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What is Chaos Cooling?

« What does Webster tell us ...

 Chaos n. 1. A dynamic system that is
extremely sensitive to its initial
conditions. 2. A state of extreme
confusion and disorder.

* Cooling adj. 1. The process of becoming
cooler; a falling temperature. 2. Cooling
system: a mechanism for keeping
something cool.

« What does Eaton mean ...

» Chaos Cooling - A confused airflow
system that creates disorder in an
attempt to provide a means to remove
heat from a rack, row or room
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What's causes It?
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Cooling designs that employ an open supply and
return air methodology that drives mixing of both
supply and return air streams

Misalignment of cooling units and IT racks

Localized inabllity to reject heat due to unbalanced
head loads on cooling units

Excessive distance between cooling units and heat
loads

Excessive cables in the way of air flow

Legacy cooling infrastructure that can’t react to
dynamic heat loads

Lack of airflow management to accommodate side to
side heat rejection devices

Oversupply of cold air
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The “Four Temps”: Do you have chaos
cooling?

o Supply Path AT
uT4-uT1= Supply losses and
entitlement for cooling performance gain

* ReturnPath T

UT3-uT2= Return losses and entitlement for
efficiency gain
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How Does Chaos Cooling Manifest Itself,
and what are the consequences of It?

e Recirculation of air from IT equipment exhaust
finds its way to IT inlet and can reduce server
performance and even cause servers to stop
working

« Air stratification s the layering of different
temperature air masses and forces set points of
precision cooling equipment to be lower than
recommended

e Bypass Air is the remixing of cool supply air that
directly enters the return air stream and drives
down precision cooling efficiencies
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Recirculation

e Hot air exhaust circulating
back into its own intake e
can cause device thermal -
overload.

e Typical manufacturer inlet
temperature threshold for
device operations is 95°F.

« Exceeding manufacturers’
operating device threshold
can lead to unplanned
computing system
outages and data loss.
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Temperature Stratification

« Significant gradient of air
temperatures beyond ASHRAE
TC9.9 places devices at risk of
thermal overload

e Maintaining inlet temperature
gradients within the ASHRAE
recommended range
significantly saves energy

Manufacturer

ASHRAE TC9.9 Specification

Device Inlet
Temperature

Range (64.4 - 80.6)°F (50 - 95)°F
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Bypass Air: Wasted Cold Air

« Jet stream of high-
velocity air has enough
momentum to completely
bypass the front of the IT
rack which creates
bypass airflow

* Open spaces in the racks
cause air to miss the
Inlets of the equipment,
resulting in wasted cold
air
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Conclusion

« Over 60% of cooling energy is wasted in the form of bypass
air
* Re-circulated air from IT equipment exhaust can reduce

server performance and even cause servers to stop
working

 Air stratification forces set points of precision cooling
equipment to be lower than recommended

« Air remixing drives down precision cooling efficiencies

« Airflow is chaotic and unpredictable, thereby causing
customers to implement supplemental cooling solutions in
an attempt to solve short term issues

* Most data centers produce significantly more cold air then
IS required by the IT devices
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Why conquer it?
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Why Conquer 1t?

« Take advantage of unused capacity

* Reduce risk of equipment failure, and the
consequences of it, due to unpredictable heat loads?

* Help keep data center operating costs as low as
possible while maintaining recommended operating
conditions.

* Reduce the potential need to spend extra money on
supplemental cooling solutions, and the white space
that they take up.

« Take advantage of financial rebates offered to data
centers that deliver significant energy savings.
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Audatex’s Issues with
Chaos Cooling
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The Issues we faced

* Division of ADP sold, moved to new facility very
quickly.

* No internal data center expertise resulted in several
design flaws.

* Placement of air handlers and under floor airflow.

« Placement of PDUs restricts many options in the
room.

e Hot aisle’s too wide.

e CRAC vs. ACU and how lack of in house software
knowledge cost us $50,000

* Unpredictable airflow due to lack of airflow
management



Audatex’s Data Center
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So what did we do?



We started with good Rack
Hygiene



We Installed horizontal blanking panels to
reduce remixing and bypass airflow
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Blanking Panel Solutions

e Blanking panels provide a quick,
easy and cost-effective solution
to optimize air circulation within
an enclosure while maintaining
high aesthetics

« Various styles available including
tool-less, mechanically fastened,
clear, cable pass-through, plastic
and adjustable

« Blanking panel installation
service can save time and money
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We blocked holes In the floor to reduce
wasted air

« Raised Floor Grommets
optimize the effectiveness
of existing cooling
equipment and manage
Increasing heat loads

* Eliminates up to 98%
bypass airflow

 Increases static pressure
and airflow through
perforated floor tiles and
grates
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We addressed cable Issues

 We improved the management of our cables in the
rear of each server enclosure to help with airflow. We
used a series of vertical and horizontal cable
managers and buckle Velcro Straps.
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We addressed cable issues — (cont.)

« We also aligned our in-rack PDUs with the power
INputs on our servers, so cables weren’t crossing
over to the other side.

Old Way New Way
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We began installing new High Flow Doors

* High Flow Doors
offer exceptional
airflow with 75%
perforation —a 12%
Increase over
standard

* Unique perforation
pattern results in a
reduction of raw
material
consumption by
over 60% - a
‘green’ benefit’



What did we do
beyond the rack?



We moved cabling overhead to increase
airflow under floor
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We located perforated tiles in cold
aisle only
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We Installed CRAC Collars

e CRAC
Collars
helped draw
heat Into the
alr handler for
more efficient
alrflow.
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We Explored Containment
Solutions



What kind of containment
solution was right?



Two Types of Containment

 Rack-based Heat Containment (HCS)
* Integrated into new racks (passive or with fans)
« Add-on to existing racks (passive or with fans)

 Aisle Based Containment

« Solid Containment - doors, walls, ceilings, and
blanking plates

« Soft Containment-Vinyl Curtains
« A variety of site-based constraints and

consumer preferences can drive the best
selection
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Rack-based Heat Containment



What Is Rack-based Heat Containment

Stage 1- A Chimney structure that
mounts directly to a top rear of IT
Rack allows hot air to rise directly to
high stratification layers

Stage 2 - Connects the exhaust air
directly back to the Return Air path
of typical air conditioning systems

Can be passive or may be an active
configuration with implementation of
fans in the chimney

Active control of fans based on
temperature or pressure
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What is Rack-based Heat Containment?

 Hot air from the back of the enclosure is exhausted into the
ceiling plenum which prevents mixing with the cold air

* “Return” of the CRAC draws the hot air from ceiling plenum and
cools the air

e Cold air is then blown under the raised floor and delivered to the
front of the enclosure via the perforated tiles

/ \CRAC

HCS Chimneys
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Why Implement Rack Based Heat
Containment?

« Scalability — Adapts to existing
Infrastructures to increase rack utilization
as your capacity demands grow

* Predictability — Separates hot exhaust air
and cold supply air; dramatically
Increasing the reliability of the data center

« Efficiency - Allows hotter air to return
directly to the CRACS, increasing their
efficiency by operating at a higher delta T

* Reliability — Extends existing cooling
capacity throughout the data center

* Flexibility — Does not require you to alter
existing enclosure locations and is also
field-installable on third-party enclosures

© 2010 Eaton Corporation. All rights reserved

33



Additional Benefits of Rack Based HCS

Adds reliablility as inlet temperatures are
consistent and predictable

Adds efficiency as removing heat from the room at
the source allows for numerous cost cutting

options (I.e. more hours on outside economizers,
etc.)

Adds redundancy as the electrical loads shed
from the overall plant; (i.e. shutting down CRAC
units, etc. allow for systems to be on standby)

Rack based approach means no need to
purchase anything more than what is needed on
an enclosure by enclosure basis.
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Additional Benefits of Rack Based HCS
(cont.)

e QOperating environment is improved by removing
much of the noise from the server and hardware
fans, as they are now contained behind a solid
door vs. a perforated rear door

 No more hot spots and no more hot aisles for
personnel to have to work in for hours at a time as
all heat is contained and rejected at the rack level

e Better performing environments lead to better
performing employees; increased reliability with
the human factor in addition to the physical
hardware



ROI of Rack Based Heat Containment
System (HCS)

e In one year, the estimated
savings in cooling costs can
cover the HCS purchase price.*

e Each additional year reduces
the customers cooling costs by
30%

* Eliminates hot spots from the
Data Center

e Cool 20 kW or more per rack

*Based on CFD Modeling and case studies
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Heat Containment System (HCS)
Installation

 When used on
each enclosure,
HCS Is the only
containment
solution where
the entire Data
Center Is cool
(even hot aisle)
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Heat Containment System (HCS)
Installation
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Heat Containment System (HCS)
Installation
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Rack-based Heat Containment Challenges

e Stage 2 requires return plenum system,
typically a dropped ceiling

 Row perpendicular wire trays need to be In the
main aisle of the data center
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Aisle-based Containment



What is Aisle Based Containment?

o Stage | — Partial Containment:

* Typically configured with a set of End of Row
Doors, Side walls, Vertical blanks, and the

Installation of Horizontal Blanking Panels in all open
IT U space on the front rails of all the enclosures

e Stage 2 — Total Containment:

 Incorporates an Aisle Celling structure, or vertical

walls which span the aisle on both sides and at the
ends
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Aisle Based Containment
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Why Implement Aisle Based Containment?

* Predictability — Separates hot exhaust air and
cold supply air; dramatically increasing the
reliability of the data center

e Efficliency — Allows hotter air to return directly
to the CRACS, increasing their efficiency by
operating at a higher delta T

* Reliability — Extends existing cooling capacity
throughout the data center

© 2010 Eaton Corporation. All rights reserved
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Cold Aisle Containment

* End of row wall
and door system

e Allows for
containment of /
supply air where

heat containment
IS not an option.
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Cold Aisle Delivers Performance and
Efficiency
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Aisle Based Containment Challenges

 The temperature In the aisle or outside the
aisle may become too hot or to cold for optimal
employee productivity

 The local Authority Having Jurisdiction (AHJ)
may Interpret total containment as a “room
within a room” which may present additional
challenges:
* Fire Detection and Fire Suppression Systems

 Aisle too large or layout prohibits containment
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Challenge for us with Hot Aisle
Containment
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So what did we implement?



Cold Aisle Partial Containment with End of
Row Doors
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What were the results?



Results

« Blanking panels allowed for us to dial up our air
handler set points increasing their efficiency while still
delivering cold air to the rows.

* End of row doors in combination with blanking panels
allowed us to replace 50% of the perforated tiles in the
row with solids increasing air pressure while the
temperature and air flow available in front of each
cabinet was not impacted.

* Under floor air baffles have allowed us to stop
turbulent air and conflicting air handlers to further
Increase the pressure and delivering of air where it is
most needed.
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What are we doing next?



We are implementing a Fire Activated
Ceilling for Full Containment
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We are installing air seal kits to reduce air
leakage In cold aisle

* Universal Air Seal
Kit stops the cold
air from escaping
through small
openings in the
doors, sides,
bottom or top of
an enclosure
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We are changing our cabling disciplines

 We are in the process of setting standards for
cabling, and assigning deployment of equipment
to a single core team within the Data Center.
Why? Take a look below.
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We are changing our wiring infrastructure

 We are in the process of
deploying Cisco’s Nexus
Network switches which will
remove the need for patch
paneling in the room. 4,000
cables that range from 25’ to
50" will be removed from the
over head cable trays and one
entire row will be replaced by 2
cabinets of network gear and a
core edge implementation.
Reviewing a similar
architecture for the SAN as
well.



What do we recommend for you?

« Evaluate your datacenter for signs of Chaos
Cooling

« Establish a plan of action for conquering your
Chaos Cooling

e Consider a CFD Model or Cooling Assessment of
your Datacenter

 Consider a Containment Readiness Survey of
your Data Center

* Implement appropriate Air Flow Management
products where needed
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What do we recommend for you (con’t)?

e Consider a Design Strategy for a Containment
Implementation Project

|dentify all stake holders and set project goals and
deliverables

Evaluate all potential benefits, savings, and
constraints

Establish and confirm performance and
measurement criteria

Review all energy conservation measures and
financial incentive opportunities






Introducing:
Eaton.com/EatonCity



Eaton City
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Eaton City-Data Center
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Eaton City-Data Center Facility
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Eaton City-White Space
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Eaton City-Data Center Monitoring
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Thank Youl!!
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