection system 116
and the discharge system 114.

Referring now to Figure 1, the fire suppression system 100 may be adapted to
suppress a fire condition that occurs within a computer cabinet 102 disposed within
an enclosed environment 120 utilizing a hot aisle/cold aisle cooling system. The hot
aisle/cold aisle cooling system may utilize an air handling unit 104 configured to
receive a hot air flow 108 from the enclosed environment 120, remove heat from the
hot air flow 108 to form a cooling airflow 106, and direct the cooling airflow 106 into
a subfloor 122 located under the enclosed environment 120. The cooling airflow 106
may be routed through the subfloor 122 by any suitable method and may enter the
enclosed environment 120 through a vent 110 connecting the subfloor 122 to the
enclosed environment 120. The cooling airflow 106 may be directed to one side of
the computer cabinet 102 to form a cold aisle. The cooling airflow 106 may then be
drawn through an intake side 124 of the computer cabinet 102 by any suitable method

to provide cooling to components



