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Data Center

¢Highly energy-intensive and rapidly growing

¢ Consume 10 to 100 times more energy per area
than a typical office building

g¢Large potential impact on electricity supply and
distribution |

eUsed about 45 billion kWh
in 2005 (USA)

%At current rates, power
requirements could double
In 5 years.
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More Facts...

Servers, including its infrastructure, account for 1.2%
electricity consumption (US).

Every Watt of electricity consumed by IT equipment,
an extra 1.5 Watts is needed for infrastructure to
support IT equipment.

Most servers require 1 watt of cooling for every watt
of power used in moderately dense server system.

High dense servers requires 2 Watts of cooling for
every watt used in the system.
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'Worldwide electricity used in

d ata ce nte I'S Environ. Res. Lett. 3 (2008)
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Figure 1. Total electricity use for data centers in the US and the world in 2000 and 2005, including cooling and auxiliary equipment. Total
world electricity consumption was 13 238 billion kWh in 2000 and 15 747 billion kWh in 2005, according to the data in ‘table 6.2 of the US
Energy Information Administration’s International Energy Outlook, downloadable at hitp:/'www eia.doe. n{mumlu himl. Data center

communications electricity use includes only that for networking equipment internal to data centers—it does not include the electricity use of
the networks connecting data centers to the Internet as a whole or to the other parts of that broader network.
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Table 1.

Installed base and server power per unit in 2000 and 2005 by major world regions.

Installed base Unils Volume Mid-range High-end Totallavg
2000
us Thousands 4927 663 23 5613
Western Europe Thousands 3332 447 15 3794
Japan Thousands 1140 250 15 1 405
Asia Pacific (ex. Japan) Thousands 1416 132 4 1552
Rest of World Thousands 1425 317 g 1750
Total Thousands 12 240 1808 66 14114
2005
us Thousands 9897 387 22 10306
Western Europe Thousands 6983 356 15 1355
Japan Thousands 2361 185 12 2558
Asia Pacific (ex. Japan) Thousands 3553 137 4 36094
Rest of World Thousands 3162 199 7 3368
Total Thousands 25959 124 59 27282
Average power used per server  Unils Volume Mid-range High-end Totallavg
2000
Us Watts/server 186 424 3534 236
Western Europe Walls/server 181 422 4517 227
Japan Watts/server 181 422 4517 271
Asia Pacific (ex. Japan) Walts/server 181 422 4517 212
Rest of World Waltts/server 181 422 4517 246
Total Waltls/server 183 423 4874 236
2005
us Watts/server 219 625 7651 250
Western Europe Walls/server 4 508 B3T78 258
Japan Watts/server 224 598 BITE 289
Asia Pacific (ex. Japan) Watts/server 2924 508 BITE 247
Rest of World Watls/server 224 508 8378 263
Total Watts/server 222 607 8106 257

Note: (1) Installed base for US and World taken from Koomey (2007h). Non-US installed base
by region was not available from IDC, so it was approximated using IDC shipments data by
region and multipliers characterizing the relationship between installed base and shipments for all
non-US regions in the aggregate (Koomey 2(M7a). This approach assumes that installed base for
each non-US region grows in the same manner as does the sum of those regions. (2) Average
power used per server for US and World taken from Koomey (2007b). Non-US average power
per server calculated for non-US regions using the differences between US and World installed
base and direct electricity consumption from Koomey (2007b).

“Average annual percentage growth rates in data center electricity use by major world region, 2000-2005.
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Background — General Trend

Datacom equipments power trends and cooling applications ASHRAE 2005

Worldwida IT Spanding on Servers, Power, and Cooling and _
Hanagement Administration oyl Bt
fus5a) ™ Ui
00| g and Cocling Dot £

foen 0 v Mgt e Adkmin (oot

4200

e

i :-_.:._
oo |
|

VOB O OMW-M W W TRV N E T

Rate of Senver Managemant and Power/Coaling Cost Increase

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 gy e

Year OF Product Announcement

New ASHRAE updated and expanded power trend chart. IDC Report — Cost Structure and
Trends
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Figure 3-10 New ASHRAE updated and expanded power trend chart.
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This chart is based on maximum measured load.

The data shown in the power trend chart provide a general
overview of the actual power consumed and the actual
heat dissipated by data processing and telecommunications
equipment.

The data emulate the most probable level of power
consumption assuming a fully configured, highly utilized
system in the year the product was first shipped

Finally, the intent of the trends is that they are to be used
as a forecasting and planning tool by providing guidance for
the future implementation of the different types of
hardware.

Not all products will fall within the trend lines on the chart
at every point in time.
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Figure 4.4 1U servers—2005 and 2012 trends.
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4 Cooling System Challenges

(APC white paper #5)

Adaptability / Scalability
Availability

Lifecycle Costs

Maintenance / Serviceability
Manageability
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Challenge

Plan for a power density
that is increasing and
unpredictable

Underlying problems

Industry projections of power density
requirements show great uncertainty
but new data centers must meet
requirements for 10 years.

Must take into account IT refreshes
that occur every 1.5 to 2.5 years.

Adaptability / Scalability Challenges

Cooling System
Requirements

System design that can be easily adapted,
even retrofit, to cool high density racks
which might be isolated cases or
widespread in the future.

Reduce the extensive
engineering required for
custom installations

This engineering Is time consuming,
expensive, a key source of
downstream quality problems, and it
makes it very difficult fo expand or
modify the installation later.

Pre-engineered solutions that eliminate
and/or simplify most planning and
engineering.

Adapt to ever-changing
requirements

Loads are frequently changed. It is
difficult to know if the cooling system
must be changed, and difficult to
determine if the existing system can
provide sufficient cooling.

A cooling system where it is possible to
assure that a new load can be cooled, and
where cooling can be easily and quickly
directed to isolated high power loads
without complicated construction and
planning

Allow for cooling
capacity to be added to
an existing operating
space

Many existing spaces were not
designed for the power density that i1s
currently being installed or planned.
Adding cooling capacity to an existing
operating data center or network room
can be very difficult and expensive.

Retrofit options, which provide additional
cooling capacity, possibly targeted at
specific racks or equipment, which can be
easily installed without complex planning
or engineering, and without replacing or
shutting down the existing systems.

& 2 38 < ¢
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adaptability challenges were the most important requirement. Particularly focused on
problems involving the cooling of high density rack systems, and the uncertainty of the
qguantity, timing, and location of high density racks.
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Challenge

Eliminate air mixing

Availability Challenges

Underlying problems

Mixing of supply and exhaust air to IT
equipment lowers return air
temperature to the CRAC unit and
raises the supply air temperature to
the IT equipment.

CRAC units must be set to deliver
very cold air fo overcome this,
resulting in poor cooling
performance.

Cooling System
Requirements

Systems that minimize the mixing of the
exhaust and supply air at the IT
equipment.

Assure redundancy when
required

The failure of a CRAC unitin a
redundant system reduces cooling
capacity but also affects the physical
distribution of the airflow. Itis very
difficult to plan and verify
redundancy.

Systems that, by design, assure airflow
and supply temperature to all IT
equipment during the failure of a CRAC
unit or associated infrastructure.

Eliminate vertical
temperature gradients at the
face of the rack

The temperature up and down the
front of a particular rack can vary 10
degrees C. This effect is unexpected
and the reasons why this happens
are unclear to the users. This places
unexpected stress on individual
pieces of IT equipment and results in
premature failure of equipment above
the temperature gradient.

Systems that prevent hot exhaust air
from returning to areas on the front of
the rack, and assure that cool supply air
is distributed uniformly up and down
racks.

Minimize liquid sources in
the mission critical
installation

Liquid spills can damage IT
equipment and cause the need for
data center shut-down.

Clean up and damage assessment is
very difficult.

Minimize the need for liquid in the data
center. If needed, operate the liquid
system at low or sub-atmospheric
pressure to prevent leaks.

Minimize human error

Uniquely engineered, poorly
documented systems.

Changing requirements require
adjusting parameters of live systems.

Pre-engineered solutions that have
comprehensive documentation and
mistake-proofing features.

% 38 ¢
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Challenge

Optimize capital investment
and available space

Lifecycle Cost Challenges

Underlying problems

System requirements are difficult to
predict and systems are frequently
oversized.

Cooling System
Requirements

Modular systems that grow with the
requirement.

Accelerate speed of
deployment

The planning and unique
engineering involved takes 6-12
months, which is too long when
compared with the planning horizon
of the organization.

Pre-engineered solutions that eliminate
and/or simplify most planning and
engineering.

Lower the cost of service
contracts

Service contracts on unused or
underutilized equipment is wasted.

Rightsized systems that can be scaled
rapidly with changing requirements
would reduce oversizing and the wasted
service contracts associated with
underutilized equipment.

Quantify the return on
investment for cooling
system improvements

The options available in the design
of a cooling system are very
complex and vary widely in cost. It
Is very difficult to determine the
value provided by the options.
Particularly when the realized
performance s typically much
different than the design
performance.

Standardized designs where the system
performance can be predicted and
quantified accurately.

F ¢
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Challenge

Decrease Mean-Time-To-
Recover

{includes repair time plus
technician arrival,
diagnosis, and parts
arrival times)

Serviceability Challenges

Underlying problems

Spare parts are not readily available.
Large systems that require complex
disassembly process to diagnose and to
repair.

Cooling System
Requirements

Modular systems using standardized
spare parts that are inventoried on-site
or locally.

Simple repair procedures that do not
require complex disassembly.
Accessibility to components which are
designed for quick replacement.

Simplify the complexity of
the system

Systems are so complex that service
technicians and in-house maintenance
staff make errors and cause malfunctions
when operating and maintaining the
system.

Status of the system cannot be easily
determined or communicated during a
crisis.

Third party control systems are complex
and unique and are never thoroughly
tested, resulting in unexpected behavior
during fault conditions.

Standardized systems with
standardized ancillary equipment and
standardized nomenclature.
Pre-engineered and pre-tested control
systems that don't take a lot of time to
set up.

Advanced diagnostics that provide
detailed information for
froubleshooting.

Simpler service
procedures

Routine service procedures require
disassembly of unrelated subsystems.
Some service items are not easy to
access when the system is installed.
Highly experienced personnel are
required for many service procedures.

System should allow in-house staff to
perform the most common service
procedures.

Modular subsystems with
connectorized interfaces to mistake-
proof service procedures.

Minimize vendor interfaces

Cooling systems often involve mulfiple
vendors and confractors and it becomes
difficult for in-house and even vendor
personnel to determine who is
responsible for a problem, leading to the
wasting of time and money.

Pre-integrated, pre-engineered
systems with minimal contractor-
sourced components where it is clear
who is responsible for a problem.

Learn from past problems
and share learning across
systems

Uniquely engineered systems where
learning on one system cannot be
transferred to another.

No clear way that solutions for one
customer’s problem are communicated to
aother similar customers.

Pre-engineered standardized systems
where leaming is shared through
manufacturer notifications and
automatic upgrade procedures.

)2 338 £
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Challenge

Management system must
give a clear description of
any problems

Manageability Challenges

Underlying problems

Cooling management systems report
data, which often bears little relation
to the actual problem symptoms.
Cooling management systems rarely
provide information that helps with a
diagnosis to the component level
when a fault occurs.

Cooling System
Requirements

Provide data reports, which better
match problem symptoms.

Eliminate arcane terminology.
Provide information, which assists in
diagnosing faults to the component
level.

Provide detailed snapshot of system
performance during problems for
troubleshooting.

Provide predictive failure
analysis

Many cooling components fail or trip
unexpectedly, or degrade without
being noticed. No advance warning
Is provided that could allow corrective
actions that might prevent cooling
loss.

Instrument the cooling system in a way
that provides advance warning of
component failures. In the case of
consumable or finite-life items,
automatically notify regarding remaining
expected life and replacement intervals.
Adjust system performance to
accommodate degrading consumables
where applicable.

Aggregate and summarize
cooling performance data

Cooling performance data is often not
summed from separate CRAC units,
providing poor insight into overall
system performance.

Operation of separate CRAC units is
often not coordinated.

(Graphical user interfaces and automatic
notification, which report, manage, and
notify based on parameters at the
consolidated system level and at the
individual CRAC level.

Communication between systems to
prevent demand fighting.

R
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Loading
efficiency

Improvements
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Loading of a data center
(APC white paper #126)

In a typical data center, less than half of the
electricity is go into IT
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All of this can be considered “waste,” if powering
the IT load is considered the useful “work” of the
data center
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Five contributors to
electrical inefficiency

Inefficiencies of the power equipment
Inefficiencies of the cooling equipment

Power consumption of lighting
Theseallcontribute to

SUPPORT power in Figure 1 Over-sizing of the power and cooling systems
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Power flow in a typical 2N EleCtrical
data center
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An ideal and optimized data center

Fower and cooling equipment that is not currently needed should not be energized

Over-sizing should be reduced wherever possible, so equipment can operate within the
optimum region of its efficiency curve'

FPower, cooling, and lighting equipment should take advantage of the latest technologies
to minimize power consumption

Subsystems that must be used below their rated capacity (to support redundancy)
should be optimized for that fractional-load efficiency, not for their full-load efficiency

Capacity management tools should be used to minimize "stranded capacity” within the
data center, allowing the maximum amount of IT equipment to be installed within the
agross power and cooling envelope, pushing the system to the highest point on its effi-
clency curve

Optimized, integrated physical configuration should be inherent within the system, and
not tied to the characteristics of the room where it resides — for example, row-based
cooling should be integrated with the IT racks, independent of room-based cooling

» The system should be instrumented to identify and warn about conditions that generate

sub-optimal electrical consumption, so that they can be quickly corrected

The system should include installation and operation tools and rules that maximize
operating efficiency and minimize or eliminate the possibility of sub-optimal configura-
tion or installation
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Stranded capacity

e Stranded capacity is capacity that cannot be utilized by IT
loads due to the design or configuration of the system. It
is very costly that data centers can’t meet the
operational and capacity requirements of their initial
design and it is a hurdle to get your data center green.

* The presence of stranded capacity indicates an
imbalance between two or more of the following
capacities:

— Floor and rack space , Power, Power distribution , Cooling,
Cooling distribution

* Most data centers are overcooled & inefficient waste of

energy waste of scientific capacity.
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m Simple Cooling Load [®

ESt| matiOn APC white paper #25

* Total IT load power in Watts - The sum of the power inputs of all the IT

equipment.

PSP
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* Power system rated power - The power rating of the UPS system. If a redundant
system is used, do not include the capacity of the redundant UPS.

Table 2

Data center or network room heat output

calculation worksheet

IT equipment

Datarequired

Total IT load power in Watts

Heat output calculation

Same as total IT load power in watts

Heat output
subtotal

UPS with battery

Power system rated power in Watts

{0.04 x Power system rating) + (0.05 x Total IT load
power)

Power distribution

Power system rated power in Watts

{0.01 x Power system rating) + (0.02 x Total IT load
power)

Lighting

Floor area in square feet, or
Floor area in square meters

2.0 x floor area (sq ft), or
21.53 x floor area (sq m)

People

Max # of personnel in data center

100 x Max # of personnel

Total

Subtotals from above

Sum of heat output subtotals
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“Capacity Supply and Demand

APC white paper # 150

* While having power and cooling supply and demand information at
the room or facility level helps, it does not provide sufficiently
detailed information to answer the questions about specific IT
equipment deployments. On the other hand, providing power and
cooling supply and demand information at the IT device level is
unnecessarily detailed and intractable. An effective and practical
level at which to measure and budget power and cooling capacity is
at the rack level.
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Best for

Too broad Too specific capacity management
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“Ofte the cooling requ|rements are.

determined, the following factors, must
be considered:

* The size of the cooling load of the equipment (including
power equipment)

* The size of the cooling load of the building

e QOversizing to account for humidification effects
* QOversizing to create redundancy

e Oversizing for future requirements

* The required oversizing for a CRAC unit therefore ranges
from 0% for a small system with ducted exhaust air
return, to 30% for a system with high levels of mixing
within the room.
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Data Center and Network
Room Infrastructure, APC white paper #137

Design lifetime

Definition

The overall planned life of the data center. Typically 10-15 years.

The maximum IT load the data center is ultimately capable of supporting. All or part of the
power and cooling equipment needed to provide this capacity may be installed at start-up.

Design capacity
Table1
Definitions relatedto i
oversizing Installed capacity

The load capability of the power and cooling equipment installed. Equal to or less then the
design capacity.

Expected load

The estimated IT load at the commissioning of the system and over its lifetime. This
typically changes with time and increases from time of commissioning.

Actual load

The actual IT load at the commissioning of the system and over its lifetime. This typically
changes with fime and increases from time of commissioning.
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Figure1

Design capacity and
expected load requirement

over the lifetime of a data ACTUAL LOAD

0 1 2 3 4 5 6 7 8 9 10
Years from commissioning

It was found that the start-up expected load is typically 30% of the
ultimate design capacity and that the ultimate expected load is typically
80-90% of the ultimate design capacity allowing for a safety margin). It
was further found that the start-up actual load is typically 20% of the
ultimate design capacity, and that the ultimate actual load is typically

about 60% of the design capacity.
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Figure 3

INSTALLED CAPACITY

Design power capacity and
requirement over the
lifetime of a data center

ACTUAL LOAD

% Capacity
g

40%

20%

0%

0 1 2 3 4 5 6 7 8 9 10
Years from commissioning


http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

Growth model parameter

APC white paper #143| | mownmoe

Tlfng Universify
Meaning

Maximum anticipated IT load

Minimum anticipated IT load

IT load of initial installation

The timeittakes togofrominitialload
tofinal load

Incremental step size of the physical
infrastructure system, if full buildoutis
deferred

(]
% |2 MiNIMUM finalload
o
E:
Table 2 0 3 INITIAL load
Parameters of the e
growth model 4 Ramp-up time
Fer) -
= 5Stepsize
g
T C
o,
Ea
Q
B
>
"
R Data center lifespan  ------------------">

Step size
]' 6 Margin

Figure 4
Complete growth model

MINIMUM final load

A ; MAXIMUM MINIMUM
Initial final load final load
load
Time
Ramp-up

time

Extra capacity to cover the unex-
pected - either an unexpected addi-
tion to thelT load or an unexpected
drain on system capacity
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For a particular project, the growth

model is developed in two parts

* First, develop the IT load profile. The IT load profile,
consisting of parameters 1-4 of the model, is created
early in the planning process, based on an
understanding of the organization’s business needs.
In some cases, this may require consulting expertise
from someone familiar with the organization’s
business and general IT issues, or reference to
standard profiles describing the IT growth
parameters of similar organizations. The key at this
step is for the participants of the planning process to
develop a shared view of the projected IT load.
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* Second, develop the system capacity plan to support the IT
load profile. The system capacity plan is represented by
parameters 5 and 6 of the growth model (step size and margin).
Development of the system capacity plan is begun early in the
planning sequence, with a rough estimate of step size that will
guide the choice of reference design. The system capacity plan
is finalized later in the planning sequence, after the basic
system architecture and the floor plan (row layout of the room)
have been determined. The user will typically not have
expertise in this area, and so will rely upon the equipment
vendor or other qualified consulting services. Incremental
phase-in steps provide the option to delay, adjust, or cancel full
build out based on actual conditions as they develop during the
ramp-up time. The benefits of a stepped phase-in are discussed
later in this paper in the section “The value of stepped phase-

14

in”.
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Technology to /mplemg
the design principles (apc white paper #126)

Scalable power and cooling, to avoid over-sizing
Row-based cooling, to improve cooling efficiency
High-efficiency UPS, to improve power efficiency

415/240 V AC power distribution, to improve power
efficiency

Variable-speed drives on pumps and chillers, to
improve efficiency at partial load and on cool days

Capacity management tools, to improve utilization
of power, cooling, and rack capacity

Room layout tools, to optimize room layout for
cooling efficiency
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APC White Paper

Practical strategies for reducing electrical power consumption for
data centers, indicating range of achievable electrical savings

Right-size DCPI

Savings

#|Ising a modular, scalable power and cooling architecture
# Savings are greater for redundant systems

Tlfng Universify

Limitations

sFor new designs and
S0me expansions

Virtualize servers

10-40%

«Not technically a physical infrastructure solution but has radical
impact

|nvolves consolidation of applications onto fewer servers, typically
blade servers

#Also frees up power and cooling capacity for expansion

sRequires major IT
process changes

#Tp achieve savings in
an existing facility
some power and
cooling devices may
need to be turned off

More efficient air
conditioner architecture

»Bow-oriented cooling has higher efficiency for high density {White
Paper 130)

» Shorter air paths require less fan power

» CRAC supply and return temperatures are higher, increasing
efficiency, capacity, and preventing dehumidification thereby
greatly reducing humidification costs

sFor new designs
«Benefits are imited to
high density designs

Economizer modes of air
conditioners

= Many air conditioners offer economizer options

» This can offer substantial energy savings, depending on
geographic location

+«5Some data centers have air conditioners with economizer modes,
but economizer operation is disabled

sFor new designs
«Difficult to retrofit

More efficient floor layout

Floor layout has a large effect on the efficiency of the air
conditioning system

|nvolves hot-aisle / cold-aisle arrangement with suitable air
conditioner locations (White Paper 122)

sFor new designs
s [ifficult to retrofit
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Practical strategies for reducing electrical power
consumption for data centers, indicating range
of achievable electrical savings

Coordinate air
conditioners

«/\any data centers have multiple air conditioners that actually fight
each other

»One may actually heat while another cools

«One may dehumidify while another humidifies

# The result iIs gross waste

=\ay require a professional assessment to diagnose

=For any data center
with multiple air
conditioners

Locate vented floor tiles
correctly

#/\lany vented tiles are located incorrectly in the average data
center or the wrong number are installed

»Correct locations are NOT intuitively obvious

» A professional assessment can ensure an optimal result

»Side benefit — reduced hot spots

»Only for data centers
using a raised floor

sEasy, but requires
expert guidance to
achieve best result

Install energy efficient
lighting

« Turn off some or all lights based on time of day or motion

#Lse more efficient lighting technology

e[Don't forget that lighting power also must be cooled, doubling the
cost

#Benefit is larger on low density or partly filled data centers

#Nost data centers can
benefit

Install blanking panels

«[Decrease server inlet temperature

»Also saves on energy by increasing the CRAC return air
temperature

«Cheap and easy with new snap-in blanking panels such as those
by Schneider Electric

=For any data center,
old or new



http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

m Use high efficiency UP'

APC White Paper #126

100% -
95%
90% <
0 -
Figure 8 8o
) ==
UPS efficiency as a ‘é 80% ~
function of load )
comparing latest O 75%-
generation UPS to historic %=
published data Ll.nl 20% -
S~
65% o
60% o
55% -
50%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% IT Load
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Use variable speed Chiller &Pump
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Capacity Management

Shorter airflow paths, resulting in the need for less fan horsepower

Less air mixing, resulting in higher heat rejection temperatures

Higher heat rejection temperatures, resulting in improved chiller efficiency

Higher heat rejection temperatures, resulting in increased air conditioner capacity
Shorter wiring lengths, resulting in lower wiring and PDU losses

More IT load can be powered by the same power and cooling infrastructure
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« UPS

APC White Paper

The power path is divided into three segments:

* Distribution wiring
* IT device power supplies (PSUs)

Figure3

Datacenter power path:
three segments, three
efficiency curves

UPS

Distribution
wiring

Power
supplies

2 38 =¥

f ::ﬂgg’mrﬂﬁma T]fng Univm‘sify

Efficiency curves
for each segment
will be examined
in the following
sections
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RALDC distribution has higher

efficiency based on:

* |t may be possible to build a DC UPS that is
higher in efficiency than an AC UPS

* The elimination of power distribution unit
(PDU) transformers will reduce electrical
losses

* |t may be possible to improve the efficiency of
the IT equipment power supply itself, beyond
the improvements possible in an AC input
design
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100% | | T T T 1
95%
(] /’.”_____.-
90% §—~4A4 7
() —T
. 85% S
Figure 4 / //, / T
Efficiency of several . 80% _/ //
commercially ] A
available ACand DC i 5% 1 / /
=] B ECD-
UPS systems £ 70% L L APC Symmetra PX 250kVAEco-mode AC UPS |
w / = APC Symmetra MW 1000kV A Delta Conversicn AC UPS
65% § / —— APC Symmetra PX 500kVADouble Conversion AC UPS
50% ——— Emerson R320-10000 10KW 380V DC UPS n
/ e | BNL Typical Efficiency Double Conversion AC UPS
55% . . u
= LBML Lowest Efficiency Double Conversion AC UPS
50% / ] ] ] ] ]
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Distribution Wiring Efficiency
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Figure 6 §  990% |
Distribution wiring & :
efficiency w
98.5% -
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e high voltage & high efficiency
Power supply (APC White Paper #128)

* Figure 3 illustrates a 1-3 percentage point improvement in
power supply efficiency with increased voltage. This
represents a savings of S4 to $31 per year per server in
electrical cost by increasing the voltage from 120 to 240. In

addition, approximately S2 to S16 per year per server is saved
on air conditioning Operating costs.

Power Supply E fiiciency vs. Input Voltage

92%
L I
91% %ﬂ.—— . —a *
Figure3 > 90% /
.. c -
Powers%.rppiy efficiency 2 89o% L el
(source: HP) - d -
W g8y -
. 240V
87% ) 08V
./ ——120V
86% ’
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~“General benefits to increasing

distribution voltage from 120 to 240

More power capacity given the same branch
circuit current

Less current required given the same branch
circuit power capacity

Higher power distribution efficiency / lower
energy cost

Higher IT equipment power supply efficiency /
ower energy cost

Lower copper material cost (less copper
required)
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Table 1

Data center efficiency
improvement from DC
distribution, compared
to conventional design
and to this paper’s high-
efficiency architecture

"T:fng Universify

DC power distribution

DC distribution element

Elimination of transformers

Savings compared
to conventional

design

Savings compared to
high-efficiency
architecture described
in this paper

Replacing UPS with AC-DC con-
verter

New IT equipment that accepts
high voltage DCinput

TOTAL IMPROVEMENT

13-28%
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AT across IT equipment

APC white paper #139

Blade servers

Table1

AT by type of IT equipment

1U - 2U servers
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'y ooling system — a health check
APC white paper #42

 Maximum Cooling Capacity. If there isn’t enough gas
in the tank to power the engine then no amount of
tweaking will improve the situation.

 CRAC (computer room air conditioning) units.
Measured supply and return temperatures and
humidity readings must be consistent with design
values. Ensure that all filters are clean.

* Chiller water/ condenser loop. Check condition of
the chillers and/or external condensers, pumping
systems, and primary cooling loops. Ensure that all
valves are operating correctly. Check that DX
systems, if used, are fully charged.

o5 ;
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* Room temperatures. Check temperature at strategic
positions in the aisles of the data center. These
measuring positions should generally be centered
between equipment rows and spaced approximately
every fourth rack position.

* Rack temperatures. Measuring points should at the
center of the air intakes at the bottom, middle, and top
of each rack. These temperatures should be recorded
and compared with the manufacturer’s recommended
intake temperatures for the IT equipment.

* Tile air velocity. If a raised floor is used as a cooling
plenum, air velocity should be uniform across all
perforated tiles or floor grilles.
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* Condition of subfloors. Any dirt and dust present below

the

raised floor will be blown up through vented floor

tiles and drawn into the IT equipment. Under-floor
obstructions such as network and power cables obstruct

airf
tot

ow and have an adverse effect on the cooling supply
ne racks.

e Airf

ow within racks. Gaps within racks (unused rack

space without blanking panels, empty blade slots without
blanking blades, unsealed cable openings) or excess
cabling will affect cooling performance.

Aisle & floor tile arrangement. Effective use of the

subfloor as a cooling plenum critically depends upon the
arrangement of floor vents and positioning of CRAC units.
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ommon causes for “poor cooling”

WWW.upsite.com
Dirty or blocked coils choking airflow

Undercharged DX systems
ncorrectly located control points
Un-calibrated or damaged sensors

Reversed supply & return piping
Faulty valves

Faulty pumps

Pumps running unnecessarily
Free cooling systems not initiated
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m 3. Install blanking panels

implement cable management regime
R 90°F (32°C) * 79°F [26“0}‘

=} o, =} 0
Effectofinstallation of 80°F (27 CJ# 73°F (23°C)
blanking panels on 95°F (35°C) 73°F (23%:}‘
server air inlet
temperature

2A. (left)

Without blanking o =

- 83°F (28°C) >
{2°F (22°C #

2B. (right) { ]

. | 70°F (21°C *
With blanking panels { )

Server Inlet Temp

Figure 3

Example of unstructured cabling
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e 4. Remove sub-floor blockages and seal floor
e 5. Separate high-density racks

Figure5
Data center with all high-
density racks together

Figure6 []

Data center with high- -:
density racks spread out B = 10 kW rack, others 2.6 kW

B = 10 kW rack, others 2.6 kW
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Figure7

Rack arrangement with no
separation of hot or cold aisles

Figure 8

Hot aisle / cold aisle rack arrangement

]2 38~
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6. Set up hot-aisle/cold-aislé

I_BTQTBTHT

Row 1

Row 2

Row 3

Row d

Row 1

Row 2

Row 2

Row 4
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. Align CRACs with hot | es

/. A||gn CRACs CRAC units must be aligned with hot aisles to optimize cooling efficiency. Figure 9 shows a
. . typical room layout where CRAC units have been evenly placed around the perimeter of the
W lth hOt als les room to service a hot aisle/cold aisle ar-

rangement.

In this example, the CRAC units along the two
Figure9 side walls are too close to the cold aisle,
which causes the airflow to bypass the floor
vents in that aisle. These CRAC units would
be better positioned along the top and bottom
walls to get better airflow along the aisles.

Typical CRAC

CRAC
HOT AISLE

CRAG

COLD AISLE
COLD AISLE
HOT AISLE

COLD AISLE

In Figure 10 the CRAC units have been
moved to the top and bottom walls and are
now aligned with the hot aisles. Conventional
wisdom would indicate that CRACs should be
aligned with cold aisles to generate a flow of
air to the floor vents. However, CFD
(computational fluid dynamics) analysis has
shown that hot air from the hot aisles
crosses over the racks into the cold aisle
Figure10 when returning to the CRACSs, causing a
mixing of hot and cold air that increases the
temperature of supply air to the rack fronts.

CRACs aligned with aisles

COLD AISLE
HOT AISLE
COLD AISLE
HOT AISLE
COLD AISLE

In summary, with a raised-floor cooling
system it is more important to align CRAC
units with the air return path (hot aisles) than
with the subfloor air supply path (cold
aisles).

CRAC CRAC
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e 8. Manage floor vents

b

Figure 11 CRAC Rack cabinet

Relative air movement in or

high-velocity underfloor CRAH

environments l | | 4
¥ v |

9. Install row based cooling architecture
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Figure12

Rack-mounted fully ducted
air supply unit

Figure13

Rack-mounted fully ducted
air return unit

Fan-tray devices, such as Air Distribution
Unit (ADU), fit into the rack’s bottom U
spaces and direct the airflow vertically to
create a cold air “curtain” between the front
door and the servers. Blanking panels (see
solution #3 earlier in this paper) must be
used to ensure the integrity of this newly

created plenum.

l1eng Universify

10. Install air flow assist devices

For higher densities, the rear door of the
cabinet can be removed and replaced with
an air-moving device such as Air Removal
Unit (ARU). Hot exhaust air that would
normally be expelled into the hot aisle is
gathered and propelled upwards, where it is

ducted into the return air plenum. This
eliminates recirculation at the rack and
improves CRAC efficiency and capacity.
Blanking panels and rack side panels must
be used with these devices.
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APC white paper #118

5 =
Worse 4=
Efficiency degrades dramatically at low loads
due 1o “fixed losses™ inherent in unused
Fig ure 3 power/cooling capacity
3-
Typical data center PU E
infrastructure
efficiency curve
2-
Better
17 | T | T |
0% 20% 40% 60% 80% 100%
Mo load Full load

IT Load

% of data center’'s power capacity
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Floor I\/Ianagemen

APC white paper #144

* Control of airflow using hot-aisle/cold-aisle rack layout

Figure 2

Basic hot-aisle/cold-aisle
data center equipment
layout plan

Figure5

Pitch ofa row layout

Perimeter Clearance
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Figure 6

The four standard pitches
ofrow layouts

A.

Compact

B.
Wide hot-aisle

C.
Wide cold-aisle

D.
Wide hot-aisle & cold aisle

8-Tile Pitch —

>

Hot Aisle

— 7-Tile Pitch —»
O
v
=1
s
I
8-Tile Pitch +——»

Hot Aisle

O-Tile Pitch

Hot Aisle
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START

|

NO Will the data center be YES

on a raised floor?

Does the design Does the design
g NO concept require cooling YES

h@ concept require cooling I
accessories on the back accessories on the
of the racks? back of the racks?
YES

YES Does the design
— concept use rack
containment?

NQ s the data center YES
M supporting high density
applications?

Figure7
Choosing the | NQ

appropriate row-to-

' 3

row pitch

N Does the design

Does the design £

P A YES  concept use inow NO - conceptrequire

[ cooling with hot aisle iles for high

containment? g BZ or l}"% er
ensity?
NO
YES

WIDE COLD AISLE WIDE HOT AISLE
(14 ) (16 ) (16 ft)

COMPACT

6 ft cold aisle
5 ft hot aisle

6 ft cold aisle 4 ft cold aisle
3 ft hot aisle 5 ft hot aisle

4 ft cold aisle
3 ft hot aisle
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“Provide access ways that are safe
and convenient

* The room in Figure 3A fits 40 rack locations when no columns
are present. When a column exists, but aligns with a row of
equipment racks, as Figure 3B shows, only one rack may be
impacted.

Figure 3

Sample impact of columns on number of rack locations when
column aligns with row

3A No column 3B Column aligns with row of racks
40 Rack Locations 3% Rack Locations
I { C = O [z r[{ .|I i f -u
ij:lf:‘f Eg Tgﬁ;:;am o ef::??f:]qaigdﬁs qh‘;?;c—.{;gmpfe.
alfll'ol.ll.'s 4,9 rack ‘ | | | ‘ | ‘ ‘ | | | | | | | ‘ | ‘ | ‘ | ‘ DEPEHdn'”g on H‘]e SIZe Of
foca‘n'ons (assuming Hot Aisle Hot Aisle o V¥ the column and location of
it S N SRESE SRRRE ERNNRENRC R i
hor_a:s.fte e NE Cold A= copad | rack locations could be
penmeter) ) eliminated
\III\I\IIII (W[ TTTTTTT]
Hiot Arsle Haot Aisle
LT LT
Cold Asle Cold Alsle
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Figure 4

Sample impact of columns on number of rack locations when

columnaligns withaisle  g4p Column partially obstructs aisle 4B Hot-aisle / Cold-aisle layout is impacted

38 Rack Localions

34 Rack Locations

Eliminating several

) Cold Aisle Cold Aisle racks in the middle of
Keepmg the column as rows creates an
an aisle-way obstacle | ‘ | | | ‘ | | ‘ ‘ | | ‘ ‘ | ‘ | | V- Y crviconment where air
has smaﬂgsf impact of Hot Aisle Hot Aisle et mixing occurs
-
poaver i practce W) [T TTTTT] 0 &
however, this practice 1e. . L .
is often not accepted “r., g Cold Al m Coel
[T 0 AT
Hot Aisle Haot Aislz
Cold sisle Cald Aisle

4C Row of equipment is eliminated

Shifting the rows in
this example means

29 Rack Locafions

35 Rack Locations

4D Rotation of rows to align with column

Rotating the rows 50°
creates a smaller

the loss of entire row Hot Aisle —1 — v :;??j ;i ?Slé};;;?gmber
e | I —
..." 1 [ ]
., Cold Aisle Y —
REgRANNRAN T H B
Haot Aisle : : :
HIRRNRERED o s R

Cold Aisle
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room layouts — Standard layout

Figure 8

Impact of room dimension
onnumber of rows

20 Racks

0

Cold Aisle

Hot Aisle

Cold Aisle

30 Racks

Hot Aisle

Cold Aisle

Hot Aisle

Cold Aisle

40 Racks

[%J

Cold Aisle

Hot Aisle

Cold Aisle

Hot Aisle

Cold Aisle

50 Racks

o,

Hot Aisle

Celd Aisle

Heot Aisle

Cold Aisle

Het Aisle

Cold Aisle

60 Racks

[9)]

Cold Aisle

Hot Aisle

Cold Alsle

Hot Aisle

Cold Alsle

Hot Aisle

Cold Alsle

z 118 K¢
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CRAC & Its selection
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 For smaller rooms without raised floor or ductwork,
upflow or downflow CRAC units are often located in a
corner or along a wall. In these cases, it can be difficult
to align cool air delivery with cold aisles and hot air
return with hot aisles. Performance will be compromised
in these situations. However, it is possible to improve the
performance of these systems as follows:

— For upflow units, locate the unit near the end of a hot aisle
and add ducts to bring cool air to points over cold aisles as far
away from the CRAC unit as possible.

— For downflow units, locate the unit at the end of a cold aisle
oriented to blow air down the cold aisle, and add either a
dropped ceiling plenum return, or hanging ductwork returns
with return vents located over the hot aisles.
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' ; : The Different Technologies for

Figure 1

Simplified breakdown of
the 13 fundamental heat
removalmethods
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Cooling Data Centers

APC white paper #59

Transport
fluid

Indoor heat exchange or
transport

Pumped
refrigerant heat
exchanger
Air-cooled e
CRAC

Glycol-cooled
CRAC

Glycol

Water-cooled
CRAC

Condenser water

Air-cooled
self-contained

Data center
boundary

Outdoor heat exchange
or transport

Cond. water  Cooling tower

K
Glycol - Dry cooler

WCundmser

Condenser

Chiller”

Dry cooler

Cooling tower

Air duct

Direct fresh air evaporative CODlEfJ

Indirect air evaporative cooler ]

Roof-top unit ]

* Note that in some cases the chiller is physically located indoors.
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Figure 2 Vi e
Water-cooled chilled
water system
Compressar — Water Chiller
—— Chilled Water Supply (CWS)
Pipe
Evapo{ator Heat P Chl“ed Water Retum (CWR)
Exchanger Pipe
Building Mechanical Room
Cooling Tower
Figure 3

Example of a water-cooled
chiller (left) and cooling
tower (right)
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Advantages

* Chilled water CRAH units generally cost less, contain fewer parts, and have greater
heat removal capacity than CRAC units with the same footprint.

* Chilled water system efficiency improves greatly with increased data center capacity

o Chilled water piping loops are easily run very long distances and can service many |T
environments (or the whole building) from one chiller plant.

o Chilled water systems can be engineered to be extremely reliable.

* Can be combined with economizer modes of operation to increase efficiency. Design-
Ing the system to operate at higher water temperatures 12-15°C [54-59°F]) will increase
the hours on economizer operation.

Disadvantages

* Chilled water systems generally have the highest capital costs for installations below
100 kW of electrical IT loads.

* Introduces an additional source of liquid into the IT environment.

Usually used
* [|n data centers 200 kW and larger with moderate-to-high availability requirements or as
a high availability dedicated solution. Water-cooled chilled water systems are often
used to cool entire buildings where the data center may be only a small part of that
building.
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Pumped refrigerant for chilled water systems
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Advantages
¢ Keeps water away from IT equipment in chilled water applications
¢ Qil-less refrigerants and non-conductive fluids eliminate risk of mess or damage to
servers in the event of a leak.
« Efficiency of cooling system due to close proximity to servers or direct to chip level.

Disadvantages
« Higher first cost as a result of adding additional pumps and heat exchangers into the
cooling system.

Usually Used
¢ These systems are usually used for cooling systems that are closely coupled to the
IT equipment for applications like row and rack based high density cooling.
¢ Chip Level Cooling where coolant is piped directly to the server
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Air-cooled system (2-piece)

| Air-cooled g&fﬁ nt Condenser l
CRAC - ’

Air-Cooled Condenser

Figure 6

Air-cooled DX system
(2-piece)

Building Roof

Advantages
¢ Lowest overall cost

o Easiest to maintain

Disadvantages

& Refrigerant piping must be installed in the field. Only properly engineered piping sys-
tems that carefully consider the distance and change in height between the |IT and out-
door environments will deliver reliable performance.

# Refrigerant piping cannot be run long distances reliably and economically.

* Multiple computer room air conditioners cannot be attached to a single air-cooled
condenser.

Usually used

* |n wiring closets, computer rooms and 7-200k\W data centers with moderate availability
requirements.
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Glycol-cooled system

[ ]rcaf-cmﬁed Glveol Dry cooler

Figure 8

LW

Glycol-cooled system

LV

nger

Package

uilding Roof onditi nvirenme
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Avantages

* The entire refrigeration cycle is contained inside the CRAC unit as a factory-sealed and

tested system for highest reliability with the same floor space requirement as a two
piece air-cooled system.

e (Glycol pipes can run much longer distances than refrigerant lines (air-cooled split
system) and can service several CRAC units from one dry cooler and pump package.

* |n cold locations, the glycol within the dry cooler can be cooled so much (below 10°C
[50°F]) that it can bypass the heat exchanger in the CRAC unit and flow directly to a
specially installed economizer coil. Under these conditions, the refrigeration cycle is
turned off and the air that flows through the economizer coil, now filled with cold flowing
glycol, cools the IT environment. This economizer mode, also known as “free cooling”,

provides excellent operating cost reductions when used.
Disadvantages

o Additional required components (pump package, valves) raise capital and installation
costs when compared with air-cooled DX systems.

e Maintenance of glycol volume and quality within the system is required.

e [Introduces an additional source of liquid into the IT environment.

Usually used

e |n computer rooms and 30-1,000 kW data centers with moderate availability require-
ments.
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Water-cooled system

Water-cooled c: ==
' | ondenser water Cooling tower

Cooling Tower—____

Water Spray Jets_

Fill Area—

Figure9

Water-cooledsystem

Compute
| ArLion

» A water (also called condenser water) loop is used instead of glycol to collect
and transport heat away from the IT environment

* Heat is rejected to the outside atmosphere via a cooling tower instead of a dry
cooler as seen in Figure 9.
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Advantages
[ ]

All refrigeration cycle components are contained inside the computer room air condi-
tioning unit as a factory-sealed and tested system for highest reliability.

Condenser water piping loops are easily run long distances and almost always service
many computer room air conditioning units and other devices from one cooling tower.

In leased IT environments, usage of the building’'s condenser water is generally less
expensive than chilled water (chilled water is explained in the next section).

Disadvantages
L]

High initial cost for cooling tower, pump, and piping systems.
e Very high maintenance costs due to frequent cleaning and water treatment require-
ments.

e |ntroduces an additional source of liquid into the IT environment.

A non-dedicated cooling tower (one used to cool the entire building) may be less relia-
ble then a cooling tower dedicated to the computer room air conditioner.

Usually used
[ ]

In conjunction with other building systems in data centers 30kW and larger with mod-
erate-to-high availability requirements.
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Air-cooled self-contained system (1-piece)

Alr : Air duct J

Air-cooled
se[f—ccntained

Condenser Air Qutlet
and Inlet Ducts

Fig ure10 Condenser Air Outlet
and Inlet
Indoor air-cooled self-
contained system
Evaparator Coill ———
g Roof IT Environment
Air cooled self contained
Portable Self Contained
Cooling Unit
Figure11

Examples of indoor air-cooled
self-contained system
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Direct fresh air evaporative cooling system

Air 1 Direct fresh air evaporative cooler

Hot Air Return
Duet out of
Diata Center

Cold Air
1 Cold Air — Supply
| _Supply Duet
Duct into
Data
Center

Figure12

Example of anindirect
air evaporative
cooling system

Outdoors IT Environment

Figure13

Example of a direct fresh air
evaporative cooling system
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Advantages

¢ All cooling equipment is placed outside the data center, allowing for white space to be
fully utilized for IT eqguipment.

e Significant cooling energy savings in dry climates (e.g. 75%) compared to systems with
no economizer mode.

Disadvantages
e May be difficult to retrofit into an existing data center.

* 5Subject to frequent filter changes In locations with poor air quality.

e Evaporative cooling contributes to humidity in the data center.

Usually used
e [n 1,000kW data centers and larger with high power density.
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Indirect air evaporative cooling system

Figure14

Indirect air economizer
system

Figure15

Example of an indirect
air evaporative
cooling system
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3,

Advantages

o All cooling equipment i1s placed outside the data center, allowing for white space to be
fully utilized for IT equipment.

e Significant cooling energy savings in most climates (e.g. 75%) compared to systems
with no economizer mode.

Disadvantages
* May be difficult to retrofit into an existing data center.

Usually used
o In 1,000kW data centers and larger with high power density.
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Self-contained roof-top system

; | :
Air ; ' Root-top unit

Figure16

Self-contained roof-top
system

Advantages
e All cooling equipment is placed outside the data center, allowing for white space to be
fully utilized for IT equipment.

e Significant cooling energy savings in mild climates compared to systems with no eco-
nomizer mode.

Disadvantages
o May be difficult to retrofit into an existing data center.

Usually used
e |n data centers that are part of a mixed-use facility.
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Advantages
® Indoor self-contained systems have the lowest installation cost. There is nothing to
Install on the roof or outside the building except for the condenser air outlet.

e All refrigeration cycle components are contained inside one unit as a factory-sealed
and tested system for highest reliability.

Disadvantages
e |Less heat removal capacity per unit compared to other configurations.

e Air routed into and out of the IT environment for the condensing coil usually requires
ductwork and/or dropped ceiling.

e Some systems can rely on the building HVAC system to reject heat. Issues can arise
when the building HVAC system shuts down in the evening or over the weekend.

Usually used
e |n wiring closets, laboratory environments and computer rooms with moderate availabil-
ity requirements.

e Sometimes used to fix hot spots in data centers.
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wo fundamental physical arrangements

of precision cooling equipment
* Ceiling mounted systems

Figure 6 — Typical ceiling mounted computer room air conditioner

| Figure 8 — Typical floor mounted computer room air conditioner

Figure 7 - Typical floor mounted portable computer room air conditioner

* Floor mounted system
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The 10 combinations of heat moval

methods and equipment arrangements

Table 1- The 10 basic cooling system configurations
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DATA Center
Environment
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Arguments for increased air temperatures:
Journal of Electronic Packaging, MARCH 2011, Vol. 133/ 011004-1

— estimates predict that 4-5% of data center energy
costs could be saved for every 1°C increase in
server inlet temperature

— higher temperature settings could allow more
free-cooling

— servers have previously been deployed in high
temperature environments with no failures.
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Arguments against increased air temperatures
Journal of Electronic Packaging marcH 2011, vol. 133/ 011004-1

— raising inlet temperature could cause additional
energy consumption in other components.

— costs of thermal-related equipment failures may
exceed operational savings.

— higher temperatures can impact server performance
and service life.

— higher room ambient temperatures may require more
frequent server shutdown where cooling system
failure occurs.
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“The Criterion for Acceptable Cooling in

a Data Center

 Manufacturers of computer servers design their
equipment with a certain allowable maximum inlet
temperature. This value is around 24°C (75°F).

* The air-conditioners in a data center usually supply cold
air at 13'C (55 F). If the 13°C cold air enters the servers,
there is no difficulty in satisfying the manufacturer’s
criterion. But the cold air does not always enter at all
the inlet locations on the server rack.

e Often, the hot air exhausted by the rack finds its way to
the inlet of the same rack or some other rack. This is
how the cooling in a data center is compromised.
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A% conventional data center air
conditioning flow diagram

ASHRAE Transactions 2010, Vol. 116, Part 1.2010, 98-108
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ich cooling solutions are appropriate
for use in different size IT environments?

Wiring closets (1-3 rack enclosures or
equivalent using 1-18 kW of electricity)

Computer rooms (1-5 rack enclosures or
equivalent using 3-30 kW of electricity)

Small data centers (5-20 rack enclosures or
equivalent using 7-100 kW of electricity)

Medium data centers (20-100 rack enclosures
or equivalent using 28-500 kW of electricity)

Large data centers (> 100 rack enclosures or
equivalent using >200 kW electricity)
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3, Wiring closets

If closet temperatures are high, first try to
increase ventilation to IT and communications
equipment. If temperatures remain high and a
precision cooling solution is required, ensure
equipment ventilation and clearance
requirements can be met for the proposed
solution. R
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Air Cooled DX
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Table 2 - Basic cooling system configurations for wiring closets

Ceiling Mounted

i

Use if: Building has roof access and enough room for solution.
Roof is within 2 stories of wiring closet. Use for 3-17kW of
equipment.

Hl

Take up significant floor space in a wiring closet. Typically sized
systern much larger than wiring closet requirements.

e

Use if: Ducts can be installed to supply and return condenser air.
Use for 3-17kW of equipment.

Use if: Ease of install and portability are advantages. Hot air exhaust
ducts can be run outside the wiring closet. Use for 3-6 kW of

X

Not commonly used in this power range

it

j s e (/
i

Not commonly used in this power range

equipment.

Take up significant floor space in a wiring closet. Typically sized
system much larger than wiring closet requirements.

X:

Take up significant floor space in a wiring closet. Typically sized
systern much larger than wiring closet requirements.

s
I |

[——

Use if: The only cooling source is chilled water, no possible location
for outdoor condensers. Some hi-rise buildings.

X

Take up significant floor space in a wiring closet. Typically sized
system much larger than wiring closet requirements.

PEFES

;’r_hrCﬁino Tlm_:} Um'wrrsiry
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erlng closets (APC white paper #68)

For active IT equipment typically found in a wiring closet, this
temperature is usually 104 °F (40°C). This is the maximum
temperature at which the vendor is able to guarantee performance
and reliability for the stated warranty period. It is important to
understand that although the maximum published operating
temperature is acceptable per the manufacturer, operating at that
temperature will not generally provide the same level of availability
or longevity as operating at lower temperatures. Because of this,
some IT equipment vendors also publish recommended operating
temperatures for their equipment in addition to the maximum
allowed. Typical recommended operating temperatures from IT
equipment vendors are between 70°F (21°C) and 75°F (24 C).
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Heat dissipates in a small confined space
like an office or closet in five different ways

e Conduction: Heat can flow through the walls of the
space

 Passive Ventilation: Heat can flow into cooler air via a
vent or grille, without an air moving device

 Fan-assisted Ventilation: Heat can flow into cooler air
via a vent or grille that has an air moving device

 Comfort Cooling: Heat can be removed by a
building’s comfort cooling system

* Dedicated Cooling: Heat can be removed by a
dedicated air conditioner
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General guideline for cooling strategies
based on room power and target

120

110 =

100

Figure1

Cooling method guide
based on power load and
target room temperature

20

s0 =4 25°C

Target Temperature (°F)

70 =47

60

J
1000 1500

2000 2500 3000 3500 4000 4500 5000

IT Equipment Load (Watts)

Example:
1500 W maintained at 77°F (25°C)
falls within the “fan-assist” range
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Figure 2

Cooling method selection to maintain
recommended ASHRAE temperature
range of 68 - 77°F (20 - 25°C)

<400 W

START

Does ADJACENT

YES SPACE have building AC

NO

to maintain target temp
continuously?

Does a wall, ceiling, or
floor abut a space with

NO

YES

significant heat? (e.g. solar
gain from outside wall)

NOTE: Power consumed is a practical

>2000 W

How r;'“cn power is - measure of cooling needed. For computing
l:onsmm‘!h by el and telecom equipment, walts consumed
LELLLE approximately equals watis of heat produced.
<700 W < 2000 W
YES Is there wall or NO YES celilsil?agsrgag}g{;w NO
door space to mount — ceiling/return plenum)
ventilation grille? for ventilation fan?

/ Conduction \ // Passive Ventilation\ /

Fan Assist

¥

Dedicated Cooling "\

Conductive cooling is
sufficient - No solution
required

— ———
- B
™ "

Passive cooling is
sufficient - Install
ventilation grilles

Fan assist ventilation is
sufficient - install wall or
ceiling mount fan system

Dedicated air conditioner
is required

% See Figure 6A

1N

See Figure 6B

See Figure 8
Jel | to select type of AC

Ceiling

Portable

In-row
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Table 2

Factors that caninfluence
closet temperature vs.
load relationship and
expected impact

Room dimensions

T:fﬁg University

Expectedimpacton closettemperature

Temperature increases as room dimensions decrease

Wall, ceiling, floor material

Temperature increases as consfruction material thermal resistance
increases

Setback of building air conditioner on nights /
weekends

Every degree increase in building air conditioner increases closet
temperature by same amount

One wall subject to sun exposure / outdoor
temperature on hot sunny day

Temperature increases as wall area exposed to outdoor temperature
and sun increase
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Figure3

Closet temperatures
versus IT equipment
load: conduction
performance
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Conduction

| ] ] [ I [ e ] [ e ] ] I ] ]
90F (32C)
Supports ~ 1000 watts (non-critical closet) ASHRAE maximum allow able

77F (25C)
Supports ~ 400 watts{critical closet) ASHRAE maximum recommended
1000 2000 3000 4000 5000 6000

IT equipment load (w atts)
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Comfort cooling © LELS

Many buildings have an existing air conditioning system or combined
heat and air conditioning system for creating a comfortable
environment for personnel. These comfort cooling systems typically
have air handling ductwork. It appears attractive to take advantage of
this system by installing additional ducting to closets, in the same
way that ducts are added when new offices or rooms are added.
However, simply adding ducts rarely solves closet cooling problems
and often makes them worse.

Comfort cooling systems cycle on and off. A thermostat placed
somewhere in the zone, but not in the closet.

Furthermore, best practice for comfort cooling systems involves
turning up the temperature set points on week nights and weekends
to help conserve electricity. Some are actually shut off completely.

By simply adding ductwork, one is forced to choose between wasting
electricity on nights and weekends and making the temperature
swings in the wiring closet even worse.


http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

Dedicated air conditioner is appropriate

When.. (even when ventilation appears)

* The ventilation air outside the closet contains
significant dust or other contaminants

* The ventilation air outside the closet is subject
to excessive temperature swings

 Practical constraints such as leases or
cosmetics make it impossible to add
ventilation ducts
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START

Is there a return
plenum available with

YES

ﬂir—cooled, self-contained

sufficient capacity on
building AC system?

!

Is there
access to building's
chilled water, condenser water,

YES

(portable, in-row, or ceiling

g \ mount)

Chilled water _@I[ed water (ceiling or in-

2 \ row / floor mount)

Condenser water _ﬁatercooled (ceiling or in-

Figure 8 or glycol loop with sufficient

) o capacity?
Dedicated air conditioner

selection

YES

Is an outside wall or roof

g \ row / floor mount)

Glycol _@;olcooled (ceiling or in-

’\ row / floor mount)

/Air-cooled with remote
|- o
Ll

within 100 ft (30 m)
of the room?

T er (ceiling or in-
\ row / floor mount)

Glycol-cooled (ceiling or in-

Ceiling-mount air conditioning unit

In-row air conditioning unit

P row/ floor mount) with fluid
cooler and pump package

Portable air conditioning unit
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¢ When a UPS is installed, the IT equipment will continue to
create heat during a power outage. Therefore the cooling
system must continue to operate. If the backup time of the
UPS is less than 10 minutes, the thermal mass of the air and
wall surfaces within the closet will keep the temperature
within reasonable limits and no precautions need to be
taken. How ever, if the UPS is designed to provide runtime in
excess of 10 minutes, then the cooling system must continue
to operate during this period. This means that if fan-assisted
ventilation or air conditioning is used, the fan or air
conditioner must be powered by the UPS. The need to power
the fan or air conditioner must be taken into consideration
when sizing the UPS. In the case of fan-assisted ventilation,
this is not a significant problem, but for air conditioners this
mayv require a much larger UPS and batteryv.
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Table3

Ventilation system
features and benefits

Feature

Wall or ceiling mountable

More flexibility as one solutionis compatible
with many different closet types

Specified for calculated IT loads

Higher confidence that the solution will
perform as expected

Remotely manageable

Lower mean time to recover (MTTR)

Multiple fan speeds

Ability to lower acoustic noise when max
airflow is not required

More than onefan

Fan redundancy for fault tolerance

Tamper-proof mounting

Higher level of security

Easy installation

Requires minimal modification to closet
environment and reduces the need for
outside contractor involvement

Minimal assembly required

Fast, easy installation

Plug or hard wire configurations

Simple compliance with local electrical
regulations

Broad capacity range

Ability to standardize on a single device for
differentinstallations

Specified and characterized for usewith a
UPS system

Higher overall system availability
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Figure 9

Closet fan-assisted
ventilation unit
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Computer rooms

 Computer rooms (1-5 rack enclosures or equivalent
using 3-30 kW of total electricity) are often reused
office space with varying levels of available space
and ventilation. For rooms with very small electrical
loads the building air conditioning system may be
sufficient provided adequate ventilation is provided
to the room.

 Most computer rooms require multiple portable or
ceiling mounted systems and some heavily loaded
rooms work well with a large floor mounted system
if floor space is available.
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Table 3 - Basic cooling system configurations for computer rooms

Ceiling Mounted Floor Mounted
t 4 b A
i | :

B

Use if: Building has roof access and a 10" (3m) floor to structural Use if: Building has roof access and available space for solution.
ceiling height. Roof is within 2 stories of IT environment. Single or Roof is within two stories of IT environment. Single large system
multiple systems are a good choice for 6-30 kW loads OK for loads greater than 25kW if it fits.

N —— T

Air Cooled DX
System (2Piece)

Contained

Use if: IT environment has dropped ceiling or ducts can be installed for | Use if: Dropped ceiling for condenser air ducts exists. Single or
condenser air. Ensure 10" floor to structural ceiling height. Single or multiple portable systems are OK for less than 12 kW of equipment
multiple ceiling mounted systems are a good choice for 6-30 kW loads

ﬁ%—% {}F;LL]

Use if: Building has roof access and a 10" (3m) floor to structural Use if: Building has roof access and available space for solution.
ceiling height. Computer room is a long distance to outdoors. Single large system OK for loads greater than 25kW if it fits. Use if
free cooling is desired in areas with cold winters.

Al AN

Condenser water is usually not routed far from mechanical room. Use | Condenser water is usually not routed far from mechanical room.

Air Cooled Self

-

Glycol Cooled

Water Cooled
Systems

is a possibility in some hi-rise buildings. Use Is a possibility in some hi-rise buildings.
AL oty

ith e

Use if: The only cooling source is chilled water, no possible location Use if: The only cooling source is chilled water, no possible
for outdoor condensers. Some hi-nise buildings. location for outdoor condensers. Some hi-rise buildings.

]
T ®w
=:
2%
o
[&]
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Small data centers™

 Small data centers (5-20 rack enclosures or
equivalent using 7-100 kW of total electricity) are
usually purpose-built rooms with sufficient space
and ventilation for IT equipment. If the amount of
electricity consumed by IT equipment is high (more
than 3 kW per rack enclosure) then more space may
have to be devoted to the room’s cooling solution.
Most small data centers use ceiling mounted and
large floor mounted cooling systems. Portable
systems are used as needed for hot spots and
temporary cooling.
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Water Cooled Glycol Cooled Air Cooled Self  Air Cooled DX

Chilled Water

Contained

(2Piece)

Ceiling Mounted

Insufficient capacity per unit

i

Use if: Building has roof access and roof is adjacent the data center.
For smaller and low-density data centers. Lowest cost solution.

Insufficient capacity per unit

Insufficient capacity per unit

= =
| fom L
Insufficient capacity per unit Use if: Building has roof access but data center is far away. No
chilled water or condenser water already piped into data center. Use
if free cooling is desired in areas with cold winters.
tt

Insufficient capacity per unit

|

Use if: Building condenser water system has more available capacity
or lower usage cost (high rise) than chilled water

Insufficient capacity per unit

Q.‘Q‘W

\ e

| L)

Use if: Building has reliable chilled water supply without setbacks.

PEFES
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Large data centers

* Large data centers (> 100 rack enclosures or
equivalent using >200 kW total electricity) are
purpose-built rooms optimized for the
availability of IT equipment. Rising power
densities are forcing increased space
allocation for cooling solutions. Large data
centers use multiple large floor mounted
cooling systems or very large custom rooftop
central cooling systems (not shown in the
diagrams below).
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Air Cooled DX

Air Cooled Self

-
£
o
o
(&
©
o
=
o

Water Cooled

Chilled Water

Contained
System (1Piece)

(2Piece)

Table 6 - Basic cooling system configurations for large data centers

Ceiling Mounted

——

Insufficient capacity per unit

X

Insufficient capacity per unit

Floor Mounted

[@n

X:

8

Large data centers usually have dedicated chilled water systems.
Only use if no chilled water system exists or no capacity is available.

Insufficient capacity per unit

2 38 £ P

{ China Tung Univm‘sify

— —
W £ o
Insufficient capacity per unit Use if: Waterside free cooling is desired in areas with cold winters.
M

X

Insufficient capacity per unit

|X |

Insufficient capacity per unit

Hi

Use if: Building condenser water system has more available capacity

or lower usage cost than chilled water

L)

Use if: Data center has mission critical

chilled water supply.
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| The nine types of cooling systems

* Every cooling distribution system has a supply
system and a return system. The supply
system distributes the cool air from the CRAC
unit to the load, and the return system takes
the exhaust air from the loads back to the
CRAC. For both the supply and the return,
there are three basic methods used to convey
air between the CRAC and the load, which are:

— Flooded
— Locally Ducted
— Fully Ducted
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'In a Flooded distribution system, the CRAC and the loads eject or
draw in bulk air from the room, without any special ductwork in
between them. In a Locally Ducted distribution system, air is
provided or returned via ducts which have vents located near the
loads. In a Fully Ducted system, supply or return air is directly ducted
into or out of the loads.

* Acritical goal of a data center cooling system is to separate the

equipment exhaust air from the equipment intake air in order to
prevent equipment from overheating. This separation also
significantly increases the efficiency and capacity of the cooling
system. When equipment power density increases, the
corresponding increase in exhaust air volume and intake air volume
makes it more difficult to prevent equipment from drawing exhaust
air from itself or neighboring equipment into its intake. For this
reason partial or complete ducting of the supply air to the equipment
intake or return air from the equipment exhaust becomes necessary
as power density increases.
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Table1

Thi 9 Ly of air distribution (traditional
roam-based cooling implementations)

Flooded supply

)
=
=8
=

L]
2

o

=}
q

=

Contained supply

Flooded return

Targeted return

Contained return

Small LAN rocms < 40kW
Mot recommended for most dala centsrs
Lew cost. simple instailagon
Lot enwrgy afficasnt of &l ar detnbution

archifteciures because 100% of the cold
sUpply a3 allowed Lo mix with hot retum air

Supply a mperalin adnney unpredica-
bles above

Ditstribulion type can coal up do 34 per rack

General usa
Mol recommendad Tor most data cenlers
Lows coesl, ease af irestall

Mora anongy afficiont than fooded reum since 40-
0% af IT hot exhausd air & caplunod and delvoerad
back b e cooling unl. Supply ar more
pradiclable then Mooded supply since jass hol ai is
albiowved 4o mitd with cold supply Sir

Dasiribuion bype can cool up o BRW per rack

Large data center [ colocation

Uipgradeaabiia [wandar spechc)

Mo énangy efficiant of ak air distnbution
archiecturas since f alloves mereasad coaling
unil auppiy famp resuling in increased
oconomizer hours T0-100% of IT equipmant
Pl acherizad air = caplured and difivered back
1 thes cooling unil. Supply & i most
pradiciabls sinca no hol & i allowed 10 mix
with cold supply air

Dhstritnion bype can cool up o 30EW par rack

Mot recormEnded ior new designs — unabla
fio keeesp up with power density projections
Wore enerpy efficient than Hooded supply
since mane [T equipmen hol axhaust ar is
dverbad hack 1o the cooling unil.

Chstnibulion typs can cool up Yo GkW per rack

e arirgy allicient than Rooded neum snca 60-
0% of IT equipmant hol exhaus! air & capluned
ared debvarad back 1o 1he cookng unil - Supply ar
e pradiciable sincs less hot air is aflowed o mix
wilh cold suppéy aif

Distribusion type can cool up bo B per rack

Hat spot problam salver
Upgradasbls {vendor specic)
More afficient than targaled supply and retumn

since TO-100% of IT equipment hol axhausl
air i caplured and delivered back |o the

coulingurit. Supply ai is most predictable
snce ro hol aris allowed o mod with cold

SUppiy ar

Adorws increased coaling unit supply bemp
recsulling i incrassed Bconomizer hours

Distribaition bype can tool ug o 306V par tack

Mainframes | racks with vertical airflow
Miore encegy afficiont than tergeked supply but
less afficsont than contaned ndumn
Conaining the: supply ar, foroes [ read of
o P i Esecomie thi huol sk whach bmits
e rumiber of economizer howrs. Supply sir
is mars prediclable since e hol ar 1
aflowed to mic with cold supply aic

Dsnbamion type: con cool up i 3KV per rck

Mainframes | racks with verbical airflow

Moen enangy efficent than tageted suppy but less
efficient than contained retum. Contarng he
supgly air, lorces the rest of ihe room ko become
e Tl el whach Bnils [he raumeer of economizes
hours. Supply ai (s mest prediciabie sinos no hat
air i aliowad b0 mix wilh cold Supgly afr.

Digtribiston fvpe can cool up bo KW per rack

Harah non-data centor environmenis
Shghtty less effickend than contamed reham
with fioodad o tanpated SUpply - Pquines
e Tam inatgy.

TESURRY IN Mcreasad econamizer hours
Diginimation bype can cool up o 306V per rack

 APC white
paper #55
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Table2

Non-traditional implementations

Flooded return

—>

Targeted return

¥

I _r_;.d"Tiltng Univcrsify

Contained return

]

Hard floor, cooling unit located outdoors
Not recommended for most data centers.

Flooded supply

Not effective because air mixing prevenis
predictable IT inlet temperatures.

Hard floor, cooling unit located outdoors
Not recommended for most data centers.

Not effective because air mixing prevents
predictable IT inlet temperatures.

Hard floor, cooling unit located outdoors
Recommended for new data cenfers.

Varable speed fans on cooling units confrolled
by IT temperature.

-

‘J

tﬂh I
"-J_‘b
-
P

-
|
e §

No non-traditional alternative

=
o
o
3
]
o
9
@
o
S
@
=

Hard floor, row-based cooling units
Recommended for data centers below 1MW.

Variable speed fans on cooling units controlled
by IT temperature.

Hard fioor, row-based cooling units
Recommended for data centers below 1MW.

Variable speed fans on cooling units conirolled
IT temperature.

= # iy [
= | !

N

A

:.._)“_.w_.

Raised floor, perimeter cooling units
Not recommended for new data centers.
Good solution for existing data centers.

Variable speed fans on cooling units controlled
by pressure and active files controlled by IT
temperature.

Contained supply

Raised floor, cooling unit located outdoors

Targeted return doesn't add much value since
supply is contained therefore not recommended.

Variable speed fans on cooling units controlled
by pressure and active tiles controlled by IT
femperature.

Hard fioor, row-based cooling units

Only recommended for harsh environments or
existing data centers where complete
containment is required for a single row of
racks (e g squeezing a row into an existing hot
aisle).

Varable speed fans on cooling units controlled
by IT temperature.
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Figure1

Examples of containment
for new data centers

- Flooded supply and
enntainad retiurn

Figure 2

Examples of containment
for now data centers

- Targeted supply and
contained returm

Figure3

Examples of containment
for new data centers

- Cantained supply and
contained retlrn

Flooded supply and containad retum with cooling units localed on permeler

Flooded supply and contaimed retum with cooling units located on outdoors

- -
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Targeted supply and containad returm with cooling units located in the row

I‘-I\,.'

I‘l"r“n'

‘h.'l- :‘n
N

Comtamed suooly and contaned retum with cooling units located n the row
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" Types of cooling in the raised-floor
environment

* The raised floor approach is applicable when:

— There is already an existing raised floor in the
facility that can be reused

— Mainframe computers with under floor air intake
are being installed

— There is a need to run significant amounts of
water piping throughout the computing area
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Cooling system design

considerations

* Once the appropriate type of cooling system is
selected, there are other elements that must
be integrated into the system design. These
include the following factors

— Layout of racks in alternating rows

— Location of CRAC units

— Quantity and location of vents

— Sizing of ductwork

— Proper internal configuration of racks
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Figure 1A — Rack-mounted Fully Ducted air Figure 1B — Rack-mounted Fully Ducted air
return unit supply unit

APC model ACF101BLK Air Removal Unit APC model ACF001 Air Distribution Unit
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Flooded supply ducted return
components

Figure 2 - Integrated rack cooling system (multi rack) Figure 3 — Integrated rack cooling system (single rack)
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Custom CRAH Unit (Large)

f
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Example CRAH Unit Comparison

34% less water flow

13% less fan energy

— More if you consider the supply air temperature and
airflow issues

e Excess fan capacity on new units

36% higher cost for units, but
— Fewer piping connections

— Fewer electrical connections

— Fewer control panels

— No need for control gateway

— Can use the existing distribution piping and pumps (case
study)

— Can use high quality sensors and place them where they
make sense

* Possibly less turbulence at discharge?
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Efficiency
improvements of
AC system
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On refrigeration effect an

refrigeration capacity

* The refrigeration capacity of the compressor Q
is given by: (q, = h; — h,)

Q. = =M .q -
4 . T, = Constant
"4 /a.
4’ 4
4"
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* The power input to the compressor is given by:
(Ah_ = h,-h,)

2 On work of compression
power requirement

.'

W, = m.Ah,

For a given clearance ratio and condenser temperature, the
volumetric efficiency and hence the mass flow rate becomes

zero at a lower limiting value of evaporator temperature (T,

T

e

,Iim)'

Ah.:I

T. = Constant

\
/

/N

\.'
/N ;
/N W [
N\ l \
NAh
. c
W,/ N
N
;f \\
/ o
/ RN
— — —
Te_Te,lim Te Te_T
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7% On COP and volume flow [@® 82374
rate per unit capacity

e As evaporator temperature increases
the specific volume of the refrigerant at
compressor inlet reduces rapidly and
the refrigerant effect increases Qe Je
marginally. Due to the combined effect
of these two (and volumetric
efficiency), the volume flow rate of ..
refrigerant per unit capacity reduces I
sharply with evaporator temperature COPI \ / V (mKW.s)

as shown in the following. This implies cop

that for a given refrigeration capacity, \

the required volumetric flow rate and N

hence the size of the compressor T. —

becomes very large at very low

evaporator temperatures.

T. = Constant
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| Effect of condenser temperature

 Atmospheric air is the cooling medium for most of
the refrigeration systems. Since the ambient
temperature at a location can vary over a wide range,
the heat rejection temperature (i.e., the condensing
temperature) may also vary widely. This affects the
performance of the compressor and hence the
refrigeration system. The effect of condensing
temperature on compressor performance can be
studied by keeping evaporator temperature constant.
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On volumetric efficiency E i
refrigerant mass flow rate

e At a constant evaporator temperature as the condensing temperature
increases, the pressure ratio increases, hence, both the volumetric
efficiency and mass flow rate decrease as shown in the figure.
However, the effect of condensing temperature on mass flow rate is
not as significant as the evaporator temperature as the specific
volume of refrigerant at compressor inlet is independent of

condensing temperature.
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refrigeration capacity

e Since the evaporator enthalpy remains constant at a constant
evaporator temperature, the refrigeration effect decreases with
increase in condensing temperature as shown in Figure. The
refrigeration capacity (Q,) also reduces with increase in condensing
temperature as both the mass flow rate and refrigeration effect
decrease as shown.

T. = Constant



http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

On work of compression &
and power requirement

* The work of compression is zero when the condenser
temperature is equal to the evaporator temperature, on the
other hand at a limiting condensing temperature the mass
flow rate of refrigerant becomes zero as the clearance
volumetric efficiency becomes zero as explained before.

T. = Constant

W,

/ -
Ah, _ ~“Ah,
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73,0n COP and volume flow I®
rate per unit capacity

* As condensing temperature increases the refrigeration effect
reduces marginally and work of compression increases, as a result
the COP reduces as. Even though the specific volume at compressor
inlet is independent of condensing temperature, since the
refrigeration effect decreases with increase in condensing
temperature, the volume flow rate of refrigerant per unit capacity
increases as condenser temperature increases as shown.

T. = Constant

COP



http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

< . = . =
@) Blzxk A
% " National Chino Tung University

pressor discharge temperature

* If the compressor discharge temperature is very high then it may
result in breakdown of the lubricating oil, causing excessive wear
and reduced life of the compressor valves (mainly the discharge
valve). In hermetic compressors, the high discharge temperature
adversely affects the motor insulation (unless the insulation is
designed for high temperatures).

Pv' =constant and Pv=RT

* Then the discharge temperature, | =

T is given by:

1—1

o
To-Te(st)’
e
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Actual compression process

e Actual compression processes deviate from
ideal compression processes due to:

— Heat transfer between the refrigerant and
surroundings during compression and expansion,
which makes these processes non-adiabatic

— Frictional pressure drops in connecting lines and
across suction and discharge valves

— Losses due to leakage
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Monitoring Index
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73 Data center Energy @
Monitoring Index (o e pats p 025

* DCIE (Data center infrastructure efficiency

’ IT-Equipment Power
DCIE = 100%

Total Facility Power

— One benefit of using the DCIE rather than the PUE
is that it has an easily understood scale of 0-100%

 PUE (Power usage effectiveness)

Rating of the DCIE

. . Rating DCIE
Average PUE for Different Size Data Center
Ideal (maximum) 100
Data Center Size Average PUE State-of-the=Art 85
RFA < 10,000 fi2 ~2.8 Best Practice 70
10.000 fi2 < RFA < 30.000 fi2 ~2.20 Improved Operations 60
REA = 30.000 fi2 SR | Current Trend 55

Typical (average) 50
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In this context, all other power consumed in the data center — in other words, all power not

consumed by the IT load — is considered “loss.” These non-IT power consumptions, or
losses, include:

The internal inefficiencies of the power system (power path devices such as UP5,
PDUs, wiring, etc.), dispersed as heat

« All power consumed by the cooling system

All power consumed by other data center physical infrastructure subsystems (small by
comparison, and not shown in Figure 7)

g
- e
fwars | 28200 o
i =
.z.fJ f E = «::’::lf;:ll.lting
E

Fﬁaﬂs

IN '

Total data center input power

—— PUE =

— IT load power
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Figure8

Definition of “losses”
in dlata center power
consumption

Losses..

Power consumed by minor subsystems
(omitied o simplify the discossion) LAy oA
W . t : |
¥ ¥

Lights: Phiysical v e femeae e
Switches  Generaior .
Swntchgesr an®

= Power by
2 physical
= v goal is to
& minimize this “overhead”
Q
8
Power IN o
to data center T
@
=

in

IT load
Power consumed in doing the primary
job of the data center (computing)

Total Power consum
]
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Fixed vs. proportionalloss

Of the power consumed by the power and cooling systems — the “losses” in Figure 8 — some
stays the same no matter how large or small the IT load is, and some varies in proportion to
the size of the IT load. These two components of consumed power (loss) are called fixed
loss and proportional loss *

» Fixed loss — Always the same amount no matter what the load. Fixed loss is power
that is consumed whenever the device or system is running, regardless of how much
load is present. Reducing the load does not change this fixed component of loss. Ex-
amples of devices with a large component of fixed loss are transformers and fixed-
speed fans. The presence of fixed loss is the reason efficiency i1s better at high loads
(where fixed loss i1s a small proportion of total power) and worse at low loads (where
fixed loss is a large proportion of total power) — see Figure 11 below. Reducing fixed
loss, by improved device efficiencies and/or better system configuration, is the
most effective way to increase power and cooling efficiency.

¢ Proportional loss — Directly proportional to the load on the device. Doubling the load
will double the proportional loss. Reducing the load 75% will reduce the proportional
loss 75%. Examples of devices with a large component of proportional loss are vari-
able-speed fans and pumps.
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Table1

Availability issues addressed by

optimized power and cooling

infrastructure

Availability threat

Human Error

Human error has historically been a signifi-
cant cause of downtime in data centers.
With more complexity and change -
including changesthat can’'tbe seen -
comes a greater risk of mistakes and
oversights.

LI

i fﬁg Universitiy

How solved

The systems described in this paper - such
as cooling thatrespondstolocal demand,
rack-level instrumentation, and capacity
management - build intelligence into power
and cooling, minimizing the need for human
interpretation and intervention.

Unpredictable
cooling

Traditional room-based cooling is not agile
enough to handle the dynamic high-
density loads of avirtualized environment.

Row-based, managed cooling tightly
controls delivery, not only in locationbut also
in amount. Load conditions that threaten to
exceed local cooling capacity can be proac-
tively identified by the capacity manage-
ment system, and corrective action can be
taken.

Loss of cooling
redundancy

Dynamic loads can locally raise cooling
demand to the point where there is not
enough capacity to cover scheduled or
unscheduled downtime of cooling equip-
ment.

Row-based cooling units can be installed to
provide the desired redundancy for that row.
The capacity management system can warn
of insufficient or lost redundancy due to
subsequent changesinloading.

Power overloads

With increased frequency of changes in
power demand - due to reconfiguration of
physical servers or the migration of virtual
servers - comes increased risk of branch
circuit loads creeping up close to the
breaker-trip limit.

The capacity management system can warn
of load imbalances before they pose an
availability risk.
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Data center Energy Monitoring Index

Conti..
 RCI (RACK COOLING INDEX)

— RCl is a measure of how effectively equipment
racks are cooled within a given thermal guideline,
both at the high end and at the low end of the
temperature range.

— ASHRAE recommended the allowable temperature
ranges 64.4—80.6 F (18-27 C) and 59.0-89.6 F
(15-32°C), respectively.

— The RCI “compresses” the equipment intake
temperatures into two numbers—the RCI, and
the RCl,.
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Total Over-Temp )
Wl = {l ~ Max Allowable GverrTemp} 1oz
Rack Intake
Temperature
Total
Max Allowable Over-Temp
RCI(HI) = 95%
Max Recommended Total
Under-Temp
_ . ___— RCI(LO)=35%
Min Recommended [ T =

Min Allowable

Rack Intake # N

« RCl is a measure of compliance with Temperature Specifications
» 100% mean ideal conditions; no over- or under-temperatures
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(RETU RN TEMPERATURE INDEX)

— A measure of the net level of by-pass air or net
level of recirculation air in the equipment room.
Both effects are detrimental to the overall energy
and thermal performance of the space.

— By-pass air does not contribute to the cooling of
the electronic equipment, and it depresses the
return air temperature.

— Recirculation is one of the main reasons for hot
spots or areas significantly hotter than the
ambient temperature.
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RTI = (AT /AT gip) 100% = (Viggyuo! Visr) 100%  (3)

where

RTI
ATy

A TEqufp

E&'H U
VEqur'p

Return temperature index

Temperature drop across the air-handler units
(airflow weighted average)

Temperature rise across the IT-equipment (airflow
weighted average)

Total airflow rate through the air-handler units
Total airflow rate through the I'T-equipment

Interpretation of the RTI

Interpretation RTI
Balanced 100%
Net Recirculation Air >100%

Net By-Pass Air <100%
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“Three key factors in lowering energy usage

and maximizing performance
HVAC&R Res. J. 9, No. 2, 137-152 (2003)

* Minimize the infiltration of hot air into the
rack inlets.

* Minimize the mixing of hot return air with
cold-air streams prior to return to the CRAC
units.

* Minimize the short-circuiting of cold air to the
CRAC inlet.


http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

(©)

* The typical temperature difference in DP (data
processing) equipment and CRAC units is 10 °C.

To maintain the 10 °C air temperature difference
as the power dissipation of the DP racks
increases, the flow rate through the rack must
increase in direct proportion. This is not always
the case since many DP racks with higher heat
loads are now experiencing temperature
differences as high as 15 °C to 20 °C.

For a rack heat load of 4 kW, the resulting flow
rate was 20 m3/min to maintain the 10 °C
temperature difference across the DP rack.

d'&
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Perforated tile flow rates (m3/min) to
maintain an average inlet air temperature
of 10 C

Rack hear Perforated-tile flow rate hcrease in
foad (kW) im'1 ‘min) flow rare
from rife (%)
For For
AT = 2M.8°C AT =10°C
across rack (ACrOSS Fack
4 12.5 |8 -
s [® 2.5 14
12 20) 25.5 28
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Coolmg Technology in Datacom

* Air cooling

Air Cooling — Conditioned air 1s supplied to the inlets of the rack / cabinet for
convection cooling of the heat rejected by the components of the electronic
equipment within the rack. It 1s understood that within the rack, the transport
of heat from the actual source component (e.g., CPU) within the rack itself
can be either liquid or air based. but the heat rejection media from the rack to
the terminal cooling device outside of the rack 1s air.

* Liquid cooling

Liquid Cooling — Conditioned liquid (e.g., water, etc., and usually above dew
point) 1s channeled to the actual heat-producing electronic equipment compo-
nents and used to transport heat from that component where it 1s rejected via a
heat exchanger (air to liquid or liquid to liquid) or extended to the cooling ter-
minal device outside of the rack.
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Liguid Cooling Overview
— The coolants

Fluorinerts™ (fluorocarbon liquids)

* Water (or water/glycol mixtures)

Refrigerants (pump & vapor compression
systems)

Chilled Water Datacom Equipment Center

System
T b (CRWS) — cou
Direct | Datacom
CUU'"“G‘ Cnlier Equipment Cooling

System (DECS) —

5 ([

== 0
1 V I(
—— Condenser Water System Technology Cooling
(CWS) Systems (TCS)

Liquid cooling systems/loops within a data center.
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Comparison of Cooling Fluids Based on
Cooling Solution Requirements

A 2 3 £

ﬁ __:__'_p’(hff.'ﬁfﬂo Tung University

Cooling Solution Requirement Refrigerant Technology Water Based Technology

ek * %k
Capacity to Cool High Heat  Phase changing of the fluid in the system yields One-phase fluid in the system can limit capacity.
Densities higher capacities in limited space.

*k *
Flexibility to Equipment Pre-piped room and quick connect couplings can ~ Pre-piped room and quick connect couplings can
Reconfiguration and Changed allow flexibility to reconfigure. allow flexibility to reconfigure. However, reconfigu-
Room Lavout ration cannot be done without introducing water-
related risks to the data center.

L& & 1 ek

Energy Efficiency Phase changing of the fluid in the circuit yields Pumping water to the heat exchangers, located close

very good energy efficiency due to smaller pumps  to the heat source, yields good energy efficiency.
and less pressure drop in the heat exchangers
located close to the heat source.

ek ek
Provide Thermal Ride Through Due to the phase changing of the fluid contained in The water (one-phase fluid) contained in the piping
in Case of a Failure the piping circuit, thermal ride through time can be circuit, can yield some thermal ride through time.
achieved.
ok *k
Floor Space Efficiency Refrigerant technology enables floor space-saving  With water based technology, non-overhead solutions
overhead solutions. are typically used because of water related risks.
* *
Low Complexity of Cooling  Heat exchangers close to the heat source increase  Heat exchangers close to the heat source increases
Redundancy complexity of cooling redundancy. complexity of cooling redundancy.
ook *
Avoid Possibility for Water No water introduced in the middle of the data Requires careful piping layout, piping containment/
Leaks in the Data Center center. trays, detection and isolation to minimize the
possibility of a water leak.
* *
Possibility to Implement as Requires space for distribution piping (and heat Requires space for distribution piping (and heat
Retrofit exchangers) to implement. exchangers) to implement.
ok ok
Known and Comfortable Direct expansion refrigerant technology is very well Water based cooling was more common 20 years ago.
Technology known since many years. Pumped refrigerant tech- The technology is slowly becoming used again

nology is known but in a relatively new application because of increasing heat densities.
when used for data center high heat density cooling.

* Fair *& Good sk Excellent ASHRAE Transactions 2010, Vol. 116, Part 1, pp. 24-31
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Economizer (free cooling)
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E

conomizer mode

* In an economizer mode, the compressor function is
fully or partially bypassed, eliminating or reducing its

energy use. T
from within t
environment

he compressor is used to move heat
he data center to the outdoor
when the outdoor temperature is

greater than the data center temperature.

“free cooling’
modes spend

Economizer modes are sometimes referred to as

’. Most systems using economizer
most of the time in a partial bypass

mode, so part of the cooling energy is saved, but the

cooling is not

“free”.


http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

[® dz3axry

The operation of data center at partial loads increases the benefit
of economizer modes, and more designers recognize that data
centers spend a considerable fraction of their life at light load

The trend toward operation of data centers at higher IT air return
temperatures has a dramatic effect on the percent of time
economizer mode operation is possible, especially in warmer
climates.

Most new implementations of economizer modes can now operate
in a “partial” economizer mode, which greatly increases the
amount of energy saved in almost all cases.

The tools available for quantifying the energy saved by
implementing economizer modes are now improved and frequently
predict significant savings possibilities with excellent ROI.

Real-world experience with economizer modes and improvement
of controls and monitoring systems, have increased confidence that
these modes do not adversely affect the reliability of data centers.
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Serles / Parallel Operation for Economizer

In a series configuration, the component that bypasses the
compressor (e.g. plate-and-frame heat exchanger) is installed
in series with the compressor. This configuration allows for
partial economizer mode where the heat exchanger “pre-
cools” the air or water. This reduces the total heat energy that
the compressor must reject, saving a significant amount of
energy.

In a parallel configuration, the component that bypasses the
heat pump is installed in parallel with the heat pump. This
configuration prevents the ability to operate in partial
economizer mode. This “all or nothing” approach fails to
capitalize on the significant energy savings available by
operating in partial economizer mode.
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( Air-cooled direct expansion plants ]
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Air conditioner
bypass via direct

e e

Air conditioner
bypass via air heat

Air conditioner
bypass via heat

fresh air exchanger wheel
Without With Without With Without With
evaporative| |evaporative evaporative| |evaporative evaporative| |evaporative

assist assist assist assist assist assist

Air economizer modes
-
[ Chilled water plants J

P _:':—:—'_,-"::E'_ = _______'———_._\_\_\_I‘

.

Chiller bypass
via heat

chiller bypass
via dry cooler

Packaged chiller
bypass via
evaporative cooler

Chiller compressor
bypass via chiller
internal thermo-siphon

|Para|lel| | Series |

Parallel‘ ‘ Series | |Para|lel| | Series ‘

3
[
[
[
exchanger [
[
|
|
|
|
J

Water-cooled
chillers

Air-cooled chillers

[ Glycol-cooled plants ]

CRAC compressor
bypass via second coil

— T~

o — —— — — — — —

The modes highlighted in
yellow are analyzed later
in this paper since they
allow partial economizer
mode operation and

evaporative cooling.

With dry cooler

) With evaporative
cooler

Water economizer modes
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ypical Airside economizer

The concept of an airside economizer is to capture outside
air with low heat content to replace internal heat gain from

occupants, lighting and equipment when outdoor weather
condition are f?vorable

COOLING

TOWER
— '
L= = g
A i - -
ﬁ E t 1
! CoLD
ﬁ?ﬁ?ﬂﬁ SERVER ASLe SERVER
“ FILTER _ #
< a &= =5
= =
CHILLED WATER /\M :QS'{E ?&E

@ oursoe AR COLD AIR HOT AIR - HOT VATER < COLD VATER


http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

Air-side economizer

SUPPLY

N r&_ FAN

U
OUTSIDE N
AIR % D
1

/ 1P COOLING
CCONOMIZER o
DAMPERS
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conditions

Table 2.1
Class 1, Class 2 and NEBS Design Conditions

Class 1/ Class 2

Condition
Allowable Level Hocemmsnndod Allowable Level HBWIIIIIIII.‘IIM
Level Level
o O =] AL o] [P .

Temperature control rangs \urP 3 u‘k;.[ri'l:’;ij 68°F — 77°F" A1°F — 104°F= 65°F — B0°F
.'lr ; ‘ 3 araf ~ . , . .

f.t:-tumlm temperaire rate 9°F. per Hour —
of change

; : 200% - 0% .

2| L) T as . o "

REL-RN R 63°F. Max Dewpoint” (Class 1) 0% - 55%" i to 85% ¥

Tange

Filtration quality

"These conditicns are imlet conditions recommendad in the ASHRAE Publication Termad Guidelines for Date Processing

T0°F. Mix Dewpoint’ {Class 2)

65%; min. 300 _
(MERY 11, min. MERV 8"

Envirormnenty (ASHRAE, 2004,

"Percentage values per ASHRAE Sturidiord 52.1 dust-spot efficiency test, MERY values per ASHRAE Standard 52.2. Refer to
Table & 4 of this pubbication for the comespondance between MERV, ASHRAE 571 & ASHRAE 52.2 Filtrabon Standards
Telecordia 2002 GR-03-CORE

*Telecordia 2001 GR-3028-CORE

Generally acceptled telecom practice. Telecom central offices pre not genemlly humsdified. bat groamding of perscnmel is common

practice to reduce ESD

Fefer to Figure 2.7 for temperature derating with altitde

#2°F Max Dewpornt”

&z 18 A

Jatioral Chino Tung University

Air-Side Economizer Design
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A|r conditioner bypass via dlrect
fresh air
* A fresh air economizer mode (sometimes

referred to as direct air) uses fans and louvers
to draw a certain amount of cold outside air
through filters and then directly into the data
center when the outside air conditions are
within specified set points.

{Kw_m Center
‘\—‘——;E""'H\\_,-""\._f"
N\~

s ———

LY —
-
=
- -
T iy e a3
- - -
o s .-"F"'_F- 3
—— g R
- - -
,-:;‘,-'.-'—w--____-———:.!.-t__-' o
o - e i
e S e = g .
—— = ——
- —— ] - =l
— — L Tpmm——_} :.F_,.a-
- o m
=
- - - =
T i
™
il
_____

A\

pp——



http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

~Ait conditioner bypass via air  heat

exchanger
* An air conditioner bypass via air heat

exchanger mode (sometimes referred to as

indirect air) uses outdoor air to indirectly cool
data center air when the outside air

conditions are within specified set points.

s&{k Data Center
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Figure 3b

llustration of an air-to-air
heat exchanger with evapor-
ative assist (left) and an
example of a complete
cooling system with an
integrated air conditioner
bypass via air heat exchang-
er mode (right)
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Air conditioner bypass via heat

wheel

* An air conditioner bypass via heat wheel
mode uses fans to blow the cold outside air
through a rotating heat exchanger which

preserves the dryer air conditions of the data
center space

J, Data Center
EE=E

o
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Chlller bypass via heat exchanger

* A chiller bypass via heat exchanger economizer mode
uses the condenser water to indirectly cool the data
center chilled water when the outside air conditions
are within specified set points.

Data Center

-« — p—

-"'___o_ —_—

Cooling Pump
tower
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“IChiller compressor bypa
chiller internal thermo-siphon

 Some chillers offer a thermo-siphon economizer
mode option that allows the compressor to be
turned off when the outside air conditions are within
specified set points. In this mode, the chiller acts like
a simple heat exchanger. The principle of thermo-
siphon causes the hot refrigerant to naturally move
toward the cold condenser coil where is it cooled.
The cold refrigerant then relies on gravity or a pump
to travel back to the evaporator coil where it cools
the data center chilled water.


http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

“Packaged chiller bypass via dry

iélif%

f ﬁﬂ!’l il Chin o Tung Un

cooler (or via evaporative cooler)
* A packaged chiller bypass via dry cooler economizer
mode uses a heat exchanger known as a dry cooler to
directly cool the data center chilled water when the
outside air conditions are within specified set points.

Figure 6a

Packaged chiller bypass

via dry cooler mode

Figure 6b

Example of a packaged
chiller with integrated
cry cooler

Air-cooled chiller

Data Center_
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“ACRAC compressor bypass via

second coil

In this type of economizer mode, the direct
expansion (DX) CRAC includes an independent
second coil that uses the condenser water

during economizer mode operation.

Pump :
TR "k

Data Center

Figure 7

CRAC compressor bypass
via second coil mode
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mComparison of the diffe

Table1

Economizer mode
attribute

Building shell
compatibility

economizer modes

Qualitative comparison between types of economizer modes (blue cells indicate best performer for that attribute)

Air economizer modes

Air conditioner
bypass via
direct fresh air
(w/ evap assist)

May require building
shell modification

Air conditioner
bypassvia air
heat exchanger
{w/ evap assist)

May require building
shell modification

Air conditioner
bypass via air
heat wheel
(w/ evap assist)

May require building
shell modification

ren

:"Tlltn_:} Universify

Water economizer modes

Chiller bypass
via heat
exchanger s

No issue with
building shell

Packaged chiller
bypassvia
evaporative
cooler *

No issue with
building shell

CRAC compres-
sor bypassvia

second coil
(w/evap assist)

No issue with
building shell

Ability to retrofit

Not logical fo retrofit
into existing system

Not logical to retrofit
into existing system

Not logical to retrofit
into existing system

Practical if space
available

Practical if space
available

Requires swapping
out CRAC unit

Complexity of
controls

Fewer devices to
control

Fewer devices to
control

Fewer devices to
control

Most devices to
control

Moderate number
devices to control

Moderate number
devices to control

Data center

humidity control

Dependent on
outdoor humidity

Independent of
outdoor humidity

Independent of
outdoor humidity

Independent of
outdoor humidity

Independent of
outdoor humidity

Independent of
outdoor humidity

Life expectancy

20-40 years on heat
exchanger

20-40 years on heat
exchanger

20-40 years on heat
exchanger

10-15 yrs on plate
heat exchanger

10-20 years on
evaporative cooler

10-20 years on
cooling unit

Availability risks
-loss of cooling water
- poor air quality

- fire suppression

Highly susceptible o
outdoor air quality
Shutdown required
with clean agent
suppression

Low downtime risk
due to water loss.
Mo risk due to poor
air quality, or fire
suppression

Low downtime risk
due to water loss.
Mo risk due to poor
air quality, or fire
suppression

Downtime due fo
loss of make-up
water for cooling
tower

No downtime due to
water loss, poor air
quality, or fire
suppression

No downtime due to
water loss, poor air
quality, or fire
suppression

Footprint

0.41 fi2 ] kW
0.038 m? / kW

0.788 ft2/ kKW
0.073 m?/ kKW

1.72 fl2 /KW
0.16 m? | kW

1.94 f2/ kW
0.18 m? [ kW

3342/ kW
0.31 m?/ kW

202 fi2 1 kW
0.19 m? / kW

Need for backup
refrigerant mode

Fully sized backup
in case of poor
outdoor air quality

Partially sized for
extreme climates

Partially sized for
extreme climates

Partially sized for
extreme climates

Partially sized for
extreme climates

Partially sized for
extreme climates
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Table 2

Quantitative comparison between types of economizer modes

Aireconomizer modes ———————— —  — Water economizer modes

Packaged chiller CRAC compres-
bypassvia sor bypassvia
evaporative second coil
cooler ® (w/ evap assist)

. Air conditioner Airconditioner Air conditioner
Economizer mode bypassviadirect bypassviaair bypassviaair

attribute fresh air heatexchanger heatwheel
(w/evap assist) (w/evapassist) (w/fevap assist)

Chiller bypass
via heat
exchanger ®

The following atiributes are based on a 1MW data center at 50% IT load, located in St Louis, MO, U.S. See side bar for all assumptions.

Annual water 100 gal 1,262,000gal | 257,000gal | 7,000,000gal | 128,000 gal 128,000 gal

-
consumption 379L 4,777,000L | 973,000L |26,000,000L°| 485,000L 485,000 L

Capitalcostofentire | ¢35 /watt | $24/watt | $28/watt | $3.0/watt | $2.3/watt $2.0 /watt
cooling system

Annual maintenance 75% 75% 83% 100% 100% 92%
cost of entire system

Total cooling energy 737,506 340,365 377,625 589,221 736,954 960,974

ABni hors= ful 5,723 7,074 5,990 4,705 5,301 4,918
economizer mode

Annual r:murs- partial 1,686 2,770 3,604 1,773 3,800
economizer mode

Est. annual PUE o 125 1.26 1.31 1.34 1.39
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Economics of K@ @zxdry
evaporative assist

* The cost of evaporative coolers and evaporative assist in
general include the material cost, water usage, and water
treatment.

* These costs must be considered when deciding upon a data
center cooling system.

* Evaporative assist is most effective in dry climates such as Las
Vegas and Dubai. The cost of an evaporative cooler must be

balanced against its effectiveness in climates that are more
humid.

* Itis possible to spend more on evaporative cooling than is
saved on cooling system energy.
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L5 Water side economizer K

The basic principle of waterside economizer is to pre-cool some or
all of the return water in a chilled water loop with the cooling tower,
substantially reducing or even eliminating the need of mechanical
cooling. Through the use of plate and frame heat exchangers,
building heat is transferred from the chilled water loop into the
cooling tower loop and eventually dissipated into the atmosphere.

T !
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A = =
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Typical parallel waterside economizer (PWSE) flow diagram in normal
operation (left) and economizer operation (right).
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lypical series waterside economizer (SWSE) flow diagram in
normal operation (left) and economizer operation (right)
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Economizer Summary

Air-Side Economizers

Provides free cooling when dry-
bulb temperatures are below
78°F-80°F.

May increase particulates (LBNL
research indicates this is of little
concern).

Should be integrated to be most
effective.

Improves plant redundancy!

Can work in conjunction with
water-side economizers on data
centers!

Need to incorporate relief.

Water-Side Economizers

Provides low energy cooling when
wet-bulb temperatures are below
55F-60°F.

Avoids increased particulates
(and low humidity if that
concerns you).

Should be integrated to be most
effective (see previous slide).

Improves plant redundancy!

Can work in conjunction with air-
side economizers on data
centers!

Both are proven technologies on data centers!
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on Free Cooling Systems for

Data Centers in Japan
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Figure 7: Indirect free cooling system
(water-side economizer)
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Figure 5: Direct free cooling system
(air-side economizer)

AHUs air blowout conditions
Lot more than 19 degress b
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=
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2

.i- —— _ Diew pDLEl‘I: temperature
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(1) Non-humidifying and free cooling zone

(2) Humidifyving and free cooling zone

(3) Heat source load reducing zone

(4) Dehumudifying and heat source load reducing zone
(5) Dehunudifving and free cooling zone

Figure 6: Scope of the air-side economizer
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coefficient of performance (field data)
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Liquid Cooling
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Liquid Cooling

ﬂ Return Air Rack Rack
To Unit Liauid Cooled Liauid Coaked
E;rxmr&s Liquid T — Liquid F
Liquid To |- | | Liquid From uid To uid From
Electronics Electronics Electronics Electronics
CRAC Pump|D Pumpl.
Unit
Return Air w Supply Al T —
“ﬂ mmn h quid to Liquid
To:Room Liguld to Ak Heat ¥ From Room Flasr Til Heat Exchanger Floor Tiles
E =4 - B

Chilled Water 5 ar B e

Supply & Return
Supply & Return From Unit Floor Slal PPy

Floor Slab
: : : s N A AT
I e TN, AR AT RN T AR AT AT R A A 7 R AN AT AT P T, NPAPNFNIN, o,
A R A S A S N S A s

A AT

SIS

Internal liquid cooling loop restricted within rack extent. Internal liquid cooling loop with rack extents and liquid cooling loop
external to racks.

Rack
Modular Liquid —
I Ll
Coollng Unit Lot
Ligquid To -| |- Liquid From
Electronics | | Electronics
Liguid to Liguid
Heal Exchanger

Floor Tiles

Chilled Water
Supply & Return Floor Slab
A S S S A S R A S S A A S S S SRS

Internal liquid cooling loop extended to liquid-cooled external
modular cooling unit.
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Basic Piping Architecture

* Direct return

— The most basic type featuring Lt
reduced number of connection pt.
LOAD
Advantages
1. Leastexpensive to construct, uses a minimal amount of pipe, valves, and fittings.
2. Simplest to operate and understand.
LOAD
Disadvantages
1. Least reliable since only one source of cooling exists.
2. Noredundancy in piping to the load. Any pipe failure or leak or future addition
could jeopardize system availability. LoAD
3. May require additional balancing valves.

Example of direct return flow principle.
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* Reverse return

— Create a network with self-balancing PLANT

Advantages

LOAD

[am—y

Simple to operate and understand.
2. Self-balancing.

Disadvantages

[r—

Less reliable; again, only one source of cooling. LOAD

2. Noredundancy in pipe or chilled-water routes. Routine maintenance or system
expansion could require complete system shutdown.

3. A little more expensive to install than direct return (i.e., more piping required).

Example of reverse return flow principle.
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ended loop with direct feed

* Loop piping main allow a section in the main
to be maintained and repaired

PLANT

Advantages ]
1. Self-balancing. - x
2. Increased reliability over direct and reverse returns systems with two piping * *
routes to the load. ¥ T g T
3. Individual pipe sections and future equipment installations are serviceable 1 |
without system shutdown. L B | LOAD LOAD S
Disadvantages
1. Increased complexity and understanding. [ LOAD LOAD "
2. Increased installation costs. 4 _'_,
X x
e o %
LOAD LOAD
e
LOAD LOAD

RN VR
i
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Single ended with 8238 7
common cross branch

 Allow bi-direction flow in the main and cross branch

Advantages

1. Increased reliability with multiple piping routes to load.

2. Self-balancing.

3. Individual pipe sections and future equipment installations are serviceable

without system shutdown.

Disadvantages

1. Increased installation costs.

¥
—-u-u—-—E—-—u-—

2. Increased operational complexity. | e

x

et B e
B
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Double ended with direct feed

 Two connections to the plant, avoid the single
point failure

Advantages

1. High reliability. A

2. Redundant piping routes to load and a second cooling supply and return mains "
from the plant. 1 | T |

3. Redundant cooling supply and return piping from a second central plant.

4. Individual pipe sections and future equipment installations are serviceable

without system shutdown. et O° AP | o
5. Self-balancing. 1 !
Disadvantages . _
1. Increased installation costs. = =
2. Increased operational complexity. | l L | l :
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Double ended with cross branch

Advantages

High reliability.

Redundant piping routes to load and a second cooling supply and return mains
from the plant.

Redundant cooling supply and return piping from a second central plant.
Individual pipe sections and future equipment installations are serviceable
without system shutdown.

Self-balancing. -

Disadvantages ‘ Pt

Increased installation costs.
Increased operational complexity.

e

g

e ol o ol fee e
IR - f PRy ) R
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Facility or CDU

Datacom Eq. _ .

Rack or Cabinet

9

Air HX

Return <

Supply

Facility or COU

Rack or Cabinet

Return

Supply

6 7 g

1 l_{r.d"TI.tng Univcrsify

Open air-cooled datacom equipment in an air/liquid-cooled rack. Closed air-cooled datacom equipment in a liquid-cooled cabinet.

Pump
—

Optional
ptiona ~

Facility or COU

Rack or Cabinet

Dataoom q. '_

" | Liquid HX

*
~ L A _~
=} e

Return

Supply

Rack or Cabinet
“ | Datacom Eq, |
Optional ~ . T
\\r’ £ Q :
] -
\ Liquid HX
Facility or CDU N " i,
Return e L _4 -7
Supply

Liquid-cooled datacom equipment in a liquid-cooled rack. gopled rack.

Open air- and liquid-cooled datacom equipment in an air/liquid-
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Optional ”
P ~ ’ D

Rack or Cabinet

[

-——
- S
L
L
L

" | Liquid HX | ) Air HX
Facility or CDU N - L_ R
Return -~ -I‘
Supply

|

Closed air- and liquid-cooled datacom equipment in a liquid-

cooled rack.
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Overview of coolant [@® @z:dr¥
distribution unit (CDU)

Rack or Cabinet Rack or Cabinet
' Datacom Eq_| | Datacom Eq. §
: .
H :
Vapor
Vapar Compression
Compression System
System
Facility or CDU | Y Facility or CDU ]
Returmn - opeigl T
Supply Supply
Liquid-cooled datacom equipment in a liquid-cooled rack using Air-cooled datacom equipment in a liquid-cooled cabinet using
a vapor-compression system, a vapor-compression cycle.

The CDU provides a number of important benefits, as follows:

»  Prevention of condensation: It provides an opportunity for temperature con-
ditioning, which could allow the coolant to be delivered to the electronics
above the dew point.

» Isolation: It may allow the electronics to be isolated from the harsher facility
water in the CHWS or CWS loop. The loop supplied by the CDU also utilizes
a lower volume of coolant, so a coolant leak is less catastrophic.

»  Coolant flexibility: The separate loop associated with the CDU allows users
the flexibility to use any number of coolants.

* Temperature control: The separate loop associated with the CDU allows
users the flexibility of running the electronics at a desired temperature. This
temperature can be above, at, or below the dew point.
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| Characterlstlcs of tradltlonal hard

piping methods
APC white paper #131

* Carbon steel pipe schedule 40 and hard copper pipe
type L or M are most commonly used. Hard piping
requires the use of threaded, grooved, welded or
brazed fittings at every turn, at every valve, at every
branch to multiple air conditioners and at every 1.8
or 6 meters (6 or 20 feet), depending on the available
length of the pipe run. It is common to have multiple

fittings in one pipe run from the chilled water source
to the air conditioner.
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Leak

Galvanic Corrosion
Condensation

Mineral build-up (scaling)

N \\ Ad :- Nh.ﬁau:.lfcﬁ:n:- l u,,w:mn
Failure modes of hard pip

ing
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m

Underfloor hard piping instllat

Figure 1 - Traditional underfloor chilled water piping installation with branches to different air
conditioners using multiple fittings

e "fﬂn'ig Driversi

lon
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Figure 2 - Overhead piping with drain pan above racks.

Overhead hard piping mstallatlon
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Flexible piping methodology

* The flexible piping is a multi-layered composite
tubing consisting of an aluminum tubing sandwiched
between inner and outer layers of cross-linked
polyethylene. This gives the piping flexibility to be
routed through the data center with the rigidity to
stay in place. The cross-linked polyethylene or PEX
also offers excellent protection against corrosion and
the smooth interior walls and chemical properties
make it resistant to mineral buildup with hard or soft
water eliminating the risk of pinholes.
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£33, overhead flexible pipihg
installation

Figure 4 - Layout drawing of data center with flexible piping overhead

In-row CRAC Unit=0 Chilled water distribution header
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Table1

Physical attributes of hard and flexible piping

Physical
attributes

Pipe weightin kg per linear
meter (2.54 cm nominal
size pipe without water)

Carbonsteel
schedule 40

Hard copper
piping type “L”

iig University

Comparison Between Hard Piping and Flexible Piping

Flexible piping
PEX

Pipe weight in pounds per
linear foot (1" nominal size
pipe without water)

Temperature rating

Up to 399°C (750°F)

Up to 204°C (400°F)

Up to 93°C (200°F)

Rated internal working
pressure inmegapascal

19.7 MPa @ 38°C
19.7 MPa @ 93°C

3.41MPa®@ 38°C
2.79MPa@93°C

1.38MPa@ 23°C
0.689 MPa @93°C

Rated internal working
pressure in psi

2857 psi @ 100°F
2857 psi @ 200°F

494 psi @ 100°F
404 psi @ 200°F

200 psi @ 73°F
100 psi @ 200°F

Type of fittings

Welded, brazed, grooved
or threaded fittings

Soldered, brazed,
grooved or threaded
fittings

Multipress threaded or
compression fittings

Sizerange

3.2to660 mMm
(1/8" to 26™)

6.4 to 305mm
(<" to12")

12.7 to 5.08 mm (*2" to 2")
in North America
12.7 to 609 mm (32" to 24™)
inEurope’®

Termination connection

Welded, brazed or
threaded

Soldered, brazed or
threaded

Multipress threaded or
compression

Corrosion resistance

Limited, dependson the
relative humidity of the
environment and PH of

water

Very good

Excellent

Thermal conductivity

High

High

Medium to Low
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Agility

Hard piping

Slow speed of deployment due to multiple brazed joints
required.

Balancing of system is not easily accessible either under the
raised floor or above the ceiling tiles.

Non-scalable expansions or relocations require one time
engineering and downtime for other units.

P

1 University

Flexible piping

Increased speed of deployment by 40%.

Balancing of the water system is located in a centralized
accessible location.

Scalable, allows for moves, adds, changes, and future
expansions without disturbing other units.

Availability

Leak potentials at every fitting and joint decreasing reliability.

Increased reliability by eliminating intermediate joints drastically
reducing leak potential.

If leakage occurs on the main, repair may take from hours to
days depending on the leak.

If leakage occurs on a distribution branch in the data center,
repair may take several hours, causing shutdown for several
units.

If leakage occurs from the chiller to the centralized distribution
header, repair may take from hours to days depending on the
leak.

If leakage occurs on a flexible branch in the data center, new
flexible piping can be routed and repair may take up several
hours causing shutdown on one unit only.

Installation

Higher installation costs. System balancing requires more time
adding cost to start-up.

Brazed, threaded, or mechanical joints and fittings are used,
and intermediate isclation and balancing valves are required.

Lower installation cost. System start-up and balancing is less
complex with the centralized distribution system.

No brazed joints, intermediate fittings, or valves are required.

Turning radius

Allows a shorter turning radius using elbow fittings.

Minimum bending radius is 5 to 7 times the outside diameter of
the tube.

Maintainability

Visual checks for leaks at each joint and valve, visual check for
condensation at fittings and valves and visual check at
corrosion points. Water and glycol concentration measured and
validated.

Less time spent in visual checking for leaks and condensation
formation on valves at the centralized distribution header (all
valves are in one location). Water and glycol concentration
measured and validated, routine maintenance

Pressuredrop

The use of elbows for turns and mineral buildup causes
additional pressure drop

Smooth interior and larger radius turns without fittings reduce the
pressure drop for typical piping runs

White space

Piping is run underfloor or overhead, no white space is
occupied by the piping system

White space is required for the centralized distribution header in
the room.

Distances

Long pipe distances can be performed with hard pipe since
several pieces of pipe are joined through fittings.

Maximum distance recommended is 46 meters (150 ft) from the
distribution header to the air conditioners due to the complexity
that longer distances would create for the installer.

Upfrontcost
(installation
and material)

Hard pipe cost is lower but the overall installation cost is higher
due to the increased labar required for brazing and threads and
system balancing requires more time adding cost to start-up.

PEX piping has a higher cost, however the overall installation
may be lower due to the elimination of brazing or threaded fittings
and the system start-up and balancing is less complex with the
cenfralized distribution system.

Pipelocation

Can be installed outdoors or exposed to sunlight.

PEX must not be stored or installed in areas where it is exposed
to sunlight, either direct or indirect.
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Table 3

Failure mode comparison of hard and flexible piping

Punctures

Hard piping

Less susceptible to leakage due to puncture by a sharp object.

HHA Universify

Flexible piping

Mare susceptible to leakage due to puncture by a sharp object.

Single point
failures

Failure in a branching pipe causes loss of cooling in all CRACs
connected to the branch.

Failure in a line causes loss of cooling in only one CRAC.

Joint leaks

Multiple joints and fittings in the pipe increase leak potential due
to possible galvanic corrosion, failure of thread sealant over
time, poor machining of the threads, gasket deterioration in
grooved connections or poor quality of the threaded fitlings.

Reduced amount of joints - two per line per CRAC. Multipress
threaded fittings crimp the PEX-AL-PEX tube making a stronger
connection than a threaded or gasketed fitting.

Earthquake/
vibration

Vibration or earthquake movement can cause leakage at joints
and fittings.

Less susceptible to break or leak in vibration or earthquake
conditions.

Steppingon

May damage brazed or threaded fittings which can produce a
leak.

Less suscepfible to damage due to the flexibility of the pipe.

Insulation
dripping from
condensationin
the data center.

Maore potential for condensation due to difficulty to insulate
multiple valves, strainers, and fittings. Small cracks or spaces
left without insulation may cause condensation.

Less potential for condensation dug to the elimination of
intermediate valves or fitting between the distribution system and
the CRACs.

Abrasions [ cuts

Resistant to exterior abrasions or cuts

Less resistant to exterior abrasions. Cut can damage the PEX
piping exterior.

Pinholesand
mineral buildup

Susceptible to pinholes and leakage due to mineral buildup if
water is not treated periodically.

Mote: shading indicates best performance for the characteristics

Very resistant to mineral buildup due to smooth interior walls and
chemical properties.
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e The concern of water in the data center is also
reduced with a flexible piping system for three
reasons:

— The overall piping system failure rate is greatly
decreased due to the dramatic reduction in joints

— The fundamental reliability of the base piping
itself is higher

— The potential for condensation is reduced by not
having intermediate fittings or valves to insulate,
which are the main points of condensation
formation in a chilled water system.
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Water Quality Specifications—TCS Cooling Loop

Parameter Recommended Limits
pH Tto 9
Corrosion inhibitor Required
Biocide Required
Sulfides <1 ppm
Sulfate <10 ppm
Chloride <5 ppm
Bacteria <100 CFU/mL
Total hardness (as CaCOy) <20 ppm
Conductivity 0.20 to 20 micromho/cm
Total suspended solids <3 ppm
Residue after evaporation <50 ppm

Turbidity <20 NTU (nephelometric)
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Air Cooling &
Airflow Distribution
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(APC white paper #49)
e The airflow in and around the rack cabinet is critical

to cooling performance. The key to understanding
rack airflow is to recognize the fundamental

principle that IT equipment cares about two things:

— That appropriate conditioned air is presented at the
equipment air intake

— That the airflow in and out of the equipment is not
restricted.

 The two key problems that routinely occur and
prevent the ideal situation are

— The CRAC air becomes mixed with hot exhaust air before it
gets to the equipment air intake

— The equipment airflow is blocked by obstructions.
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Air system design overview

Data center layout

Airflow configurations
— Distribution: overhead or underfloor
— Control: constant or variable volume

Airflow issues
Economizers
Humidity control issues
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Air cooling issues KEIHEEERY

Limitations on the data densities served
(~200 W/ft?)

— Air delivery limitations
— Real estate

Working conditions

— Hot aisles are approaching OSHA (Occupational
Safety & Health Administration) limits

Costly infrastructure
High energy costs
Management over time
Reliability

— Loss of power recovery
— Particulates
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et Bulb Globe Temperature
(WBGT)

A composite temperature used to estimate the effect of
temperature, humidity, wind speed (wind chill) and solar
radiation on humans. It is used by industrial hygienists, athletes,
and the military to determine appropriate exposure levels to high
temperatures. It is derived from the following formula:

WBGIT =0.71, +0.21, 4+ 0.11,

Where

T,, = Natural wet-bulb temperature (combined with dry-bulb temperature indicates
humidity)

T, = Globe thermometer temperature (measured with a globe thermometer, also
known as a black globe thermometer, to measure solar radiation)

T, = Dry-bulb temperature (actual air temperature)

Temperatures may be in either Celsius or Fahrenheit

Indoors, or when solar radiation is negligible, the following formula is used:

WEBGT =0.71, + 0.31;
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APC white paper

OSHA guidelines (US only)

Work /restregimen
(hourly duty cycles)

Continuous

Light work load
Max permissible WGBT

86F (30C)

Moderate work load Heavy wor!c Ic?ad
Mass permissible

Max permissible WGBT WGBT

80F (26.7C) 77F (25C)

75% work | 25%rest

87F (30.6C)

82F (27.8C) 78F (25.6C)

50% work /50% rest

89F (31.7C)

85F (29.4C) 82F (27.8C)

25% work [ 75% rest

90F (32.2C)

88F (31.1C) 86F (30C)
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Airflow with constant volume systems

Hot spots

Higher hot aisle
temperature

Possible equipment
failure or degradation

L [
VHVAC_Supply< E VServerS
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Airflow with constant volume systems

Least hot spots
Higher air velocities
Higher fan energy

Reduced economizer
effectiveness (due to
lower return temperatures)

( L
VHVAC_SuppZy> E VServerS
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Airflow with constant volume systems

* Note most of these observations apply to
overhead and underfloor distribution

* With constant volume fans on the servers you
can only be right at one condition of server
loading!

* The solution is to employ variable speed
server and distribution fans...
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Airflow with variable volume systems

|

Partial flow condition

Best energy performance
but difficult to control

L ®
VHVAC_Supply> E VServers
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* Spreadsheet
* CFD

* Monitoring/Site
Measurements

Image from TileFlow
http://www.inres.com/Products/Tile Flow/tileflow.html,
Used with permission from Innovative Research, Inc.
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What’s the server airflow?

SUN SUN DELL DELL

V490 V240 2850 6850
num fans 9 3 n/a n/a
total CFM (max) 150 55.65 42 185
total CFM (min) 27 126
fan speed single speed |variable 2 speed |2 speed
fan control n/a inlet temp. 77F inlet |77F inlet
Form Factor (in U's) 5 2 2 4
heat min config (btuh) 798 454
heat max config (btuh) 5,459 1,639 2,222 4,236
heat max (watts) 1,599 480 651 1,241
dT min config - 13 - 3
dT max config 33 27 48 21
servers per rack 8 21 21 10
CFM/rack (hi inlet temp) 1,200 1,169 882 1,850
CFM/rack (low inlet temp) 1,200 567 1,260
max load / rack (kW) 13 10 14 12
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Best air delivery practJEs
(short summary)

Arrange racks in hot aisle/cold aisle configuration

Try to match or exceed server airflow by aisle
— Get thermal report data from IT if possible
— Plan for worst case

Get variable speed or two speed fans on servers if possible

Provide variable airflow fans for AC unit supply

— Also consider using air handlers rather than CRACs for improved
performance

Use overhead supply where possible

Provide aisle capping (preferably cold aisles, refer to LBNL
presentation for more details)

Plug floor leaks and provide blank off plates in racks
Draw return from as high as possible
Use CFD to inform design and operation
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Short stops..

Use air- or water-side economizers where
possible

Consider personal grounding in lieu of
humidification

Consider AHUs as an alternative to CRACs

Consider VSDs on fans, pumps, chillers and
towers

Refer to ASHRAE, LBNL and Uptime Institute for
more recommendations


http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

“Some data center airflow

configurations

(a) raised-floor supply;

(b) raised-floor supply/ceiling return;
(c) raised-floor supply/ceiling supply;
(d) non-raised floor/ceiling supply

—
T 1)
(a)
( b e
L v
- !

TTTTTT

(d)
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Data center layout

Server airflow front to
back or front to back and
top are recommended

<

Cold Aisle

Hot Aisle

© 2004, American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (www.ashrae.org). Reprinted by permission from
ASHRAE Thermal Guidelines for Data Processing Environments. This material may not be copied nor distributed in either paper or digital form
without ASHRAE’s permission.
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Data center layout

Underfloor Supply

Cold Aisle

Hot Aisle

Only 1 pressure —
zone for UF!

© 2004, American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (www.ashrae.org). Reprinted by permission from
ASHRAE Thermal Guidelines for Data Processing Environments. This material may not be copied nor distributed in either paper or digital form
without ASHRAE’s permission.
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CREF R
Data center layout

You can
incorporate VAV
on each branch

Overhead Supply

Cold Aisle

Hot Aisle

© 2004, American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (www.ashrae.org). Reprinted by permission from
ASHRAE Thermal Guidelines for Data Processing Environments. This material may not be copied nor distributed in either paper or digital form
without ASHRAE’s permission.
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Typical temperature profile with UF supply

Too hot Too hot

Too| cold

Elevation at a cold aisle looking at racks

There are numerous references in ASHRAE. See for example V. Sorell et al; “Comparison of
Overhead and Underfloor Air Delivery Systems in a Data Center Environment Using CFD
Modeling”; ASHRAE Symposium Paper DE-05-11-5; 2005


http://www.nctu.edu.tw/

3,

Typical temperature profile with OH supply

Too warm Too warm

Elevation at a cold aisle looking at racks
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Hot aisle lid

(©)

Aisle capping

End cap

Cold Aisle Caps

© APC reprinted with permission

Cold Aisle

Hot Aisle

© 2004, American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (www.ashrae.org). Reprinted by permission from
ASHRAE Thermal Guidelines for Data Processing Environments. This material may not be copied nor distributed in either paper or digital form
without ASHRAE’s permission.
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Aisle capping

LBNL has recently performed

research on aisle capping
Cold Aisle Caps

Cold Aisle

Hot Aisle

© 2004, American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (www.ashrae.org). Reprinted by permission from
ASHRAE Thermal Guidelines for Data Processing Environments. This material may not be copied nor distributed in either paper or digital form
without ASHRAE’s permission.
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Overhead (OH) vs. Underfloor (UF)

Issue Overhead (OH) Supply Underfloor (UF) Supply
Capacity Limited by space and aisle velocity. Limited by free area of floor tiles.
Balancing Continuous on both outlet and branch. Usually limited to incremental changes by

diffuser type. Some tiles have balancing
dampers. Also underfloor velocities can
starve floor grilles!

Control Up to one pressure zone by branch. Only one pressure zone per floor, can
provide multiple temperature zones.

Temperature |Most uniform. Commonly cold at bottom and hot at top.

Control

First Cost Best (if you eliminate the floor). Generally worse.

Energy Cost |[Best. Worst.

Aisle Capping |Hot or cold aisle possible. Hot or cold aisle possible.
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* Prevention of hot and cold air mixing is a key to all

efficient data center cooling strategies.

Both HACS and CACS offer improved power density and
efficiency when compared with traditional cooling
approaches. A hot-aisle containment system (HACS) is a
more efficient approach than a cold-aisle containment
system (CACS) because it allows higher hot aisle
temperatures and increased chilled water temperatures
which results in increased economizer mode hours and
significant electrical cost savings. Cooling set points can
be set higher while still maintaining a comfortable
temperature in the uncontained area of the data center.
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APC white paper #46
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, row, and rack based coolmg
architectures

APC White paper #130
Figure 1 - Floor plans showing the basic concept of room, row, and rack-oriented cooling
architecture. Blue arrows indicate the relation of the primary cooling supply paths to the room.
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 Room-oriented: Supplying a room but primarily
serving a low density area of mixed equipment such
as communication equipment, low density servers,
and storage. Target: 1-3 kW per rack, 323-861 W/m?
(30-80 W/ft?)

 Row-oriented: Supplying a high density or ultra-high
density area with blade servers or 1U servers.

* Rack-oriented: Supplying isolated high density racks,
or ultra-high density racks.
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Room-oriented architecture

* In room-oriented architecture, the CRAC units
are associated with the room and operate
concurrently to address the total heat load of
the room. A room-oriented architecture may
consist of one or more air conditioners
supplying cool air completely unrestricted by
ducts, dampers, vents, etc. or the supply
and/or return may be partially constrained by
a raised floor system or overhead return
plenum.
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 The room-oriented design is heavily affected by the
unique constraints of the room, including the ceiling
height, the room shape, obstructions above and
under the floor, rack layout, CRAC location, the
distribution of power among the IT loads, etc. The
result is that performance prediction and
performance uniformity are poor, particularly as
power density is increased.

 Computational fluid dynamics (CFD) may be required
to help understand the design performance of
specific installations.
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* Another significant shortcoming of room-oriented
architecture is that in many cases the full rated
capacity of the CRAC cannot be utilized. This
condition is a result of room design and occurs when
a significant fraction of the air distribution
pathways from the CRAC units bypass the IT loads
and return directly to the CRAC. This bypass air
represents CRAC airflow that is not assisting with
cooling of the loads; in essence a decrease in overall
cooling capacity. The result is that cooling
equipments of the IT layout can exceed the cooling
capacity of the CRAC.
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Row-oriented architecture

 With a row-oriented architecture, the CRAC units are
associated with a row and are assumed to be dedicated to a
row for design purposes. The CRAC units may be mounted

among the IT racks, they may be mounted overhead, or they
may be mounted under the floor.

Figure 2a — In-row cooling solution Figure 2b — QOverhead cooling solution

s \ \\. \ \“-. ’ J/ / f _,f‘f _.f'j
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- Rack-oriented architecture

 The CRAC units are associated with a rack and are
assumed to be dedicated to a rack for design
purposes. The CRAC units are directly mounted to or
within the IT racks. Compared with the room-
oriented or row-oriented architecture, the rack-
oriented airflow paths are even shorter and exactly
defined, so that airflows are totally immune to any
installation variation or room constraints. All of the
rated capacity of the CRAC can be utilized, and the
highest power density (up to 50 kW per rack) can be
achieved.
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 The rack-oriented
architecture has
other unique
characteristics in
addition to extreme
density capability.
The reduction in the
airflow path length
reduces the CRAC fan
power required,
increasing efficiency.

Figure 3— Rack cooling solution with cooling completely internal to rack
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Mixed architecture

Figure 4 — Floor layout of a system ufilizing room, row, and rack-oriented
architectures simultaneously

Row-oriented
Rack-oriented

Room-oriented
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Benefit comparison of cooling
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ational Chino Tung Universit,

architectures

Agility

System availability
Lifecycle costs (TCO)
Serviceability
Manageability
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Table 1 - Effectiveness of the room, row, and rack-oriented cooling architectures in addressing
agility challenges. Best performance highlighted in blue.

Challenge

Agility Challenges

Rack

Row

Plan for a power density
that is increasing and
unpredictable

Reduce the extensive
engineering required for
custom installations

Modular; deployable at rack
level increments targeted at
specific density

Immune to room effects;
rack layout may be
completely arbitrary

Modular; deployable at row
level increments targeted at
specific density

Complex to upgrade or
adapt; typically built out in
advance of requirement

Adapt to ever-changing
requirements or any
power density

Rack cooling capacity that is
not used cannot be used by
other racks

Allow for cooling
capacity to be added to
an existing operating
space

New loads may be added
that are completely 1solated
from the existing cooling
system; limited to rack
cooling capacity

Immune to room effects when
rows laid out according fo
standard designs; configure
with simple tools

Cooling capacity is well
defined and can be shared
across a group of racks

New loads may be added that
are completely isolated from
the existing cooling system;
each additional cooling
system increases density for
entire row

Complex CFD analysis
required which is different
for every room

Any change may result in
overheating; complex
analysis required to
assure redundancy and
density are achieved

May require shutdown of
existing cooling system;
requires extensive
engineering

Provide a highly flexible
cooling deployment with
minimal reconfiguration

Racks may need to be
retrofit or IT equipment
moved to accommodate
new architecture

Requires the rack rows to be
spaced to accommodate or
changes to overhead
infrastructure for new
architecture

Floor tiles can be
reconfigured quickly to
change cooling
distribution pattern for
power densities <3 kW

@ @z3dr¢
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Table 2 - Effectiveness of the room, row, and rack-oniented cooling architectures in addressing
availability challenges. Best performance highlighted in blue.

Challenge

Eliminate hot spots

Availability Challenges

Rack

Closely couples heat
removal with the heat
generation to eliminate
mixing

The airflow I1s completely
contained in the rack

Assure redundancy
when required

Eliminate vertical
temperature gradients at
the face of the rack

2N cooling capacity
required for each rack;
many rack cooling
systems are not
redundant capable

Heat captured af the rear
of the rack before mixing
with cold supply air

Minimize the possibility
of liquid leaks in the
mission critical
installation

Operates at warmer return
temperatures to reduce or
eliminate moisture
removal and make-up
sources. Rack targeted
cooling requires additional
piping and leakage points

Row

Closely couples heat
removal with the heat
generation to minimize
mixing

Utilizes shared N+1
capacity across common
air return

Heat captured at the rear
of the rack before mixing
with cold supply air

Operates at warmer return
temperatures to reduce or
eliminate moisture
removal and make-up
sources

Supply and return paths
promote mixing;
engineered ductwork
required to separate air
streams

Complex CFD analysis
required to model failure
modes; requires localized
redundancy

Warm air may recirculate
to front of rack as a result
of insufficient heat
removal or supply

Mixed air return promotes
the production of
condensate and increases
requirement for
humidification

Minimize human error

Standardized solutions
are well documented and
can be operated by any
user

Standardized solutions
are well documented and
can be operated by any
user

Uniquely engineered
system requires a highly
trained and specialized
operator

P 5
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Challenge

Optimize capital
investment and
available space

Accelerate speed of
deployment

| GRS S — —
Table 3 - Effectiveness of the room, row, and rack-onented cooling architectures in addressing
lifecycle cost challenges. Best performance highlighted in blue.

Lifecycle Cost Challenges

Rack

Dedicated system for
each rack may result in
oversizing and wasted

capacity
Pre-engineered system

that eliminates or reduces
planning and engineering

Lower the cost of
service contracts

Standardized components
reduce service ime and
facilitate the ability for
user serviceability. Likely
higher number of units
with 1:1 ratio to IT rack
enclosures.

Row

Ability to match the
cooling requirements to a
much higher percentage
of installed capacity

Pre-engineered system
that eliminates or reduces
planning and engineering

Standardized components
reduce service time and
facilitates the ability for

user serviceability

System performance 1s
difficult to predict,
resulting in frequent
oversizing

Requires unique
engineering that may
exceed the organizational
demand

Specialized service
contracts required for
custom components

Quantify the return on
investment for cooling
system improvements

Standardized components
for accurate measurement
of system performance

Standardized components
for accurate measurement
of system performance

Customer engineered
solutions makes system
performance difficult to
predict

Maximize the
operational efficiency by
matching capacity to
load

Cooling system will likely
be oversized and full
potential not realized.

Right-sized cooling
capacity to the cooling
load matching heat load to
installed capacity

Air delivery dictates
oversized capacity;
pressure requirements for
under floor delivery are a
function of the room size
and floor depth.

‘s
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Table 4 - Effectiveness of the room, row, and rack-oniented cooling architectures in addressing
serviceability challenges. Best performance highlighted in blue.

Challenge

Decrease Mean-Time-
To-Recover

(includes repair time
plus technician arrival,

Serviceability Challenges

Rack

Modular components
reduces downtime; 2N
redundancy required for
system repair and

Row

Modular components
reduces downtime; N+1 or
excess capacity allows for
repair without interruption

Custom spare parts are
not readily available and
require trained technician
extending recovery time

diagnosis, and parts maintenance to system performance

arrival times)

Simplify the complexity | Standardized components | Standardized components | Operation and repair of

of the system reduce the technical reduce the technical the system requires
expertise required for expertise required for trained experts.
routine service and routine service and
maintenance maintenance

Simpler service In-house staff can perform | In-house staff can perform | Routine service

procedures routine service routine service procedures require
procedures. procedures. disassembly of unrelated
Modular subsystems with | Modular subsystems with | subsystems Some
interfaces that mistake- interfaces that mistake- service items are not easy

proof service procedures.

proof service procedures.

to access when the
system is installed. Highly
experienced personnel
are required for many
service procedures.

Minimize vendor
interfaces

Learn from past
problems and share
learning across systems

Modular units designed to
integrate with a small set
of ancillary systems

Standardized building
block approach with single
rack and cooling unit
interaction maximizes
learning

Modular units designed to
integrate with a small set
of ancillary systems

Engineered solution with
multi-vendor subsystems

Standardized building
block approach with low
interactions increases
learning but with fewer
systems to learn from

Unique floor layouts all
have unique problems,
limiting learning

B K¢
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Table 3 — Effectiveness of the room, row, and rack-onented cooling architectures in addressing
manageability challenges. Best performance highlighted in blue.

Challenge

Manageability Challenges

Rack

Row

System menu must
be clear and
provide ease of
navigation

Low option configuration
allows user to navigate
through menu interface
quickly

Low option configuration
allows user to navigate
through menu interface
quickly

Highly configurable system
complicates the menu
structure. Requires
advanced service training

Provide predictive
failure analysis

Provide, aggregate,
and summarize
cooling
performance data

Ability to provide real-
time models of current
and future performance.

Cooling capacity
information at the rack
level 1s determined and
available in real time

Ability to provide near real-
time models of current or
future performance as a result
of limited control effects

Virtually impossible to
provide real-ime models of
current or future performance
due to room-specific effects

Cooling capacity information
at the row level is determined
and available in real ime.
Rack level information can be
effectively estimated.

Gooling capacity information
Is not available at the rack or
row level
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ow based cooling can improved
Cooling efficiency (APC white paper #126)

Figure 2
2a(left)
Row floor mounted cooling

2b (right)
Row overhead cooling

Lttt

Hot-aisle air enters from
rear, preventing mixing Cold air is supplied to

the cold aisle

Heat captured and
rejected to chilled

Figure 6 water

Cooling usedrow-based CRACs
with shorter air flow paths

Cold aisle

Row-based CRACs Can operat.e on hard
floor or raised floor
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Figure 7

Computer roomair
conditioner efficiency
curves comparing row-
based cooling to
traditional room cooling

> Row-based cooling units

Compared with the traditional room-
oriented approach, the airflow paths of
row-based air conditioners are shorter

and much more predictable In addition,

all of the rated capacity of the air
conditioner can be utilized, and higher
power density can be achieved. At the
same time, the usable capacity of the
perimeter (room-based) cooling system
increases and in some cases its cooling
redundancy is restored to the original
design as IT load is removed from this
system and placed into the zone.

Although not discussed in this paper,
row-based cooling is also an effective
method for entirely cooling small low-
density data rooms (1-3 rows of racks).

Cooling Efficiency
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Row based cooling

Figure 1— High-density “hot spots” that vary both in power density AND location
can resuft from dynamic virtualized IT loads

[ Crrc I |

CRAG CRAC GRAC
BEFORE virtualization AFTER virtualization

Constant loads Stable cooling Migrating high-density loads Unpredictable cooling
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Row CRACSs sense elevated temperature and When temperature decreases, row CRACS

Room CRACSs : ; ;
e increase fan speed to remove extra heat d i .
; ecrease fan speed {o conseive enel
from hot disle v

CRTUERE

Figure 2
Row-based CRACs work '
together to remove extra

heat from hot aisle
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The placement of cooling units close to the servers provides the essential element that is the
key to efficient cooling: short air paths. A short air path between cooling and the load
enables a number efficiency and availability benefits:

¢ Reduced mixing of cold supply air with hot return air

¢ [ncreased return temperature (increases rate of heat transfer to coil)
e Targeted cooling that can respond to localized demand

e Conservation of fan power

¢ Reduced — often eliminated — need for make-up humidification (to replace condensation
formed on a too-cold coil resulting from a too-low set point)

The benefits of variable, short-air-path cooling are only part of the advantage of row-based
over room-based cooling. Other significant benefits arise from the fact that row-based
cooling i1s modular and scalable, which addresses the second challenge when virtualizing:

increasing efficiency by deploying correctly sized power and cooling capacity, discussed In
the next section.


http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

Redundancy

 Redundancy is necessary in cooling systems to

permit maintenance of live systems and to ensure
the survival of the data center mission if an air
conditioning device fails.

Power systems often use dual path feeds to IT
systems to assure redundancy. This is because the
power cords and connections themselves represent a
potential single point of failure.

In the case of cooling, N+1 designs are common
instead of dual path approaches because the
common air distribution paths, being simply open
air around the rack, have a very low probability of
failure.
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Redundancy for [ J
rack-oriented architecture

* There is no sharing of cooling between racks, and no
common distribution path for air. Therefore, the only
way to achieve redundancy is to provide a full 2N
dual path CRAC system for each rack: essentially 2
CRAC systems per rack.

* This is a severe penalty when compared with the
alternative approaches. However, for isolated high
density racks this is very effective as the redundancy
is completely determined and predictable and
independent of any other CRAC systems.
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Redundancy for ®
room-oriented architecture

* |n principle, redundancy to be provided by introducing a
single additional CRAC, independent of the size of the room.
This is the case for very low densities, and gives this approach
a cost advantage at low densities. However, at higher
densities the ability of a particular CRAC to make up for the
loss of another is strongly affected by room geometry. For
example, the air distribution pattern of a specific CRAC cannot
be replaced by a backup CRAC unit that is remotely located
from the failed unit.

* The number of additional CRAC units that are required to
establish redundancy increases from the single additional unit
required at low densities to a doubling of CRAC units at
densities greater than 10 kW per rack.
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Redundancy for K

row-oriented architecture

Row-oriented architecture provides redundancy at the row
level. This requires an additional or N+1 CRAC unit for each
row. Even though the row CRAC units are smaller and less
expensive than room units, this is a significant penalty at
light loads of 1-2 kW per rack. However, for higher density
this penalty is eliminated and the N+1 approach is sustained
up to 25 kW per rack. This is a major advantage when
compared with either room or rack-oriented designs, which
both trend to 2N at higher densities. The ability to deliver
redundancy in high density situations with fewer additional
CRAC units is a key benefit of the row-oriented architecture
and provides it a significant total cost of ownership (TCO)
advantage.
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Low-Density Data Center (apc white paper #134)

High-density equipment such as blade servers, 1U servers, and
multi-core high-end servers provide more computing per watt
compared to previous generation servers. However, when
consolidated, this new generation of equipment requires
concentrated power and cooling resources. Data center
operators and IT executives are often uncertain about the
capability of their existing data center and whether a new data
center must be built to support higher rack densities.
Fortunately, a simple solution exists that allows for the rapid
deployment of high-density racks within a traditional low-density
data center. A high-density zone, as illustrated in the Figure,
allows data center managers to support a mixed-density data
center environment for a fraction of the cost of building an
entire new data center.
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The problem:

unmanaged high density

* Traditional data center design uses a raised floor to distribute
cooling to low-density IT equipment (Figure 2a). However,
when high-density equipment is randomly installed
throughout a low-density data center the cooling stability is
upset and hot spots begin to appear (Figure 2b).

Figures 2a (left) and 2b

2a- Low-density clata
center

2b - High-density hotspots

Low-density room '

Stable
cooling

Low-density room

C ncentrated high-

p nsity IT equipment

Unpredm table

— cooling
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The solution:

high density zones

* This “drop in” solution eliminates the hot spots in Figure 2b by
simply moving high-density equipment into the zone. The
heat generated from the high-density IT equipment within
this zone is rejected to the outdoors with no impact to the
existing data center cooling system or the surrounding low-

density IT racks.

Low-density room ?
TTTTTITT CITTTTTITT]
I' I
Figure3
Isolated (room-neutral) ED:D:I:D:D = z;?'g density
high-density zone [(TTITTIIT] i 8 |
1 o ]
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___________

Three basic methods
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HO -AISLE
rrrrrrrrrrrr

containment
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> High density enables
high efficiency

In traditional data centers with
room-based power and cooling,
unmanaged high-density racks can
cause destabilizing effects such as
cooling inefficiency, loss of cooling
redundancy, hot spots, thermal
shutdown, and circuit overload.

However, with today’s new power
and cooling technologies, high-
density racks offer an opportunity
for dramatically increased
efficiency and predictability, if
deployed effectively and supported
by “smart” row-based power and
cooling.

The high-density zones described
in this paper provide a way to
deploy high density while at the
same time achieving increased
overall data center efficiency by
targeted, scalable, localized power
and cooling.

HHA Universify

A high-density “island” in the room . Higﬁ-d ensity
; |
A “mini data center” with its own i - ; Zone
cooling ! i
: i SR
Thermally “invisible” to the rest of 1 : f ]'1' Tﬁm-:'rw
the room | e zans ! .. et
[’fdeaﬂyj [ D PR rqﬂicflonsjrstem
Hot/cool air circulation is localized -
within the zone by short air paths
andfor physical containment
Low-density room '
i - LTI
Basic cancapt of high _ _
density zone
OO 7% High-density
| ) | Zone
DIIEEEE | :
! , ——
[TITTITT L T HEarour
1 v To building’s heat
2l rejection system

- A high-density "Estand” in the ream
* & “mini data center” with its own
roaling

= Thermally “invisible” to the rest of
the room (ideally)

» Hotieool air clreulation |s locallzed
within the pone by short alr paths
andior physical containment
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* The system in Figure 4 integrates a cluster of high-density IT
racks with a high-density row based cooling system and high-
density UPS and power distribution system in a
remanufactured, pre-tested zone.

Hot air is exhausted to the hot aisle and
returns to the back of the air conditioners

Air conditioners return neutralized (ambient
room temperature} air to the front of the racks

i =
Figure 4 3 | | g : . . h d |
Front-view of a standardized regll ===l ) 1 il & iy ! Ty 9@ | i} i
modular multi-rack high- it 4 ¥ rack ' rack ’ ‘ rack B

density zone (no containment
in this example)

Integral row-based air conditioners
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High-density zone[ ’
containment methods

Low-density room

Three ways to create a room-neutral

“island” in a low density room
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Uncontained zones

Rely on the standard layout and widths of the common hot
aisle and cold aisle arrangement to keep hot and cold air
streams from mixing. For this reason, uncontained zones
depend on multiple racks in a row and are not effective in
cooling stand-alone IT racks. The hot and cold aisles formed

by rows of racks (and in some cases walls) are what isolate the
hot and cold air streams as illustrated in Figure 6.

— VG-
H o T |
Figure 6 1i T | -
4 - |
High-density zone ] """ L hh
with no containment :n “14
AL e
_———
P

| Hot aisle



http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

e When to use this method:

— When IT racks designated for the zone are moved
and relocated frequently

— When IT racks are used form a variety of different
vendors

* Trade-offs:

— More row-based air conditioners required at
lower densities in order to properly capture hot
exhaust air from all IT racks.
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"@@ﬂ APC White Paper #1
Hot-aisle vs. Cold-aisle Containment

Figure1

Cold-aisle containment
system (CACS) deployed
with a room-based

cooling approach
Plastic curtains
suspended from
,a»' ceiling at ends of
" codaisle
Figure 2

Example ofa "homegrown”
cold-aisle containment

system Raised floor
with perforated tiles
musuni for cold air

distribution
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COLD air free
in the room _

Figure3

Hot-aisle containment
system (HACS) deployed
with row-based cooling

Figure 4

Example of a hot-aisle
containment system
(HACS) operating asan
independent zone

Figure5

Hot-aisle containment — e e T T
system (HACS) ductedtoa . " 8 | o ; 1'% w ' Mi

remote air conditioner
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APC white paper #135
Cooling systems can be set to a higher supply

temperature (thereby saving energy and
increasing cooling capacity) and still supply the
load with safe operating temperatures.

Elimination of hot spots.
Economizer mode hours are increased.

Humidification / dehumidification costs are
reduced.

Better overall physical infrastructure utilization,
which enables right-sizing —which, in turn, results
in equipment running at higher efficiencies.
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Table1

Impact of controlling the uncontained
area temperature for a CACS and HACS

Uncontained
area

DB WBGT

24°C 17°C

75°F 63°F

IT
inlet
air
13-27°C
56-81°F

Containment

m°/s
type

CFM?®

Econ
hours

Traditional

uncontained 2814

149%

PUE

1.84

o Ting University

Comments

Baseline with 49% cold and 20% hot-air leakage1°

Scenario #1: IT inlet air temperature he

Id constant at 27°C/80.6°F

CACS

Max ASHRAE IT inlet
air temp and no limit on
uncontained area temp

27°C
81°F

41°C
106°F

28°C

azor | 6218

WBGT only 2°C/3°F below OSHA max regulations.
Includes 37% reduction in chiller power consumption.
This is due to the increased IT supply temperature which
allows for an increased CW supply temperature.

HACS

Max ASHRAE IT inlet
air temp and no limit on
uncontained area temp

27°C
81°F

27°C
81°F

21°C

Joop | 6218

WBGT 9°C/16°F below OSHA max regulations. Includes
37% reduction in chiller power consumption with
increased CW supply temperature. *Note the hot-aisle
temperature is 41°C/106°F.

Scenario #2: Temperature in uncont

ained area held

constant at 27°C/80.6°F

CACS
27°C /80.6°F max
uncontained area temp

13°C
56°F

27°C
81°F

18°C

64°F 2,075

Complies with OSHA, and complies with ASHRAE.
Includes 5% increase in chiller power consumption. This
is due to the decreased IT supply temperature which
leads to a decreased CW supply temperature.

HACS
27°C /80.6°F max
uncontained area temp

27°C
81°F

27°C
81°F

21°C

Soor | 6218

100%

1.65

Same results as HACS in Scenano #1.

Scenario #3: Temperature inuncontained a

rea held constant at 24°C/75°F

CACS
24°C I75°F max
uncontained area temp

15°C
59°F

Acceptable work environment but worse efficiency than
baseline data center in first row. Includes 15% increase
in chiller power consumption. This is due to the
decreased IT supply temperature which leads to a
decreased CW supply temperature.

HACS
24°C [T5°F max
uncontained area temp

® Total airflow (stated as % of IT airflow)

Higher efficiency, complies with OSHA, and complies
with ASHRAE. Includes 28% reduction in chiller power
consumption with increased CW supply temperature.
*Note the hot-aisle temperature is 38°C/100°F.

" Hot-air leakage occurs when hot exhaust air from servers mixes with the raised floor supply air, which
increases server inlet temperature. Cold-air leakage occurs when cold air from gaps/voids in the raised
floor mixes with return air, lowering return temperature and decreasing the cooling unit's efficiency.
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Hot aisle containment

* Hot aisle containment zones are identical to
uncontained zones except for the fact that the hot
aisle in every pair of rows is contained.

Figure?7 ( Al
High-density zone * > ‘ﬁ

with hot aisle containment * .
‘1 Contained
hot aisle
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Hot aisle containment system (HACS) efficiency benefits

Efficiency — The efficiency of the HACS will be higher because the hot aisle is capable of maintaining
higher temperatures. In a typical high density server environment the temperature difference between the
server exhaust air and the room temperature is typically around 30° F / 177 C). If the room is maintained
within ASHRAE TC9 9 standards at 72° F / 22° C, a 30° F / 17° C temperature difference, would yield a

server exhaust air temperature of 102° F / 39°F.

In a typical HACS environment the cooling units tend to move slightly more air than the servers and draw in
a small amount of room air into the hot aisle. The effect of this can cause a slight reduction (about 27 F) in
the return temperature, yielding a return temperature to cooling units of 100° F/ 38°C. The net effect of this
elevated returmn temperature (i.e., 100° F / 387 C) to the cooling unit enables better heat exchange across the
cooling coil, better utilization of the cooling equipment, and overall higher efficiency. Figure 7 gives an
example of the effect of elevated return temperatures on sensible cooling capacities (the ability of an air

conditioning system to remove heat from the air).

The effect of increasing return temperatures on cooling unit capacity holds true for virtually all air
conditioning equipment. Some equipment may have limits as to the maximum return temperature they can

handle, but, in general, all cooling systems will yield higher capacities with warmer return air.
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In the case of the HACS, hot aisles operating at 100° F / 38° C with high density servers is typical. Confrast
this with a cold aisle contained room where the entire room space would have to be maintained at 100° F /
38° C in order to achieve the same level of efficiency. While CACS would enable higher return
temperatures, the typical data center operator will not operate the entire data center room at 100 F / 38° Cin

order to achieve the same efficiency as a HACS.

Figure 7 - Effect of increased return temperature on sensible cooling capacity*

35- Containment

Sensible Cooling Capacity (kW)

72 80 85 90 95 100 105

Return Air Temperature (°F)

*APC In-row RC model air conditioner


http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

. i‘ikt'ﬁ'

f _Jf-.;_m T]:ng Univm‘sify

Improved Flexibility — Unlike CACS, a HACS does not impact the temperature of the surrounding room. A
HACS is, in effect, a room neutral solution. For example, if the temperature of the data center is set for 75°
F (247 C), and a CACS system is implemented, the room temperatures outside of the cold aisle will rise
because hot air will mix in with the air outside of the cold aisle on its way to the intake of the cooling system.
The hot air inside of the HACS is contained from the rest of the room. The HACS does not deliver any hot
air to the outside room; therefore the existing cooling system is not rendered less efficient.

A HACS can be “dropped in” to the data center without requiring any changes to the existing data center
cooling architecture. When utilizing a row-based cooling approach (as opposed to a room-based approach),
no need exists for the installation of specialized duct work and no adjustments need to be made to the

existing HVAC systems to handle elevated return temperatures.

Higher Availability — The “Cold Air Volume Sample Calculation” in Figure 5 demonstrates the differences
in cold air volume when comparing CACS volume to room volume (uncontained cold air volume is 17 times
greater than cold air in a contained cold aisle). This difference has a significant impact on the ability of the
systems to support a cooling failure (i.e_, runtime). A runtime that could be minutes in an uncontained room
scenario might only be seconds iIf a CACS approach is deployed. With HACS only the hot air is contained,
leaving the rest of the data center environment cool. Therefore, the servers will draw air from a larger pool

of cool air outside the contained hot aisle, thereby extending available runtime.
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Cold Aisle Containme

Figure 3 - Example of a home grown cold aisle containment system

Plastic curtains
suspended from
ceiling at ends of
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Figure 2 - Cold aisle containment (CACS) deployed with a perimeter cooling approach
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Cold Aisle Containmen

efficiency limitation in Room based approach

+ |nefficiencies resulting from distances and pressures required for adequate air distribution -
The single largest contributor to inefficiency in a room-based approach is the requirement to move
cold air from a perimeter CRAC unit to a distant load. A row-based cooling approach brings the
source of the cooling in close proximity to the load. As a result, much less energy Is required to
deliver the cold air to its destination. This is not the case if the data center owner chooses to
deploy CACS with row-based cooling. See APC White Paper # 130, "The Advantages of Row and
Rack-Oriented Cooling Architectures for Data Centers” for a detailed comparison of row and room

based cooling approaches.

+ Density limitations of using cold air distribution through raised floor - The practical density
limit when using a CACS approach is approximately 6 kW per rack. See APC White Paper # 46,

“Cooling Strategies for Ultra High Density Racks and Blade Servers” for details regarding the

reasons for this limitation. Higher densities can be achieved only if an investment is made in a
customized design. To address some of the limitations of the raised floor plenum, some CACS
solutions are offered with fan powered floor tiles. This improves airflow for higher density racks.
The use of additional fan assisted devices further reduces the efficiency of the CACS. The extra
fans contribute to the overall power consumption and add heat to the supplied cold air. The
efficiency gains achieved by the CACS are therefore diminished by the added requirement for floor-
based fans. This density imitation can be avoided if the data center owner chooses to deploy

CACS with row-based cooling.
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mmld Aisle Containment

efficiency limitation in Room based approach

* Predictability of the raised floor - Cold aisle containment helps improve predictability through the
elimination of hot and cold air mixing. However, it does not eliminate the variable of the raised
floor. Cabling, piping, and other obstructions are added below the raised floor as the data center
evolves. These obstructions limit the delivery of sufficient cool air to the IT equipment. Figure 4

provides an example of how air dams in the plenum under the raised floor can hinder the

Figure 4 - Raised floors become congested as data center requirements change

Cables obstruct the flow
®®  of cool air to the server
intakes

Raised floor
plenum clogged
with cables
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Cold Aisle Containmen

efﬂuency limitation in row based approach

Availability of cold air during a loss of power [ cooling - Containing the cold aisle minimizes the
overall pool of cold air available to the servers, should a loss of power and / or cooling accur. The
reduced volume of cold air results in more rapid temperature increases in the event of a failure.
Figure 5 depicts a sample data center and compares the volume of air in a contained cold aisle to
the volume of air in an uncontained cold aisle. The uncontained cold aisle shows a volume of cold
air that is 17 times greater than that of the cold air volume found in the contained cold aisle. This
reduced air volume shortens the amount of time (seconds instead of minutes) it would take for the

servers to overheat if a failure were to occur.

Figure 5 — Comparison of cold air volumes in contained and uncontained cold aisles

Cold Air Volume Sample Calculation

Room Dimensions: T I . | ‘ | \ | . | , "I' . | . | . | , | . | .

e 36 ft(11m) x 31 ft (9.4M) x 10(3m) ft

 Cold Aisle Width: 4 ft (1.2m) | I ' | ‘ | ‘ | ' | ‘ I ' | ' | ' | ‘ | ' | ' S|
L] Hot Aisle Width: 3 ft (0.9m) = m—]—l—m—w

e  Rack Height: 42U — 6.5 ft (1.99M)

e Rack Width 1.97 ft (0.6M) J [TTTTITTTTT

Contained Cold Aisle Volume =
Aft x (1.97 ftx (12 racks perrow)) x 6 5 ft =614 6 2 (17.2 M‘q‘)

Room Volume (without hot aisles) =
(36 ft x 31ft x 10 ft)— (3 ft x (1.97 x12) x 10) = 10,450.8 ft>(3,185.4 M%)

Uncontained cold air volume is 17 times greater than cold air in contained cold aisle scenario
[614.6 ft (17.2 M?) x 17 = 10,450 8 ft* (3,185.4 M?)]
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efficiency limitation in row based approach

All of the cold aisles in the entire data center must be contained in order to realize benefits -
Containing only some of the cold aisles in the data center will yield little benefit because any other
cold air that is allowed to mix with hot air will diminish any expected savings. Mixing will cause the
cooling system to operate in a less efficient manner (a smaller difference between return “hot” air
and cooling coil temperatures). To minimize mixing and to maximize cooling system efficiency, all
cold aisles must be contained. Only then will hot return air temperatures reach maximum potential

thereby allowing the cooling equipment to operate at much higher efficiency levels.

Overall perception and operation of a hot data center - ASHRAE Standard TCY9.9 recommends
that server inlet temperatures range from 68-77° F (20-25° C). When cold aisles are contained, the
air in the rest of the room becomes hotter (well above 80° F/ 27° C and in some cases as high as
100° F / 38° C), and anyone entering the data center is exposed to unusually high temperatures.
FPeople are generally alarmed when entering such hot conditions, and tours become impractical.
People's expectations need to be adjusted so that they understand that the higher temperatures
are “normal” and not a sign of impending system breakdown. This cultural change can be

challenging for workers not accustomed to entering a data center operating at higher temperatures.

When operating a data center at elevated temperatures, special provisions need to be made for
non-racked IT equipment. This is equipment that cannot be integrated into a CACS. Since, with a
CACS system, the room is a reservoir for hot air, miscellaneous devices (such as tape libraries and
standalone servers) will need to have unigue ducting in order to enable them to pull cold air from
the contained cold aisles. In addition, electric outlets, lighting, fire suppression, and other systems

within the room will need to be evaluated for suitability of operations at elevated temperatures.
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Table 1- Cold aisle containment vs. hot aisle containment summary

Characteristic

Efficiency improvements

Cold Aisle
Containment

Yes

Hot Aisle
Containment

Yes

HACS is more efficient than CACS
because HACS typically will operate
at higher return temperatures due to
isolation of the hot air from the rest of
the room.

Ability to increase cold air
supply set point without
impacting entire data center

No

Yes

With HACS cooling set points can be
set higher while still maintaining a
comfortable work environment.
Increasing CACS cooling set points
results in uncomfortably high data
center temperatures.

Leverages maximum
number of potential free
cooling days

No

Room neutral solution

No

Yes

Yes

By increasing cooling set point
containment systems allow for
increased free cooling. However,
Increasing the set point of CACS
results in increased room
temperatures which is undesirable
from a free cooling days perspective.

A HACS deployment is a “drop in”
solution. CACS impacts the
surrounding data center
infrastructure.

Ease of deployment with
room cooling

Yes

No

CACS is preferred when using room
level cooling with a free return system
which draws its return air from the
room. A HACS without in-row cooling
would require special return duct work
or celling plenum.

Ability to scale for high
density

No

Yes

CACS is often implemented with
raised floor and inefficient fan
assisted floor tiles are needed in
order to achieve higher density.

Room neutral design

No

Adverse temperature impact
on non-racked equipment

Yes

Yes

No

HACS is room neutral — it doesn't
impact the outside room temperature
in any way. CACS makes the air
outside of the contained rows hotter.

With CACS, because the cold aisles
are contained, the rest of the data
center is allowed to become hot.
Equipment outside of contained areas
would have to be evaluated for
operation at elevated temperatures.
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>Why shorter air paths increase data center efficiency

With traditional room-based perimeter cooling, cool supply air must travel further to each rack,
requiring extra fan power. In addition, if there is no raised floor there can be substantial mixing of
the cool supply air with warm exhaust air in the room, which will require lowering the supply
temperature far below what is needed at the IT racks. Hot spots can force lowering the supply
temperature even further to control overheating. Too-low supply temperature can risk condensa-
fion on the cooling coil, which results in wasteful dehumidification-rehumidification and reduction of
system cooling capacity. Long return paths similarly can cause air mixing, which lowers the return
temperature to the cooling unit. Lower return temperature slows the rate of heat transfer to the
coil, so heat is removed less efficiently.

The much shorter air paths in row-based cooling dramatically lessen mixing of supply and return
air (and with containment and blanking panels, virtually eliminate mixing). On the supply side, this
allows operation at a higher coil temperature, which takes less chiller energy to maintain and is
much less likely to cause wasteful condensation. On the return side, it produces a higher return
temperature which increases the heat removal rate. Compared to long-path cooling systems,
these combined short-path effects (1) increase operational cooling efficiency and (2) increase the
cooling capacity of the heat rejection system.
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e When to use this method:

— In cases where floor space must be conserved. This method is
popular because it consumes the same space as two rows of
low-density racks.

— In data centers with hot aisle / cold-aisle layouts
* Trade-offs:

— Hot aisle containment panels increase capital cost

— Hot aisle containment may exceed work environment policies
due to high temperature

— Incompatible with some types of cabling, power strips, labels,
and other materials that are not rated for high temperatures

— Not possible with a single row of racks

— Authority having jurisdiction (AHJ) may require fire
suppression in hot aisle
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Rack containment

Rack containment
(also called rack
air containment)
is similar to hot
aisle containment
except that the
hot exhaust air is
contained using
the back frame of
the equipment
racks and a series
of panels to form
a rear air channel.

I"'- fis 2 =
AR A ;
i [T
Figure8 A LTS
High-density zone with ‘.1"3.‘“ | | }"‘ " N'
rack containment \s\o,'_'.__ ll'. | ‘p [y
'q 1l |1 ' | I| |

Return air contained

Single rack ;‘ ;!

Figure9 “Solid rear
doors

High-density zone with
rack containment plus
optional front containment

Multiple racks |1 %"
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|® @236

Optional front
containment
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e When to use this method:

— In cases where hot aisle containment is the preferred method, but a
single odd row is left uncontained

— When frequent access to and easy management of communication
cables is required

— For complete isolation in cases such as stand-alone open data center
environments or mixed layouts — only when optional front containment
is used

— In wiring closets that lack any form of cooling, exposing high-density
equipment to high temperatures — only when optional front
containment is used

— When sound attenuation is required — only when optional front
containment is used

 Trade-offs:

— Front and rear containment panels increase capital cost

— In a single rack configuration, cost increases substantially when cooling
redundancy is required
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&<J Additional high den5|tyJ[’ """"""
zone benefits

Standardization of design elements

Compatibility with any data center, new or
existing

Configurability with dedicated UPS and power
distribution

Configurability with any level of redundancy
Configurability with any number of IT racks
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Table2
Deploying high-

densityequipment:

traditional vs.
zonedapproach

Attribute

Positioning the data
center as a source of
corporate competitive
advantage

Traditional
approach

Difficult

Zoned
approach

Comments

Simple economics - cost of doing
business is lower per unit of
computational output

Just-in-time T
deployments

Verydifficult

Deployments are highly dependent
onmodular and predictable power

and cooling which affects manage-
ment and ability to quickly deploy

Predictability of
performance

Strongly linked to data center
infrastructure efficiency

Likelihood of hot spots

Very low

Management applications insure
optimal placement of equipmentin
zones to prevent hot spots

Cooling efficiency

Excellent

Room based cooling units are
oversized to overcome under-floor
obstacles, distance, air mixing,
demand fighting, etc.

Ability to plan

Excellent

Standardization / predictability
facilitate “what-if” scenarios before
moves, adds, and changes
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Cooling distribution unit

Figure11 e
Packagedstandalone high- = -
density zone

=

Packaged chiller
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Containment Advantage

* Energy savings in servers.

* Energy savings in the facility chilling process
* Energy savings in the facility air handling units

l Containmeant \

LowersIT Fan

Enables B Piouki Enables
CRAC/CRAHFan = Operational Temp
; Located in Hot
Power Reduction Increase

Spot

|
|
& - Eliminate/ Raduce
Fact "I. il Humidification
Savings Enargy
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Table1

Comparison of zone confairvment
mathods

Salection
criteria

Minimize
foatprint

Hot aisla
containment

[ [+]
comtainment

Rack air
containment

Comments

aNO containenant and HOT AIBLE contanmen! peovide
MM fow Spacing

sRACK @r confainmesn| adds B mches o e depth of
The rack bul may be acosplabla in consobdalion
appicalions

sFromt AND rear conisinment adds 16 inches fo the
depih of the rack - should be weighed against
available Boor space

Ease of change
manageament

«Taking racks in and guf of an axsting row = mon
difficull whan contammaend systems corsirain fe rack
with hardwars, espacslly with front conlanment

Minimize enargy
consumption

=N comlainmant Eyout is closely nioed o the axshing
daka conber lagout which couid increase the number of
row-based urits

Easeof
redundancy

#HOT AISLE containiment row-based CRAC posfons
are independant of redandancy

shore row-based CRACS needad o manlain
redurdancy in rack corainmesnl

Minimize # of
row-based
CRACs
(particularly at
low dansity)

#RACK ar containment and RACK air containmant with
trent conlginmant may be lmiled since not &l rack air
an be shared amang all fow-based conlers as wilh
HOT AESLE cortainment

=N conlainment depends heavily an rack power
densly where high densibies require legss roa-besed
wonlers

=RACK @ containment and rack air contarmen with
Trant conlainment highhy-influsmesd by redundancy
|mane coclers nesded)

Sound attention

*Poor ta moderale with RACK air conlarment anby
sGo0d when usrg RACE ar conlainment with from
onkarmer

#\il reduce the decibet eved of e cooling equipment
but will nol complelsty elrminale e noise

Installationin
thermally
unstable or
non-data center
space

#Foce in moderale with RACK air contairemant only

=G00d when usng RACK ar containmeant with frord
nantaFment

sExamgies noude winng clossts, offices. and
vommensal spanes

Dependent upon varables such s mach power dersity end rumber racks

=Alhough fhe hol aisle containment has adddonal

pannls thel neeass cost. & wil regure Seear row-
based coolers than no contanmen, pasticularly i
krwves rack power denaities



http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

I® @ziary
Row Layout Improvements

Airflow path lengths are minimized to reduce fan power
Airflow resistance 1s minimized to reduce fan power

IT equipment exhaust air is returned directly at high temperature to the air conditioner to
maximize heat transfer

Air conditioners are located so that airflow capacities are balanced to the nearby load
airflow requirements
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Summary and analysis

 The modular rack-oriented architecture is the most
flexible, fast to implement, and achieves extreme
density, but at the cost of additional expense.

e Room-oriented architecture is inflexible, time
consuming to implement, and performs poorly at

higher density but has cost and simplicity advantages at
lower density.

* The modular row-oriented architecture provides many
of the flexibility, speed, and density advantages of the
rack-oriented approach, but with a cost similar to the
room-oriented architecture.
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Usable Capacity

* Most users naturally assume that if they have
500 kW of cooling units installed, they can
install and cool 500 kW of IT loads. This is
simply not the case. While a group of air
conditioning units taken together may have in
total the claimed capacity, this does not mean
that they are able to deliver this cooling to the
load. The fraction of the actual capacity that
can be obtained in the real world cooling IT
loads is called the “usable capacity”.
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Typical Usable Capacity

Figure 9 — Usable air conditioner capacity as a function of average
rack power density for the three cooling architectures
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* The usable capacity in a room-oriented architecture
appears on the surface to be 100%, because it appears
that all the capacity is pooled and sharable at the room

level. In fact, at very low power densities such as 1-
2kW per rack, this is a reasonable assumption as
shown in the Figure 5. However, this assumption

breaks down quite dramatically as the power density
increases. This loss of capacity is due to the inability of
the system to deliver the required cool air to the load.
The result is that the system must be oversized
compared with the load, resulting in a reduction in the
effective usable capacity. The lack of predictability of
the room oriented architecture creates a practical

cutoff of around 6 kW per rack as shown in Figure 5.
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Row-oriented offers the highest usable capacity across the
broadest power density range. Due to the close coupling of the
CRAC units to the load, all of the capacity can be delivered to
the load up to power densities on the order of 25 kW, or
approximately 4X the practical density capacity of room-
oriented architecture. In addition, CRAC units can share cooling
with nearby racks, which reduces the stranded capacity
problem discussed earlier which is associated with rack-
oriented architecture. However, the usable capacity of row
oriented architecture falls at very low power densities,
because air conditioning units must be assighed to every row
no matter how low the density becomes. The unusual jagged
nature of the usable capacity curve for the row-oriented
architecture is due to quantization effects, due to finite row
lengths combined with the need to assign CRAC units to specific
rows and the lack of fractional sizes for the CRAC units.
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* The usable capacity in a rack-oriented architecture is
typically significantly less than 100%. In this
architecture, each rack has a dedicated air conditioner
and therefore dedicated capacity. Whenever the actual
load in a rack is less than the rated capacity of that rack,
the remainder of the capacity of that rack is not utilized,
and furthermore cannot be utilized by any other rack. For
example, if a rack has 10 kW of cooling but only a 6 kW
IT load, the rack has 4 kW of stranded capacity that
cannot be used by any other rack. This stranded capacity
cannot be borrowed by neighboring racks for redundancy
maintenance, or any other purpose. Since real-world
racks vary significantly in power density, usable capacity
may be 50% or even lower of the rated capacity.
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Typical Electricity Usage

Figure 6 — Annual CRAC electrical costs per megawatt of IT load
as a function of average rack power density for the three cooling architectures
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~Five strategies for deployment of high

density enclosures and blade servers
APC White paper #46

* 1. Load spreading.

* 2. Rules-based borrowed cooling.
* 3. Supplemental cooling.

* 4. Dedicated high-density areas.
e 5. Whole-room cooling.
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* Cooling requirement Cooling an ultra-high
density enclosure is a much more difficult
problem than providing power. The blade
server system described above would require
approximately 2,500 cfm (cubic feet per
minute) (1,180 L/s cool air at the intake (based
on a common value of 20°F [11°C] exhaust air
temperature rise) and would exhaust the
same amount of heated air from the rear of
the enclosure.
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"~ "4 key elements in design blade

server

Supply 2,500 c¢fm (1,180 L/s) of cool air to the
enclosure

Remove 2,500 cfm (1,180 L/s) of hot exhaust

air fromt
Keep the
Provide a

ne enclosure
not exhaust air out of the intake

| of these functions in a redundant

and uninterrupted manner
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Figure 3 — Available rack enclosure cooling capacity of a floor tile as a function of per-tile airflow
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Method 1: Load spreading

* Provide the room with the capability to power and
cool to an average value below the peak potential
enclosure value, and spread out the load of any
proposed enclosures whose load exceeds the design
average value by splitting the equipment among
multiple rack enclosures.

— This is the most popular solution for incorporating high-
density equipment into today’s data centers. Fortunately,
1U servers and blade servers do not need to be installed
closely spaced in the same enclosure, and can be spread
out across multiple racks. By splitting equipment among
racks no rack need ever exceed the design power density
and consequently cooling performance is predictable.
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Method 2: Rules-based borrowed cooling

* Provide the room with the capability to power and
cool to an average value below the peak enclosure
value, and use rules to allow high density racks to
borrow adjacent underutilized cooling capacity.

— This approach takes advantage of the fact that some racks
draw less power than the average design value. The
cooling delivery and return capacity that was available to
the underutilized enclosures is available to other
enclosures in the same vicinity. A simple rule like “do not
locate high density racks near each other” has some
beneficial effect, but more sophisticated rules can be put
in place that can reliably and predictably permit enclosures
to be cooled to over twice the average design value.
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Method 3: Supplemental cooling

* Provide the room with the capability to power
and cool to an average value below the peak
enclosure value, and use supplemental cooling
equipment to cool racks with a density greater
than the design average value.

— This solution normally requires that the
installation be planned in advance to be able to
utilize supplemental cooling equipment when and
where needed. When a room has been planned in
this way, a variety of techniques can be used to
supplement rack cooling.
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* A variety of techniques can be used to
supplement rack cooling. These include:

— Installation of specialty (grate-type) floor tiles or
fans to boost the cool air supply from the CRAC to
an enclosure

— Installation of specialty return ducts or fans to
scavenge the hot exhaust air from an enclosure
for return to the CRAC

— Installation of special racks or rack mounted
cooling devices with the capability to provide the
required cooling directly from the rack
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Method 4:
Dedicated high-density area

* Provide the room with the capability to power
and cool to an average value below the peak
enclosure value provide a special limited area
within density enclosures to that area.

— This approach requires prior knowledge of the
fraction of high density enclosures, and the ability
to segregate those enclosures into a special area,
and under these constraints can achieve optimal
space utilization.
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Figure 7 - Example of a modular power and cooling system for a dedicated high density area
within a data center. Modules of 2-12 IT racks, rated at 20 kW per rack.

MNeutralized ambient- Integral rack power

temperature air retumms distribution system
to room
(Optional UPS)

 Door access
to hot aisle
and rear of IT
equipment
All hot exhaust
Integral rack air is captured
air conditioner within chamber
and neutralized
Equipment
racks take in .
ambient air : Can operate
from front on hard floor

or raised floor
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* Provide the room with the capability to power
and cool any and every rack to the peak
expected enclosure density.

— This is conceptually the simplest solution but is
never implemented because data centers always
have substantial variation in per-rack power and
designing for the worst case is consequently
wasteful and cost prohibitive. Furthermore, to
design for an overall rack power density of over 6
kW per rack requires extremely complex
engineering and analysis.
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Table2

Approach

1 Spread the load

Split equipment among enclosures
to keep peakload down

Application of the five approaches to cooling high
density enclosures

Advantages

Works anywhere, no planning
needed

Essentially free in many cases

Disadvantages

High density equipment must be
spread out even more than
approach 2

Uses more floor space
Can cause data cabling issues

HHA Universify

Application

Existing data centers, when high
density equipment is a small
fraction of the total load

2 Borrowed cooling

Provide average cooling capability
with rules to allow borrowing of
underutilized capacity

No new equipment needed
Eassentially free in many cases

Limited to about 2X the design
power density

lUses more floor space

Requires enforcement of
complex rules

Existing data centers, when high
density equipment is a small
fraction of the total load

3 Supplemental cooling

Provide average cooling capability
with provision for supplemental
cooling equipment

High density where nesded
and when needed

Deferred capital costs
High efficiency
Good floor space utilization

Limited to about 10 kW per
enclosure

Racks and room must be
designed in advance to support
this approach

New construction or renovations
Mixed environment

Location of high density
equipment is not known in
advance

4 High density area

Create a special high density row
or zone withinthe data center

Maximum density
Optimal floor space utilization

High density equipment does
not need to be spread out

High efficiency

Need to plan a high density
area in advance, or reserve
space for it

Must segregate high density
equipment

Density 10-25 kW per rack

When there is a requirement to
co-locate high density devices

New construction or renovations

5 Whole Room

Provide high density cooling
capability toevery rack

Handles all future scenarios

Extreme capital and operating
costs of up to 4X alternative
methods

May result in extreme
underutilization of expensive
infrastructure

Rare and extreme cases of
large farms of high density
equipment with very limited
physical space
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Figure 8 — Data center area per kW of capacity as a function of rack power density
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deploying high density computing equipment

IT equipment improvement

1) Ignore physical size of IT equipment and focus on
functionality per Watt consumed

Analysis

This is an effective way to minimize area and TCO.

2) Design the system to permit later installation of
supplemental cooling devices

This allows supplemental cooling equipment to be installed |ater where and
when needed on a live data center, in the face of uncertain future
requirements.

3) Choose a baseline power density for new
designs between 40 and 100 W/ ft*[0.4 - 1.1kW /
m?], with 80 W / ft* [0.9 kW / m?] (2800 W /enclo-
sure average) being a practical value for most new
designs

The baseline power density should be selected to avoid significant waste
due to oversizing, and by keeping it below 100 W/ 2 (1.1 kW / m2) the
performance and redundancy capability becomes predictable.

4) When the fraction of high density loadsis high
and predictable, establish and equip special high
density areas of 100-400 W / ft*[1.1-4.3kW / m?]
(3-12kW per enclosure) within the data center

When it is known in advance that an area of high density is needed, and
spreading the load out is not feasible. This can add significant cost, time,
and complexity to the data center design. These areas will use specialized
cooling equipment and not the typical raised floor design.

5) Establish policies and rules, which determine the
allowable power for any enclosure based onits
location and the adjacent loads

When understanding of the design capabilities is combined with power
monitoring, the implementation of rules for new equipment installs can
reduce hotspots, help ensure cooling redundancy, increase the system
cooling efficiency and reduce electrical consumption. More sophisticated
rules and monitoring can enable higher power density.

6) Use supplemental cooling devices when indi-
cated

Installing supplemental cooling devices where needed and when needed
can boost the cooling capacity of a region of a data center by up to 3X the
design value to accommodate high density equipment.

7) Split equipment up that cannotbeinstalled to
meet the rules

The lowest cost and lowest risk option, but can consume considerable
space when there are more than a small fraction of high density loads.
Many users who do not have significant area constraints choose this as
their primary strategy.
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Physical design of data center systems
(IBM J. RES. & DEV. VOL. 49, 2005, pp. 709-723)
e Layout of computer rack equipment

— Data centers are typically arranged into hot and
cold aisles.

e Air distribution configurations

— Hot rack exhaust air recirculation—A major
cooling problem.

Hot exhaust air recirculation

B alus Cda Alde Hot Amle Cold Afde

Chilled air entry

Computer-based simulation of hot-air recirculation in a raised-floor
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Figure 7 - Rack arrangement with no separation of hot or cold aisles

|

Figure 8 — Hot aisle / cold aisle rack arrangement

Upglilpg
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&3, APC white paper

Summary of rack airflow design flaws with consequences

Design flaw

#MNo blanking panels

sEquipment on shelves

#lJse of 23 inch (584mm)
racks without rail-brushes

AVETIET 1 [14Y,
consequences

sHot spots, particularly at the tops
of racks
| 0ss of cooling redundancy

TCO consequences

sEleciricity costs

#Reduced capacity of CRAC
*Humidifier maintenance
«\Water consumption

c_il':"‘rlltng Universify

Solution

«se blanking panels

o[o not use shelves

#|se racks that have no open space outside
the rails

o Add brushes outside rails on wide racks

s|Inder-rack wire openings
without brushes

«Hot spots, particularly at the tops
of racks

| 055 of static pressure in raised
floor

| 0ss of cooling redundancy

#Reduced efficiency of CRAC

|se brushes or gasketing on under-rack wire
openings

»(5lass doors
=[oors with low ventilation

« Dverheating
« Amplification of problems relating
to blanking panels

s[Decreases space and rack
utilization

e Jse fully vented doors front and rear

#lJse of fan trays and roof
fans

«\/ery little benefit
e 3ame investment could have
been used for useful purpose

#\\asted capital
#\Wasted electricity

«[)o not use fan trays or roof fans

sShallow racks

«Cable obstructions cause
overheating

s[Decreases space and rack
utilization

«|Jse racks with enough depth to allow free air
around cables
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APC white paper #49

Summary of rack layout design flaws with consequences

Table 2

Design flaw Availability TCO consequences Solution
consequences

#Racks all facing in the eHot spots
same direction | 0gs of cooling redundancy
#Hot-aisle-cold-aisle not | 0ss of cooling capacity
implemented sHumidifier failures

#Excess power consumption
«\Water consumption | Jse hot-aisle-cold-aisle layout
#Humidifier maintenance

«Not in rows s3ame problems *3ame s Arrange racks in rows

#Bay racks together
«[Jo not space racks out

=[n rows but not tightly

hutted s3ame problems *3ame

#Racks all facing in the sHot spots
same direction | 0ss of cooling redundancy

s Hot-aisle-cold-aisle not | 035 of cooling capacity
implemented sHumidifier failures

#Excess power consumption
«Water consumption | Jse hot-aisle-cold-aisle layout
e Humidifier maintenance

Table 3 Design flaw Availability TCO

. consequences consequences
Summary of load distribution °d ed

design flaws with consequences Hot spots
Concentrated Excess power

Loads Loss of cooling consumption

Spread loads
out evenly as

redundancy possible
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Table4

Summary of cooling
setting design flaws with
consequences

APC white paper #49

Design flaw

Humidity set too
high

Availability
consequences

Hot spots

Loss of cooling
redundancy

consequences

Excess power
consumption

Water consumption
Humidifier maintenance

Solution

Set humidity at 35-50%

Multiple CRAC
units fighting to
control humidity of
the same space

Loss of cooling
redundancy

Loss of cooling capacity

Excess power
consumption

Water consumption
Humidifier maintenance

Set all units to the same setting

Set 5% dead-band on hurmidity
set points

Use centralized humidifiers
Turn off unnecessary humidifiers
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Table5

Summary of air delivery and return design flaws with
consequences

TCO consequences Solution
consequences

eHot air return location not over hot eHot spots, particularly at | eElectricity costs

aisle the tops of racks #Reduced capacity of CRAC
»Dropped-ceiling lamp with integral »[ 035 of cooling «Humidifier maintenance

air return located over cold aisle redundancy «Water consumption

=| ocate hot air returns over hot aisle
«[o not use lamps with integral air returns
over cold aisles, or block the return

sElectricity costs «For overhead delivery always locate
#Reduced capacity of CRAC delivery vents over cold aisles
«Humidifier maintenance sFor raised floor delivery always locate
«\Water consumption delivery vents in cold aisles

#Overhead delivery vents over hot «Hot spots
aisles [ 03s of cooling
«\/ented floor tile in hot aisle redundancy

«\/ented floor tile near no load

«Dverhead delivery vent open above
no load

«Peripheral holes in raised floor for
conduits, wires, pipes

sElectricity costs »(Close vents or openings located where
eReduced capacity of CRAC there is no loads

s Electricity costs

#Reduced capacity of CRAC
*Humidifier maintenance
«\Water consumption

| 035 of CRAC capacity

| 035 of cooling
redundancy

#|Jse dropped ceiling for return plenum, or
extend duct to collect return air at high
point

« ow height of return vent in high
ceiling area
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Air velocity from floor grllles

* Itis important to understand that the cooling
capacity of the cabinet is directly related to the
airflow volume delivery stated in CFM (cubic feet per
minute). IT equipment is designed to raise the
temperature of the supply air by 20-30°F (11-17 C).
Using the equation for heat removal, the amount of
airflow required at a given temperature rise can be
quickly computed.

CFM or m%s = the volume of airflow required to remove the heat generated by IT equipment
€ = the amount of heat to be removed expressed in kilowatts (kW)

A°F or A"C = the exhaust air temperature of the equipment minus the intake temperature

3417 .
CFM = 3412 X0 m’ /s = 0
1.085xA°F 1.21xA°C
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APC white paper #46

e \Variations in tile airflow are undesirable but some averaging
and sharing of airflow do take place within the data center; for
this reason, individual tile airflow variations of 30% should be
considered acceptable. However, the huge variations shown
for grate-tiles in Figure 4 are not acceptable since a fraction of
rack locations would not receive sufficient cooling capacity.

Figure 4 - Airflow vaniation as a function of raised floor depth, for two different tile types ol == W1 == i 1 == Ut
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Figure 3 - Available rack enclosure cooling capacity of a floor tile as a function of per-tile airflow
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Air cooling for datacenter cooling

-common QUEStIOnS
Which one is the best ventilation scheme for air cooling the

datacom equipment?

What underfloor plenum height should one provide to allow
proper distribution?

What ceiling height is the most optimum for both raised floor
(underfloor supply) and non-raised floor (overhead supply)?

Where should one place the cabling trays and piping under a
raised floor so as to minimize airflow distribution problems?

How should one design for future growth, which
accommodates increases in datacom equipment power and,
therefore, increased cooling needs?

Where should the computer room air-conditioning (CRAC) units
be placed for the most efficient use?
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. Raised floor implementation most commenly found in data centers
today using CRAC units.

Raised floor implementation using two-story configuration with
CRAC units on the lower floor,
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- Elements of the raised floor

* The raised floor was developed and
implemented as a system intended to provide
the following functions:

— A cold air distribution system for cooling air
Tracks, conduits, or supports for data cabling

— Conduits for power cabling
— A copper ground grid for grounding of equipment

— A location to run chilled water or other utility
piping

@) & zxh A
: Nrtional Chino Tung Univer
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“The problems of using a raised floor
(APC white paper #19)

* Earthquake

* Floor loading

— The buckling (lateral) strength of the floor depends on the
presence of the tiles. Routinely pulled in a data center when
frequently required cabling changes or maintenance is
performed. This situation can give rise to unexpected
catastrophic collapse of the raised floor.

* Access

— Modern data center is around two years gives rise to the
situation where data and power cabling is subject to nearly
continuous change. The difficulty of access to this cabling when
it is under the raised floor results in delay and costs associated
with changing needs.
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e Headroom

— The loss of headroom for some data centers is not
acceptable.

— In Japan, it is common for the floor of the next overhead

level of the building to be cut out to create the headroom
required.

e Conduit

— When cabling is run under a raised floor it becomes
subject to special fire regulations. consider a fire in an air
plenum to be a special risk. Therefore, cabling under the
raised floor is required to be enclosed in fire-rated conduit,
which may be metal or a special fire rated polymer. The
result is costly and complex to install this conduit, and a
particularly difficult problem when conduit changes are
required in an operating data center.
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. distribution

— The number of branch circuits per square foot in the modern data
center is much greater than. The density of the resulting conduits
associated with this dramatic increase in branch circuits represent
a serious obstacle to underfloor air flow. This can require a raised
floor height of 4 feet (1.2 meters) to ensure the needed airflow.
Increasing the height of the raised floor compromises the
structural integrity and compounds cost, floor loading, and
earthquake issues.

* Security

— The raised floor is a space where people or devices may be
concealed.

— In the case of data centers which are partitioned with cages, such
as co-location facilities, the raised floor represents a potential way
to enter and access caged areas. This is a reason why many co-
location facilities do not use raised floor systems.
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Cost

— The raised floor represents a significant cost.

Cleaning

— The raised floor is an area which is not convenient to
clean. Dust, grit, and various items normally accumulate
under the raised floor and are typically abandoned there
since the difficulty and accident risk associated with
cleaning this area are considered to be serious obstacles.

Safety

— Atile left open poses a severe and unexpected risk to
operators and visitors moving in the data center.
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Modifications of raised floor design
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m Local Distribution Desi

* Introduce cold air to the aisle as close as possible
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Local cooling distribution using overhead cooling units mounted to
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* Reduce poor air distribution and mixing
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Local cooling via integral rack cooling units on the inlet side of the
rack.

e Cooling @ exhaust is preferred to eliminate condensate carryover
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~~—! Hot Aisle
o Containment

Figure 5.16 Local cooling units interspersed within a row of racks.
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* Overhead design provide a
higher static pressure which
normally give rise to a better
air flow distribution.

Raised floor implementation using a dropped ceiling as a hot air
return plenum.
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Raised floor implementation using baffles to limit hot-aisle/cold-aisle
“mixing.”
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Some Typical Cabinets Designs
ASHRAE Transactions, 2005, Vol. 111, pt. 2, pp. 715-724
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Figure 6 Fans on bottom and top.

 Cabinet fanin Figures 3 and 4
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F—R, . o :
— som— aisle/cold aisle” solution and
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Raised Floor Cabinet arrangements in

J Figures 2, 5, and 6 lend

Figures Fans on rear (vertical discharge). themselves to the use of the
ceiling plenum space as a return

air plenum.

Figure 3 Fans on battom.
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Data center air stream
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Data center air streams. (Note: CRAC: computer room air conditioning
unit; Server: IT equipment server; bp: bypass; c:CRAC,; f:floor; h:hall;
M:mass flow rate; n: negative pressure; r: recirculation; s: server; T:
temperature.)
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CRAC flow (Mc): total air-flow rate produced by all
operating CRAC units in the data center. This air flow rate is
normally much more than what is needed by the servers.

Negative pressure flow (Mn): air that is induced into the
floor void due to Venturi. With negative static pressure
under the floor, air will be induced into the floor void from
the space above

Bypass air flow (Mbp): this is air that leaves the floor grills
and returns directly to the CRAC unit without cooling
servers.

Recirculation airflow (Mr): air that is discharged from
servers, which returns and mixes with air entering the
servers to cool them.
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Typical temperatures for .1 ..
a legacy data center : N

T i T

Tr=21C [69.8F], return air temperature to CRAC (at
CRAC), normally the CRAC return air set point

Tc = 14 C [57.2F], discharge air temperature from CRAC (at
CRAC)

Tf =14.1C[57.4°F], floor void temperature (after room air
is drawn in), very close to Tc

Ts =21°C [69.8°F], server inlet air temperature (mixture of
grill and recirculation air)

Th = 28°C [82.4'F], server outlet air temperature (before
cold air mixes with it)
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Bypass Air: (©) LEEES

Methods to reduce

Seal air gaps in the raised floor, particularly cable
cutouts within cabinets at the discharge side of
servers

Locate floor air grills so that they supply the inlet of
servers, i.e. remove floor air grills from hot aisles and
other areas where cooling isn’t required

Ensure air velocities from floor grills are not too high,
which can cause air to overshoot the top of the
cabinet

CRAC units turned off are a source of air bypass
(consider air isolation with dampers)
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Recirculation Air: [@® 8z:d~¥
Some methods for improvement

* Fit blanking plates in cabinets where servers are not installed

* Close gaps between cabinets (where warm air can make its way
to the server inlet)

* Ensure as best as possible the adequate supply of cold air to the
server inlets

* Ensure air velocities and flows from floor grills are sufficient to
reach the top of cabinet servers

* Review air return path to CRACs and consider return air plenum
or ductwork if necessary

* Consider means to physically isolate the supply (cold) and return
(hot) air streams

e Remove obstructions under the floor that restrict cold air to
supply the server inlets
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Diagram of a Data Center with mixing of
hot and cold air - a very common cause of
power |oss.

Diagram of a Data Center
Curtains containing the
airflow in the Cold Aisles
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http://www.42u.com/cooling/hot-aisle-containment/aisle-containment-curtains.htm
http://www.42u.com/cooling/hot-aisle-containment/aisle-containment-curtains.htm
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onventional vs. Modern Hot aisle

Containment Design (Apc white paper #123)
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Ventilation Design

Some guidelines
The best ventilation scheme is a raised floor
for chilled air supply (Figure 1b) with exhaust
hot air removal from vents in the ceiling or
top parts of the walls or venting via CRAC
units (Figure 1a) that reside on the raised
floor.

The worst ventilation scheme is with
overhead chilled-air supply (Figure 1c) with
exhaust vents at the floor or at the bottom:
part.

The typical underfloor supply design (Figure
1a) can result in hot spots at the very top part
of the rack inlet. Which is due to hot air
recirculation patterns. This does not occur in
overhead supply designs. where the chilled air
is supplied from the top, leading to good
mixing at the top of the rack
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ASHRAE
Transactions, 2007,
pt. 1, pp. 206-218.
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Ventilation Design I@i@zzazs

Some guidelines (Conti..)
* If hot exhaust air from equipment and cabinets can
be directed upward into a ceiling return plenum, this
may be superior to simply having a high ceiling.

 If flexibility exists in the orientation of rows of
equipment, a layout that allows hot air unobstructed
access to the return of CRAC units (or other cooling
system returns) should be superior to a layout with
rows perpendicular to the CRAC units

* A cold aisle/hot aisle arrangement should be
followed in laying out racks within a data center: the
fronts of the racks drawing in chilled air either from
overhead or from the raised floor should face the
chilled air exhausting into the cold aisle.
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Raised Floor Plenum Height

For low raised floors (6-12 in. [0.15-0.3 m]), do not place
datacom equipment close to CRAC units since low airflow or
reverse flow can occur from the perforated tiles.

Airflow from a large number of perforated tiles can be made
uniform if perforated tiles of varying percent openings.

Partitions can be placed underneath the raised floor to
direct air into the desired areas.

It is suggested that raised floors should allow a free flow
height of at least 24 in. (0.61 m); that is, if piping and cabling
take up 6 in. (0.152 m) then the raised floor height should be
30in, (0,76 m) A large underfloor depth of 24 in. (0.61 m)
was also recommended.
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Room Ceiling Height i@ 82x4x ¥

- some guidelines

The ceiling height will depend on the type of ventilation system
that is chosen.

When the supply chilled air from the perforated tiles exceeds the
rack flow rates (110%), then increasing the ceiling height reduces
the datacom equipment intake temperatures for three cases:

— underfloor chilled air supply and room CRAC hot air return with a hood at
the top of the CRAC.

— underfloor air supply and ceiling hot air return that vents to the CRAC.
— Overhead air supply and room CRAC hot air return at the bottom of the
CRAC.

For flows from the perforated tiles equal to or less than the
datacom equipment flow rates, increasing the ceiling height can
result in increased inlet temperatures for underfloor air
distribution without a ceiling. A hot recirculation cell intensifies
over the datacom equipment with increased height.
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Room Ceiling Height

- some guidelines (Conti..)

* Increasing the ceiling height from 9 to 12 ft (2.74 to
3.66 m) reduces the rack inlet temperature by as
much as 6to 12 C (42.8°F to 53.6 F) in hot spot
regions, with small impact (inconsistent) in lower flux
regions for 6 ft (1.83 m) tall racks arranged in a hot
aisle/cold aisle fashion on a raised floor.

* Increasing the ceiling height beyond 12 ft (3.66 m)
for 6 ft (1.83 m) racks does not seem to have any
impact on rack inlet temperatures for racks arranged
in a hot aisle/cold aisle fashion on a raised floor with
underfloor supply and room CRAC return.
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Effect of Rack PIaceme[nt

- some guidelines

* Placement of high-density datacom equipment at floor
locations that have high static pressure allows the highest
possible airflow in the cold aisle adjacent to the equipment.
Typically, the highest static pressures are farther away from the
CRAC units or where the flows from two or more CRAC units
are in collision with each other.

* The recirculation of the hot air can be reduced by load
spreading. By placing lower-powered equipment near high-
powered equipment, the effect of the hot air recirculation can
be reduced.

 Flow near the end of an aisle should be considered in detail, as
recirculation can occur both around the sides and over the top
of the cabinet.
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Effect of Rack PIaceme[nt

- some guidelines (Conti..)

Some data centers have employed plastic stripes at the end of an
aisle to prevent air recirculation but allow ease of access.

If server inlet temperatures as measured by Thermal Guidelines for
Data Processing Environments (ASHRAE 2008, 2"9, Ed.) are much
less than those required by the manufacturer, then reducing airflow
by turning off or reducing the air conditioning can result in
significant energy savings.

The inlet air temperature to high-powered racks can be reduced
significantly by removing an adjacent rack. Racks in the vicinity of
the removed racks also experience a reduced inlet air temperature.

For some layouts, the best position for high-powered racks is near
the end of the aisles. However, a more recent study has found that
the outside racks at the ends of the aisles can experience more hot
air recirculation.
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~Detrimental Underfloor Blockages

- some guidelines
If possible, chilled water pipes and cabling should be
kept away from the exhaust of the CRAC units.

Underfloor blockages have the biggest influence on
flow rate uniformity through the perforated tiles.

Blockages that are parallel to the hot and cold aisles
have much lower impact than those that run
perpendicular to the aisle. This conclusion was found
when the CRAC units are located parallel tc_)_ghe
computer rack equipment aisles. '

Blockages occurring under the cold
aisle have the effect of reducing tile flow.
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&4 APC white paper #11

Figure
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Figure 4
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CRAC Unit Placement and Configuration

— some guidelines

* If flexibility exists in the placement of the CRAC units.
place them facing hot aisles rather than cold aisles,
as the underfloor velocity pressure should be
minimized in cold aisles.

* If CRAC units are aligned in parallel rows on a raised
floor, then each row of CRACs should exhaust airin a
direction that increases the static pressure across the
floor rather than CRACs exhausting such that their
plumes collide, causing decreased static pressure in
these regions and overall loss of chilled air to the
raised floor.
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CRAC Unit Placement and Configuration

— some guidelines (Conti..)

* Airflow rate distribution in the perforated tiles is uniform
when all the CRAC units are discharging in the same
direction and this distribution is poor (non-uniform)
when the CRACs discharge air in collision with each other.

* Turning vanes and baffles appeared to reduce the CRAC
airflow rate by about 15%. It is, thus, preferable that
turning vanes (scoops) not be used in CRAC units.
However, when turning vanes are used in CRAC units
facing each other, their orientation should be such that
the airflow from the CRAC is in the same direction.
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CRAC Unit Placement and Configuration

— some guidelines (Conti..)
* Racks that have a clear path of hot air back to the intakes

of the CRAC units generally show low rack air
temperatures.

* Integrating sophisticated thermal instrumentation and
control of a data center environment with the operational
parameters of CRAC units e.g., volumetric airflow rate or
chilled-air set point temperature, can result in significant
energy savings of around 50%. Variable-frequency drives
can be used to change fan speeds and, thus, CRAC airflow
rates, and the chilled air set point temperatures can be
changed via controlling the condenser conditions of the
CRAC unit.
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Effect of Aisle Spacm\[g

- some guidelines

* The most commonly found aisle spacings are 4
ft (1.22 m) aisles that are consistent with two
floor tiles for the hot aisle and cold aisle.

 With the increased server rack powers, Beaty
and Davidson (2005) suggest that the aisle
widths be increased to allow for more air in
the vicinity of the IT equipment and at a
possible reduced velocity.
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Effect of Aisle Spacing

- some guidelines

* Limiting the velocity of the air supply by the
perforated tiles has two benefits

— high-velocity air tends to blow by the inlet grilles of the
servers.

— high-velocity air near the center of the aisle tends to blow
by the intake of the servers and out the top of the aisle,
not serving any cooling benefit.

* Wider cold aisles will increase chilled air to the
servers and lower the velocity exiting the tiles,
thereby eliminating a potential "blow by" of the
high-velocity chilled air.
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R Partltlons At the End of Aisles, Above

Racks, Within Racks, and Between Racks

Placed ceiling partitions may help prevent recirculation of the
hot exhaust air into the inlets of the servers, but consideration
in the placement of these partitions must take into account local
fire codes.

To prevent recirculation within a rack, it is important to install
blanking panels for those areas of the rack that do not have
servers installed and also in those areas where there is a clear
path to the front of the servers of hot air from the rear. Gap
partitioning between the different units in a rack is helpful in
reducing rack inlet temperature.

Gaps between low-powered racks may be acceptable, since not
much airflow is needed for low-powered racks and most if not
all the air can come from the perforated tiles.
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| Partltlons At the End of Aisles, Above

Racks, Within Racks, and Between Racks

ﬁﬁs

* Gaps between high-powered racks that are arranged in a hot

aisle/cold aisle fashion need to be eliminated. They can cause
significant infiltration of hot exhaust air from the racks directly into
the neighboring cold aisles. This can lead to higher rack inlet
temperatures by as much as 6°C.

For data centers with lower-powered racks (1.5 kW/rack), the
facility's air-conditioning efficiency can be improved by about 5% by
restricting the rack air intake opening to the bottom one-third potion
of the front of the rack. Thus, the location of the intake and exit
openings can influence energy efficiency.

For data centers with lower-power racks (1-3 kW/rack), using fully
populated racks results in less hot exhaust air recirculation than
using partially filled.
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Partitions: At the End of Aisles, Above
Racks, Within Racks, and Between Racks
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Schematic of the effects of gaps and blanking panels
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Localized Cooling

* Placing the cooling near the source
of heat shortens the distance the air
must be moved. This increases the
capacity, flexibility, efficiency, and
scalability of the cooling.
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"NON-RAISED-FLOOR DESIGNS
EFFECT OF VARIOUS PARAMETERS

Use ~30 diffusers to reduce the temperatures at the top of
the racks, and do not use diffusers (blowing air straight
down) if the temperatures at the bottom of the racks need
to be cool.

Using the air supply diffuser close to the top of the racks
helps the bottom of the racks, and a larger clearance helps
the tops of the racks.

High rack heat loads can mean high rack flow rates and
better mixing, and this can sometimes drop the inlet air
temperature to the rack.

The air at the top of the rack is usually hotter than at the
bottom, even though this effect is not as pronounced as in
underfloor air supply.
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MANAGEMENT AND EFFICIENCY

e Use an air-side economizer when outside air is cooler than
data center hot exhaust air to the CRAC unit.

* Using centralized air handlers means using larger sized, more
efficient fans. Centralized units can also respond better to the
varying thermal needs of different parts of the building and
can also simplify the implementation of air-side economizers.

* Optimize the refrigeration plant using higher building chiller
water set points, variable-flow evaporators and staging
controls, lower condenser water temperature set points, high-
efficiency variable-frequency drives in chiller pumps, and
thermal storage units to handle peak loads.
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DATA CENTER ENERGY

MANAGEMENT AND EFFICIENCY, Conti..

* Localize liquid cooling of racks to augment air-handling
capabilities of existing cooling infrastructure.

* Use free cooling via a water-side economizer to cool building
chilled water in mild outdoor conditions and bypass the
refrigeration system.

e Use humidification control to prevent over-control of
humidity and use a wide set point range of 30%-70% RH.
Humidity control is very energy intensive and is not really
needed in current day servers. It is also difficult to sustain due
to susceptibility to sensor drift. Waste heat in the return
airstream can be used for adiabatic humidification.

A common control signal can be used to ensure all CRAC units
are set to the same humidity set point.
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Use high-efficiency power supplies and do not oversize the units. This
could result in savings.

Power supplies need to meet the requirements of the Server System
Infrastructure (SSI) Initiative, which is an industry-wide initiative to
promote standardization of interfaces between server components
such as the board., the chassis, and the power supplies.

Use high-reliability generation units as the primary power source with
the grid as backup, and also use waste heat recovery systems such as
adsorption chillers. This can allow the elimination of backup power
sources such as uninterruptible power supplies (UPSs).

Use high-efficiency UPS systems. For battery-based power backup, use
as high a load factor as possible with at least 40% or higher of the
rated capacity. This may require the use of smaller battery-operated
UPS systems in parallel.

Use power conditioning to operate the system in the most line-
efficient mode for line reactive systems.


http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

[® @z:ax4
Effect of ancillary equipment
APC white paper #139

* ancillary equipment: any stand-alone equipment not
arranged in standard alternating hot aisle / cold aisle
rows.

* In typical data centers, this equipment includes devices
such as switches, storage equipment, networking gear,
and power distribution equipment. This equipment is
generally lower in power density and accounts for
approximately 5-10% of the IT load power for most data
centers; however, depending on the business
application, (e.g., a company whose primary application
is data storage), this can be significantly higher.
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Figure 2

Sample datacenter layout
with row cooling and
ancillary ITeguipment
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* The temperature distribution remains fairly uniform
after the ancillary equipment is added. While there
are the expected hot areas at the exhaust locations
of the ancillary equipment, the intake air remains
relatively cool as denoted by the light blue areas.
The ancillary equipment is being effectively cooled
by the row cooling units.

Figure 4

CFD images of data center
with and without ancillary
load. Withancillary load,
temperatures are different
but reasonably uniform over
respective row-based and
ancillary areas.

Without Ancillary Load With Ancillary Load
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 The placement of the ancillary loads have an impact on
the temperature of the ancillary area.

* When the room is oriented like option “d”, the ancillary
equipment is more isolated (in an alcove) from the main
row-based area. In this case, the aspect ratio, or ratio of
the width (W) to length (L) has a significant impact on
the temperature in this area.

* For the other three layouts, the aspect ratio has
negligible impact.

a b c d
Figure5 L
Placements of ancillary : L
equipment in the data center Lo - Wi L
w, o w

[ Row-based IT & coolingarea | ¢ Ancillary IT area


http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

(©) LEERE
Effect of blanking Panels

* In the case of front-to-back airflow, the rack, the equipment,
and the blanking panels provide a natural barrier, which
greatly increases the length of the air recirculation path and
consequently reduces the equipment intake of hot exhaust air
as illustrated in Figure 3B. However, these key functions do
not hold for equipment with side-to-side airflow.

Figure 3

Aircirculation through a
missing blanking panel
(front-to-back airflow)

3a. (left)
Without blanking panels

3b. (right)
With blanking panels

AN

N 10
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' Coolmg Options for Rack Equipment with
Side-to-Side Airflow (Apc white paper #50)

* Frequently, equipment with side-to-side airflow is mounted in
open-frame racks to facilitate cooling. However, this has a
very serious consequence when racks are placed in a row with
equipment in adjacent racks. Under this condition equipment
may have its air intake in direct alignment with the exhaust of

adjacent equipment.

Figure 4

Router with side-to-side
airflow
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Figure5

Equipment with side-to-
side airflow in open frame
racks



http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

"~ "Open rack frames with increased
inter-rack spacing

* Open frame racks are
commonly used for
equipment with side-to-
side airflow. However,
they do not prevent
airflow from adjacent
equipment from entering
air intakes, and they do
not provide any
significant separation of
the exhaust air from the
intake.
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Figure 6

Dispersion effect of air on
staggered equipment in
open frame racks
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Figure 7

Top-frontview perspective
of side-to-side airflow
supported ina single rack
using an side-to-side
airflow
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Table1
Side-ta-side airflow cooling o thoos

Side-to-side
airflow variables

Openframeracks
with increased inter-
rack spacing

Power density

Side-to-side cooling methods

Supplemental fan

Side air distribution

Floor space
optimization

Cooling system
efficiency

Total cost of
ownarship (TCO)

Predictable supply
of cool air at intake

manage

Side-to-side
egquipmant
reliability

s[ipcreases equipment
reliability

Datacenter
planning

= Simpifiss fubure planning by
aliowng standardized racks
10 be placed ampwhens in the
data conter

Rack level physical
security

«Rack level physical security

Recommended
application

#|=oiafed racks in & low
darsdty snaronmant

»[iata cenlar with hal aisle |
cold @isle design and frond-
{o-back aiflow emaonments

Mode: shading indicates beat performance for vanable
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uidelines specific to cooling
from various switch and router

 Have a minimum air space of 6 inches between walls
and the chassis air vents.

 Have a minimum horizontal separation of 12 inches
between two chassis is required.

* Avoid placing the chassis in an overly congested rack.

* Do not place equipment near the bottom of the rack,
because it might generate excessive heat that is
drawn upward and into the intake ports of the
equipment above, leading to over temperature
conditions in the chassis at the top or near the top of
the rack.
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Guidelines specific to cooling

from various switch and router (Conti..)
Never install the chassis in an enclosed rack that is not
properly ventilated or air-conditioned.

Install the chassis in an enclosed rack only if it has
adequate ventilation or an exhaust fan; use an open rack
whenever possible.

Use baffles inside the enclosed rack to assist in cooling the
chassis.

Planning the proper location and layout of your equipment
rack is essential for successful system operation.

Unit is intended for installation in restricted access areas.
A restricted access area can be special tool, lock and key or
other means of security.
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Some Thermal
Measurements
Guidelines
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Environmental classifications

Class 1: Typically a data center with tightly controlled environmental parameters
(dew point, temperature, and relative humidity) and mission critical operations;
types of products typically designed for this environment are enterprise servers and
storage products.

Class 2: Typically an information technology space or office or lab environment
with some control of environmental parameters (dew point, temperature, and rela-
tive humidity); types of products typically designed for this environment are small
servers, storage products, personal computers, and workstations.

Class 3: Typically an office, home, or transportable environment with little control
of environmental parameters (temperature only); types of products typically
designed for this environment are personal computers, workstations, laptops, and
printers.

Class 4: Typically a point-of-sale or light industrial or factory environment with
weather protection, sufficient winter heating, and ventilation: types of products typi-
cally designed for this environment are point-of-sale equipment, ruggedized
controllers, or computers and PDAs.
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Controlled Environment

e Control of humidity within the data center is

essential to ensuring proper operation of the
IT equipment.

 Humidity levels that are too low can cause a
static electric discharge.

 Humidity levels that are too high can cause
media failures in tape devices and other types
of equipment failures
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Why humidity control?

(APC white paper #58)

* The low humidity cooling air moving
throughout the data center itself can be a
source of static electricity every time it moves
across an ungrounded insulated surface and
must be guarded against by maintaining
proper humidity levels.

Table 1— Comparison of static electrical buildups at different relative humidity levels

Action Static buildup at 80% RH  Static buildup at 20% RH
Walking across ungrounded raised floor tile | 250 Volts 12,000 Volts

Walking across synthetic carpet 1500 Volts 35,000 Volts
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EXIHUMIDIFICATION CONTROLS

* Data centers often over-control humidity,
which results in no real operational benefits
and increases energy use, as humidification
consumes large amounts of energy.
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PRINCIPLES

— Humidification is very energy intensive. Dehumidification
incurs even higher energy costs since the air is usually
cooled to below 45°F to condense out water and then is
reheated by an electric heater to ensure the supply air is
not too cold.

— Modern servers do not require extremely tight humidity
control and typical data centers cannot actually provide
tight humidity control due to sensor drift.

— Centralized humidity control can keep all units serving the
same space in the same humidification mode, eliminating
simultaneous humidification/dehumidification common
when using independent Computer Room Air Conditioners
(CRACs) controls.
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— Utilize adiabatic humidifiers and evaporative cooling for

humidification whenever possible. Waste heat in the
return air stream can be used to drive adiabatic
humidification ‘for free’ when the outside air is too cold
for adiabatic systems.

Computers do not emit humidity, nor do they require
‘fresh’ outdoor ventilation air, so a well designed and
controlled data center should have minimal humidity
loads. Ensure outside air economizer, if present, is properly
controlled to prevent unnecessary humidification loads.
Provide a tight architectural envelope and optimized
pressurization controls to minimize humid or dry outside
air (OSA) infiltration.
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Lower humidity limit - sl

* Mitigate electrostatic discharge (ESD)

— Recommended procedures
e Personnel grounding
e Cable grounding
— Recommended equipment
* Grounding wrist straps on racks
* Grounded plate for cables
* Grounded flooring
* Servers rated for ESD resistance
— Industry practices
e Telecom industry has no lower limit

* The Electrostatic Discharge Association has removed humidity control as a primary
ESD control measure in their ESD/ANSI S20.20 standard

— Humidity controls are a point of failure and are hard to maintain
— Many data centers operate without humidification
— This needs more research

* And for some physical media (tape storage, printing and bursting)

— 0Old technology not found in most data centers
— It is best to segregate these items rather than humidify the entire data center
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Humidification

* The integration of humidification equipment into air
conditioners as is commonly done is fundamentally
flawed, and that humidification should be separate from
air conditioning equipment and done at the room level.
This is for three reasons:

— Higher density installations may have a large number of CRAC
units no matter which architecture is chosen; there is no
technical need to have as many humidification units and there
are many practical disadvantages, such as maintenance, of having
large numbers of them.

— When a room has a number of humidifiers it is difficult to
coordinate their operation, resulting in a waste of water and
electricity.

— Cold air can accommodate less moisture and attempting to force
moisture into the cold air output stream of an air conditioner is
inefficient or not possible depending on saturation.
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equipment and environment
humidity guidelines

Table 2 — Humidity guidelines for IT equipment, computer rooms and data centers

Equipment or Room Type  Allowable RHrange Recommended RHrange Maximum Dew Point

Typical IT equipment 20-80% Check product literature Not Applicable
Wiring closets 20% - 80% 40% - 55% T0°F
Computer rooms and data centers | 20% - 80% 40% - 55% 63°F

Maximum dew point temperatures are provided to establish criteria to reduce the chances of condensing

humidity, especially when the IT environment is subject to rapid temperature change.
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Humidity Control

* The best way to control humidity in the IT
environment is to minimize the things that
cause humidity levels to change and maximize

the performance of the systems designed to
regulate humidity.

— Minimizing factors external to the IT environment
that affect humidity

— Minimizing factors internal to the IT environment
that affect humidity
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of humidification systems

e Steam canister humidifiers introduce liquid water into a canister
containing electrodes. When the electrodes are powered water is

boiled and steam (water vapor) is produced. The steam is introduced
via a tube into the air stream to be humidified.

* Infrared humidifiers suspend quartz lamps over an open pool of
water. The effect of the intense infrared light on the surface of the
water is the release of water vapor that migrates into the air stream
requiring humidification.

e Ultrasonic humidifiers rapidly vibrate water to create a fog or mist
that is introduced into the air stream requiring humidification.

Table 3 — Characteristics of humidifiers

Type of Humidifier Capital Cost Operational Cost Maintenance Cost
Steam Canister Low High Low
Infrared Low High Low

Ultrasonic High Low High
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Humidity Measurement

* The single most important place to maintain

proper relative humidity is at the cooling air
intake opening on IT equipment.

Figure 1— Server airflow and rack enclosture measuring point

Typical Rack Enclosure Mounted Server Rack Enclosure /\/’
. ) Single temperature

Cooling air exhaust

¥ / humidity || Fig
v 100°F measuring point: 3
>’ 22% RH Front upper of rack
55°F Dewpaint near equipment
Cooling air intakg face

75°F e
50%RH ﬁf :
55°F Dewpoint

Front-to-Back airflow

i
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Most computer room air
conditioners and air handlers
measure the humidity level of
data center air as it returns into

the unit from the IT environment.

Figure 3 shows the monitoring
points on a down flow unit.

This data is used to control the
operation of humidifiers if they
are installed within the unit. The
standard user interface on most
precision cooling units provides
readout of the relative humidity
when requested.

Figure 3— Cooling system return air humidity monitoring
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Table 3 — Characteristics of humidifiers

Type of Humidifier Capital Cost Operational Cost Maintenance Cost
Steam Canister Low High Low
Infrared Low High Low

Ultrasonic High Low High
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m CRAC Monitoring

APC white paper #40

Figure 2 - Supply and return temperature monitoring points
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Figure 5 - Available rack enclosure cooling capacity of a floor tile as a function of per-tile airflow.
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hermal Measurements - Gwdelmes
Thermal guidelines for data processing environments 2"9, Ed., ASHRAE 2009

1. Asshown in Figure 3.1, establish at least one point for every 10-30 ft (3-9 m) of
aisle or every fourth rack position.

2. As shown in Figure 3.2, locate points midway along the aisle, centered between
equipment rows.

3. As shown in Figure 3.3, where “110‘[ aisle/cold aisle™ configuration is employed,
establish points in cold aisles t:}n]y,
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Figure 3.1 Measurement points in aisle.

Figure 3.2 Measuremen! points between rovs,
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Equipment Monitoring positions

1. Measure and record temperature and humidity at the geometric center of the air
intake of the top, middle, and bottom racked equipment at 50 mm (2 in.) from the
front of the equipment. For example, if there are 20 servers in a rack, measure the
temperature and humidity at the center of the first, tenth or eleventh, and twentieth
server, as shown in Figure 3.4. For configurations with three pieces of equipment
or less per cabinet, measure the inlet temperature and humidity of each piece of
equipment at 50 mm (2 in.) from the front at the geometric center of each piece of
equipment, also as shown in Figure 3 .4.

2. All temperature and humidity levels should fall within the specifications for the
class environment specified in Table 2.1. If any measurement falls outside of the
recommended operating condition as specified by Chapter 2, the facility opera-
tions personnel may wish to consult with the equipment manufacturer regarding
the risks involved.
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Case A: For equipment that is [U to 3U in height, arrange the monitor points
as shown in Figure 3.5.

Case B: For equipment that is 4U to 6U in height, arrange the monitor points
as shown in Figure 3.6.

IU to 3L Server

Monitor Points, 3 places

\

Monitor Points

\
\

Figure 3.5 Maonitor points for 1U to 3U equipment.

Monitor Points,
0 places

i

Rack with 2 Servers

410 to 6L Server

: Rack with 19 Servers

Figure 3.4  Monitor points for configured racks.
Figure 3.6  Monitor points for 4U to 61 equipment.
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* (Case C: For equipment that is 7U and larger in height, arrange the monitor
points as shown in Figure 3.7.

*  (Case D: For equipment that has a localized area for inlet air, arrange the mon-
itor points in a grid pattern on the inlet as shown in Figure 3.8.

* (Case E: For equipment cabinets with external doors, monitor the temperature
and humidity with the cabinet in its normal operational mode, which typically
will be with the doors closed.

$ - "“\-.HH
ot
e Monitor Paints,

Monitor Poimnts.
9 places = ~ number varies -
< e based on size of inlet e

TU and Up Server

e, -
=~ ~~ Server with localized
|~ arealorinlet air

. Fi 3.8 Monit ints fi i t with localized cooling,
Figure 3.7  Monitor points for 7U and larger equipment. gare A R A PR L R e
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Equipment room airflo

W

Intake

Perforated Tiles
Raised Floor
Under-floor Supply Air

Cold Aisle
Hot Aisle

— Air Duct with Diffusers
Equipment Frame
Cable Racks

Air Return

Example of hot and cold aisles with underfloor coolii

Front Aisle ~~
Hol Aisle

Rear Aisle

Example of hot and cold aisles for non-raised floor.
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Cold Alsle

Hot Alsle

Equipment

' \ Aisle Pitch (7 Tiles)

Seven-tile aisle pitch, equipment aligned on cold aisle,

I Aisle Pitch Allocation
Maximum
Space
Allocated for
Adsle Piteh Equipment
{cold aisle to Nominal Cold with No Hat Adsle
Tile Size cold aisle)” Aisle Size® Overhang® Size
LS. N 14 1 41 42 in. in
(Ol mm) (4267 mm) (1220 mm) {1067 mm) (914 mm)
Glabal| 600 mm 4200 mm 12000 mm 1043 mm 914 mm
(23.6 in.) (13,78 fi) (3.94 ) {41 in.) (3f)

a, |f considering o pitch other than seven floor tiles, 1t is ndvised 1o Increase or decrease the pitch in whale nle
increments. Any overlang into the cold sisle should take into sccount the specifie design of the front of the mck
anad how it aifects access 1o the tile and fow through the tile

ls, ."\11r|!|||l|t| |.1||'|'||;|i|.|1.'||'| AHSLMIES i OV {I'I\.‘I:Il.ll'; less 1f1:|'|'||:|! doaf ||u:|:i|_1r‘|t|_ ENIElS,

c. Typically a one meter rack 15 1070 mm deep with the door and would overhang the front tile 3 mm fora LS,
configuration nnd 27 mm for global configurntion.

[ 'Tlfﬂg Universify

Cold Aisle Hot Aisle

Equipment

i: Auasle Pitch (7 Tiles)

Seven-tile aisle pitch. equipment aligned on hot aisle,


http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

Tung University

Top (T)

Side, Left (SL)

Rear (R)
Front (F) Side, Right (SR)

Bottom (B)

Figure 4.1 Syntax of face definitions.

gy &
o U o

Sl S L Yag L

Front to Rear (F-R) Front to Top (F-T) Front to Top and Rear (F-T/R)

Figure 4.2 Recommended airflow protocol.
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Figure 2.

Under raised-access floor blockage.

'Tlfng Universify


http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

& - -
@ Mzxd £y
» National Chino Tlm_q Unilwl'sfl‘y

Some
calculations/verifications
from existing publications
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Journal of Electronic

Packaging, MARCH 2011, Vol. 133/
011004-1

e
82 338 ¢

e
N
R R
A
Server Racks Server Racks
CRAC To CRAC Unit
—f =t == —f> 4>
e S T e /N
1\ 1\ $ 24°C

\._,_. [ S — \_- 4—J 24‘10._. \
Fig. 1 A raised-floor data center f“'" 2 | '. 24.,(':" 2 KW '“""\
- - = =
I ! et o .
0.15 m?/s, 12.8°C 0.15 mifs, 12.8°C
Loaertttttres, |
. ig. equired airflow supplie
s put g q pp
To CRAC Unit
CRAC Server Rack Perforated Tile & =
/) o / 0.075 m/s b 0.075 miis

CT 1w [2ec 200 g T

&
[IRIREI] I

0.075 mi/s, 12.8°C 0.075 mi/s, 12.8°C

Fig. 2 The hot aisle/cold aisle arrangement
Fig. 5 Insufficient airflow
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| Factors Affecting the Airflow Distribution

Journal of Electronic Packaging, MARCH 2011, Vol. 133/ 011004-1

* Relationship Between the Flow Field in the
Plenum and Flow Rates Through Perforated
Tiles.

—1
t
C

ne flow rate through a perforated tile depends on
ne pressure drop across the tile, that is, the

ifference between the plenum pressure just

below the tile and the ambient pressure above
the raised floor.

— plenum height
— open area of perforated tiles
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irflow and Cooling in a Data Center ™
Journal of Heat Transfer. JULY 2010. Vol. 132 / 073001-1

Fig. 8 Layout for a small test data center

B Measurements B Calculations
0.4%

010 |
w
% 0os
"
™
xr ooo
3
i

008 | CRAC

L£10

Tile Number t

Fig. 9 Comparison of measured and calculated airflow rates v s
(the tiles are numbered from left to right) Velocity decreases, pressure increases

Fig. 7 Maldistribution of airflow and its cause
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Flow Rate (m’/s)

025

020

05

005

.00

0105

T a8 10 1" 12
Tile Number

Fig. 13 Flow rates through perforated iiles for the base case

SR
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Effect of the Plenum Height

208 58 27 00 27 54 .MI 08 147 208 650

mh
o
S
=

o
1] 1 3 4 5 [}
= X "‘ '}

Fig. 14 Pressure distribution and velocity vectors under the
raised floor for the base case (plenum height=12 in. (0.3048
m); the pressure values are in Pa)

-8 -58 27 00 27 54 &80 1.ﬂl 147 208 B50

¥y {m)

Fig. 16 Pressure distribution and velocity vectors under the
raised floor for plenum height=6 in. (0.1524 m) (the pressure
values are in Pa)

0.4 j T 7 7 T ¥ T ¥ 7 i 7
286 88 27 00 X7 54 80 WH 4T 208 B850

e 0.3

“
.E. .._E_,.. 0.2
= 2

[v]

g 0.1

o

L. /]
Fig. 17 Pressure distribution and velocity vectors under the 01 5 o 35 15
raised floor for plenum height=24 in. (0.6096 m) (the pressure Tile Number

values are in Pa)

Fig. 15 Effect of plenum height on the airflow distribution
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Effect of open area

0.4 , — .

Open Area
Open area = 10%
Cipan Area = 158%
Dpan Area = 25% /
0.3 e 3N Araa = 0% |
o -
0
E
— 0.2
@
e |
m
I 0.1
o
L
Q==
l.-fr.
0.1 1 |

: 10 15
Tile Number

Fig. 18 Effect of open area of perforated tiles on the airflow
distribution
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Effect of Under-Floor Obstructions

Effect of a Circular Pipe as an Obstruction
—6in. pipe @ 12 in. plenum

Fig. 19 A circular pipe as an under-floor obsiruction (onlv the
centerline of the pipe is shown) 025

0320 -

015 -

0.0 =

Flow Rate (m*/s)

005

0.00

L 1 .
0.05 3

1 L L L | 1 1
78 9 0 1 12 13 14 15
Tile Number

Fig. 20 Flow rates through perforated tiles as affected by the circular-pipe obstruction


http://www.nctu.edu.tw/
http://www.nctu.edu.tw/

Effect of Under-Floor Obstructions

Inclined partition

Fig. 22 Use of inclined partitions in the under-floor space

025 025
020k 020}
FO5F BOF
E E
2 o0} 5 0.10
o
& oosh i gos
000
lllllllllllllll 'l 1 1 L 1 1 1 1 1 1 L 1 1 1 1
VOS24 5 6 7 & 9 10 11 12 13 14 15 A3 4 s 6 7 & 9 10 11 1213 14 15
Tile Number Tile Number
No partitions With inclined partitions

Fig. 23 Airflow distribution with and without inclined partitions
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Effect of Under-Floor Obstructlons

a :"Tlf ngq Universityy

L
perforated partitions o
-Ed1l __E.m
!um !nu
Partition 1 Partition 2 | |
l l L1
= * u“%ﬁlﬂ#ﬁ‘ﬁ‘r‘h‘; 'NHIlil-l.rlIWI1ll'1!I¢lh
= : Tie Masmtar Tl B
T : £ ' T Mo partitions With panitions {708 and 30%)
| | ‘ | ‘ ‘ | | ‘ Fig. 25  Airflow distribution with and without performtesd partiisns (70 and 5050
1|2 |s|afs|8| 7| @a|efto|11]|12])13]|14]15
I ' [ |
Fig. 24 Use of perforated partitions in the under-floor space bbb oy I
T Tim Numiter Tin Mumbsr

Mo partitions

Wilh paritions (75% and 50%)

Fig. 28 Alrflow dhtsibuton siilh and without perfoemed pariSons [75% amd 50

e H—l—i—H;!.—H—.'ﬁ‘.—é—'.H 0

Mo partilisns

e o i e O T T
Tiks Bt

Wilh pariitions (B0% and 65%)

Fia #7  Airflow distribubon with and withoul periorated parisions (6 wed B850
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Our experiences to improve

mal-distributiongz—w e s e e v

18.5 120
3 9 9 0.785 13.5 5 110
116 3.5 90
7 7 1.298 18.5 5 120
214 ¢ 12 12 0.196 19 6 120
213 L 2 9 9 0.349 19 5 120
7 7 0.557 19 5 120
2.0 B
g ooa ¢
iog 1.mm
U-type, rectangular header
g b == 15 L i, o= 00120 o
—— =] &= > =T
i i - 2 ., &
ooz g A T . 1
—r—G=i L i Vi :
000 i i i M i i " i i B b =T
1
o 1 2 3 4 5 & 7 8 9 10 D=1
MO, al tube 1
. . . . L |
{a) Flow ratio of the rypical rectangular header for U-type flow. ) i L. L ,_
016 T
3-way )
m1a § Pump valve Filter Magnetic flow meter @
1 ———C—ix¢ Py &
L1
012 |
\
<} Outlet header -’—D U-type
Z-type ‘
410 T EiIn g Pressure tap
] Tank 2 hole 0.5mm
g oooa S
Water thermostat g | |
D
G 06 2 @ @
L-type, rectangular header i
0.0d —-l-—-:--- 5 _i" F=00142 Distance between |
il L "":' two adjacent tubes
a0z g S 3 o are 10mm
J=13 alis A D
=—T—=p=d L fanim, S T
000 . . . . Z : S
i 1 2 3 4 5 & 7 & 3 143
M. of tube NO.9 ||~
{b) Flow ratio of the tvpical rectangular header for Z-type flow

Inlet header

Fig. 2. Flow rano of the rectangmlar header for U-tvpe and Z-type Oows.
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Unit : mm

LF 90

16 - -85 -

90
B1d ) : (a) Diagram of the modified header (b) Diagram of modified header with a
with a trapezoidal blocker. multi-step blocker.
0.12 o Unit: mm
A Plate thickness Is Tmm
S 5 Thash [ twao aclj holes are 3mm
.10 )
m: L |:>-j-l!-u:n-_sfar.-\;u.:-.-t:-".--:-cuczr:-m:\c;r_-r_un-:u-30(‘-(-:3
B naz bl
E ; P =
ot (c.2) The dimensions of the #1 baffle
= oy = Z-type smulishon L=90, =1 Laen, #=0023% Dlate. Unit: mm :
e gl‘fp‘?mm$:}5 Plate thickness is 1mm
k.04 soalbon Dotype pewalaion, L=90, =2 Lieen, =0 (200 | el e EaTE A 'I"helailsrjarul:albfl\-\llal?nll\-v\ln ?ci‘af:arrrhulas are 4mm
.02 —-ﬁ—-I-Wprm:gninm_l.:“l'l_ﬁ:l[Inm_-t:Ff:!l-‘ . - ; . DD O 000000 00 eDne
: ~ T — (c.1)The inclined baffle plate installing i e
T E-Iype i eim =30, 0= i, ¥ =0.135¢ :
340 r . T W ?" i = L‘L _L 7 in the header = B El -
: . —— =
0 i 3 ) ‘ 2 . = : 2 it . . (c.3) The dimensions of the #2 baftle
NO.of tube (c) Diagram of the modified header and baffle plates.

F.ig. 7. Numerical simulation of flow ratio for Z-type flow vs. data.

Unit:mm
The distance between two hole 15 10mm

& 7 Hole Hole Hole Hole Hole Hole Hole Hole Hole
L # #2 O#3 O ® #5 #5 #7 #B w9
?@ [ 0 6 0 0.6 6 06 0]

90

(d) Modified header with installed baffle (d.1) Dimensions of baffle tubes.

Hole Hole Hole Hole Hole Hole Hole Hole Hole
Baffle tube #1 #2 #3 #4 #5 #6 #7 #8 #9
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (num)

#1 4 3.7 3.2 32 3.2 3.2 32 3.2 32
#2 4 3:5 3 3 3 3 3 3 3
#3 3.7 32 2.8 2.8 2.8 2.8 2.8 2.8 2.8
#4 3.5 3 2 2 2 2 2 2 2
#5 3 2.2 L.5 1.5 1.5 135
; | #6 2.8 2 2 2 1.2 1.2 1.2 1.2
z ﬁ:ﬁ #7 3.8 2.2 L.5 1.5 LS 1.5 1.5 125 5

(e) The hole diameters for 7 baffle tubes

Fig. & Veloaty sinmlation in 9+ 9 mm header with 90 nun length and D mun fubes i 1 Dkt of ths oditied Hieadses
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Fig. 4. Flow ratio of the modified header with multi-step blocker for U-tyvpe and Z-type

L-type, header with #1 haffle plate
i (= (5 L i, & =0 0067
—8— = 1L, = 00108
—8— =L & = 00164
—o— =1L {mm, 4 =00178
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(a) Flow ratio of the modified header with #1 baffle plate for U-type flow.

0.14
i 012
0.10
I B 008
0.06
- U-type, multi-step header 00
I —— o 015 L mm, & s i
—@= =1L/ mn, d=0.0142 007
——G= 2L/ min, #=0.0214
== =1 L/tan, =001
iy =4 L/ min, B= 00189 0.00
(] 1 2 3 4 > [ T E a 10
HO. of tube
ia) Flow ratio of the nulti-step header for U-type flow.
016
.14
0.12
010
g 0.08
.06
Z-type, multi-step header
L i = GO L $ =00154 0.04
—— =1 L/ pin, &= 09171
—a— (=11 min, O =0022] .02
i —— = 3L min, § =0 076
e (3= . LA, O = 007 3H
4] 1 1 3 a 5 [ 7 8 a 10

KO, of tube
(1) Flow ratio of the wuln-step header for Z-ryvpe ow

flows

Z-type, header with #1 baffle plate
=i 5 L/ min, 4 = 00113
—B—= 1T fmm, b =00188
—a— 0= 7 L {pin, & =0 03283
e D AL S, B = G02E5

i —'i:-—';- 4L EIIEL, L —_C D244 o

1] 1 3 4 3 il 7 & a 10

NO. af tube

[

(b} Flow ratio of the modified header with #1 baffle plate for Z-tvpe flow.

Fig. 5. Flow ratio of the modified header with #1 baffle plate for U-type and Z-type flows
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{a) Flow ratio of the modified header wirh #2 baffle plate for U-rype flow
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ib) Flow rano of the modified header with #2 baffle plate for Z-tnype flow.

Fig. 6. Flow ratio of the modified header with #2 baffle plate for U-type and Z-type flows.
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Fig. 9. Flow ratio of the modified header with #7 bagfle mbe for U-rype and Z-1ype

flows,
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Fig.11. Comparison of the total pressure drop across mlet and outlet headers.
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End Effects

* |nsufficient cooling occurs
near and far away from the
CRAC.

Temperature in C

Fig. 29 Temperature distribution on the inlet faces of the racks
(insufficient cooling airflow)

Fig. 28 A simple data center model with one CRAC, several
racks. and perforated tiles (insufficient cooling airflow)

Fig. 30 Temperature distribution and velocity vectors on a
plane (insufficient cooling airflow)
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Fig. 1. Demonstration of heat recirculation: heated air in the hot aisle

loops around the equipment 1o enter the air inlets. Fig. 32 Temperature distribution and velocity vectors on a
horizontal plane

e The former is due to mal-distribution near
the CRAC location.

* The latter is due to the hot exhaust
circulation (heat recirculation).

IEEE TRANSACTIONS ON PARALLEL AND DISTRIBUTED SYSTEMS, VOL. 19, pp. 1458-1472, 2008
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Gaps Between the Rack

* Normally, the racks are placed ina row in a
contiguous manner. However, occasionally, there
may be gaps between them. For example, in
practice, gaps are created by removing a rack
from a row. It is easy to see that the gaps provide
additional places where the “end effects” can be
observed. Hot air from the back of the racks can
enter the cold aisle through the gaps and
influence the inlet temperatures of the racks. An
obvious remedy is to close the gaps by using
impermeable plates or partitions.
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High_velocity Flow Through the

Perforated Tiles
 The heat loads of modern server racks can be very high 10—

20 kW

— Corresponding airflow demand may be of the order of 1.0 m3/s.

— Air emerges from the perforated tile at a velocity of 3 m/s.

— With this high-velocity stream flows over the inlet face of the rack,
would the cooling air enter the rack or simply flow past it?

— The high-velocity airflow does create a low-pressure region at the
bottom of the rack. The server fans in the bottom region deliver a
lower flow rate compared with the uniform-pressure environment.

— Fortunately, this flow reduction is not large. For realistic values of
the flow resistance inside a server rack and for common fan
curves, the flow reduction at the bottom of the rack is less than
15%.
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Use of Above-Floor Partitons

* The success of datacenter cooling

— keeping the hot air away from the inlets of the
server racks.

Fig. 35 Use of partitions to prevent hot air from entering the
inlets of the racks
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Server Racks Server Racks

DN { g L3 N
4 +
N < N —J

—

v ¥

Fig. 36 A schematic of the drop-ceiling arrangement

Fig. 37 Use of the drop ceiling
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* Originally, the attractions of the raised-floor design were its simplicity and
flexibility. One could easily move server racks to new locations and simply
place perforated tiles next to them to provide cooling air. No ducting was
involved. The use of a drop ceiling requires ducting of the return airflow to
the CRAC units. This makes it difficult to relocate the CRACs.

 Moving any racks to new locations requires the relocation of the vents on the
drop ceiling in addition to the movement of perforated tiles.

 The use of ducted racks presents additional problems. Relocating the racks is
now even more difficult. Further, the flow rate provided by the CRAC blowers
should match the flow rate demanded by the internal fans in the server racks.

 The most serious concern is what happens when one or more CRAC units fail.
Then the above-mentioned matching of the flow rates does not hold any
more. Since the airflow exhausted by the server fans cannot be handled by
the remaining CRAC units, hot air will flow from the space above the drop
ceiling into the room below through the extra vents provided. This hot air can
directly enter the server racks causing a catastrophic failure.
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Short Summary

Significant progress had been made for datacenter
thermal managements during the past decades.

Some guidelines are available but normal designs are
still in a “case by case” basis for complex interactions
amid building configuration, heat transfer, air flow, IT
equipment and zoom layout.

Recirculation/bypass/negative pressure elimination is
regarded as the most important issue for air flow
management.

Flow distribution is the most crucial problems in
thermal managements, it depends on various
parameters. This is especially critical for a air cooling
system.

CFD is a viable tool in thermal management of
datacenter.
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