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Introduction

A recent IT industry study identifiedower and
cooling as the top two concernsof data center
operators. For exampl®licrosoft and Google are
building ultra-large data centers in the
Northwest where electricity costs are low.
However, few companies who rely on their IT infra-

structure have the freedom or budget to relocate fo

low electricity cost areas. Most companies mus
look for other solutions to reduce power and cooling
costs. Recent advances in airflow control for

data centers improve cooling and lower energy

costs with utility savings paying for the upgrades in
a year or less. New airflow control technology
applies to any size data center from 1,000 sq. ft. t
100,000 sg. ft. Solutions are scalable, so they af
cost effective.

Problem Statement

Data center professionals have traditionally bee
forced to focus their attention on introducing and
maintaining high availability hardware and software
under strict deadlines, often with little advance]
notice. Now with both power densities and energy
costs rising; cooling and power require more
systematic attention. Evaluations conducted by
DegreeC on more than a dozen data centers ha
determined that many of the causes of poor coolin
are widespread. In most cases these problems g
easily corrected without disrupting IT operations.

Common Problems of Data Center Cooling

Most data centers are run far below their Network
Critical Physical Infrastructure (NCPI) capacity for
cooling. While a certain margin is desireable for
safety and redundancy, running at data center at 3
50% of capacity, as many do, causes significarn
waste and results in improper cooling.

Here are the common causes of poor and inefficier
cooling, found in all but the newest and fully
airflow-engineered data centers.

1. Mixing. When hot and cool airstreams combine
they increase rack intake temperatures, whic
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. Recirculation. When hot air from server
intakes

. Dehumidification.

. Underfloor Vortex.
CRAC placement reduces floor pressure

. Poor Return Path. Hot air that has no

10.Low CRAC Return

causes server failure. They also lower thg
temperature of the air returning to the

Computer Room Air Conditioners
(CRACs). Both are undesirable con-
ditions.

exhausts is drawn into server
instead of returning to the CRAC. This
overheats the equipment at the top of th
racks.

. Short Circuiting. When cool air returns

directly to the CRAC before doing any
cooling work; This reduces the CRAC
return air temperature.

. Leakage. Cool air being delivered

uncontrolled, usually by cable cutouts.
This cool air is both wasted and reduce
CRAC return air temperature.

When the CRAC

return air is below the dewpoint of the
cooling coils. Rehumidifying is expensive
and reduces overall cooling capacity.

. Underfloor Obstructions. Cables, pipes,

conduits, junction boxes, all impede the
normal flow of air and cause unpredictablg
flow through perforated tiles.

Poorly planned

and produces insufficient cooling in the
affected locations.

. Venturi Effect. Racks placed too close to
the CRAC will not get enough cooling

because the cool air exiting the CRAC at

high velocity limits flow from the
perforated tile. In extreme cases air ca
be sucked from the room to the underfloor

clear route to return to the CRAC causef
mixing, higher rack temperatures, and
lower CRAC return temperatures.

Temperature.
Common result of many of the above con;
ditions, it reduces the efficiency of the
cooling system. It also may trick the
system into thinking the room is too cool
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and throttle back.

adaptivCOOL

11.Defective Cooling System Operation. Many
cooling systems are improperly configured or

operated. Common conditions are setpoint$

incorrect, chilled water loops not operating ag
intended or CRACs in need of maintenance.

12.Rack Orientation. Legacy equipment often
uses non-standard airflow paths or rows of rack
may not be configured to hot aisle/cold aisle.

13.External Heat and Humidity. Data centers are
often affected by outside weather conditions if
they aren’t protected within climate controlled
confines of a larger facility.

Cause-and-Effect Interactions

Knowing the common causes of poor cooling forms
the starting point for solving the problerVithout

a fundamental understandingof the interactions
(Fig. 1), typical remedies such as moving tiles,
reconfiguring racks or changing operating pointg
can have unintended and potentially disastrous
effects on cooling in the data center.
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Fig. 1. Simplified interaction diagram

However by carefullystudying the cause-and-
effect interactions in the data center(Fig. 1) and

determining root cause(Fig. 2), one can develap
systematic approach that can be applied to any si:
data center. Although each data center is uniqus
the root causes are similar and so are their solution
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Fig. 2. Simplified fishbone diagram, a structured
problem solving tool used to help determine roaisea

New Analytic Tool

The AdaptivCool™ product line and services
solve data center cooling problems in a strug
tured fashion. A key tool used to understan
the complex interactions is Computationa
Fluid Dynamics (CFD).The CFD technique
produces a computer simulation of airflow
and thermal conditions within the Data
center. CFD allows rapid testing of a variety
of different parameters. (Please see Fig 3).

Fig 3. CFD results of a data center with a falliIAC
(in the lower left-hand corner) correlate well wétbtual
measurements.

CFD analysis is extremely useful if the inpuf
data is accurate and if experienced handg
analyze the output. CFD skills improve
dramatically with experience. Repeateq
applications of the technique in varied
conditions increases the user's knowledg
base significantly. With each new simulation
solutions come closer and closer to measurg
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conditions. This progressive enrichment ha
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built the AdaptvaooITM CFD Knowledgebase

Attempting CFD analysis without accurate input,
analysis or verification skills produces results which
correlate poorly to measured values.
target solutions can be hazardous to live dat
centers. Fig. 4 illustrates a typical project sequenct

CFD MODEL &
SIMULATE
CORRECT AIRFLOW '
SUCCESEIVE EXPERIENCE
VERIFY & COMMISSION

FEEDS BACK INTO THE ADARTIVCOOL
Fig 4. Typical AdaptivCodl" data center project

CFD KNOWLEDGEBASE

One of the benefits of rigorously including exper-
ience back into the knowledgebase is the ability tq
remediate lower-level issues without necessarily
having to do a complete CFD analysis. Thsg
AdaptivCool™ CFD knowledgebasallows rapid

and cost-effective solutiongn smaller data centers
and sites that have a specific hotspot despite the re
of the data center operating normally.

Results at Two Centers

Two data centers at opposite ends of the siz
spectrum illustrate howCFD analysis and the
AdaptivCool™ CFD knowledgebasecan be used
in different ways.

Site A is a 9,000 sqg. ft. build-out for a major
international telecom company. The site consists ¢
an existing 3,300 sqg. ft. installation with 152 racks
that DegreeC had optimized earlier using CFO

analysis of the existing infrastructure. The result$

of this previous optimization were added to the
knowledgebase.
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Fig 5. Data center map showing original space,han t
left, and the proposed expansion space, the stareéed
to right.

Due to the planned expansion and the additi
of 250 racks (shown in Fig. 5) the owne
commissioned a new CFD analysis t
determine the best location for new racks an
CRACs (please see Figs. 6 & 7). This stud
produced a detailed list of engineerin

recommendations before construction began.

A few examples follow.

1. Improved Siting. The best location for
CRACs in the expansion space centralize
them, instead of distributing them around th
perimeter of the room as the original plan did
Cooling is more consistent this way and
CRAC failure does not disrupt an entire
section of the room. This set-up mean
CRACs can be added incrementally a
required. Redundant CRACs can be turne
off and kept in reserve.

2. Turning Liabilities into Assets. The
improved rack layout uses existing suppor
columns as passive dams in several col
aisles. This step allows higher rack density.

3. Improving Airflow. DC power-supply
cables and cable trays designated to B
installed under the raised floor obstructec
underfloor airflow. Lowering these barriers
by two inches creates consistent flow througl|
the perforated tiles.

—

Fig 6. Analysis of original plan for expansion

Fig 7. Optimized layout for expansion area. Aieghe right
has more uniform cooling.

Without accurate CFD analysis of the facility the
expanded area would have inherited many of the
same problems the original facility had. In the
best case this would have caused inefficient cooling
and required more CRACs and electricity than
necessary. In the worst case the load would not Qe
cooled properly regardless of installed CRAC
capacity and the space could not be utilized fully
The cost of the CFD analysis was quickly
recovered through lower utility bills, less
infrastructure, better space utilization, smoothef
commissioning of the site, and improved cooling
redundancy.

Site B is the primary data center for a technology
leasing corporation and consists of 1400 sq. ft. of
raised floor housing 24 racks and several dozep
PCs. This relatively small site has experienced
over-temp conditions especially when the main
building AC is shut down. Site B has installed threq
auxiliary spot coolers to supplement its two 10-tor
CRACs even though one CRAC could theoretically
handle the load on paper.




The initial audit found no major hotspots but
did find a large swing between coldest (66°F
and warmest (76°F) intakes. Most of the cog
air was delivered through floor -cutouts,
usually in the wrong places. In addition the
CRAC setpoints were set very low (68°F),
(Please see Fig. 8.)

Fig 8. Small Site B - Baseline measurements

Based on the experience derived from pre-

vious projects the solution could be develope
without extensive CFD analysis. First, airflow
was engineered to the rack intakes. Then th

CRAC setpoints were raised to normal levels.

(Please see Figs. 9, 10, 11.)

Fig 9. AdaptivCod™ CFD Knowledgebase solution
for small- to medium-sized data centers and
isolated hot spots.
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Fig 10. Small Site B - after AdaptivCdll optimization
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Fig 11. Temperature distributions

As a further demonstration of the efficiency gained
by applying the AdaptivCool™ CFD Know-

ledgebase,one of the CRACs was deliberately
turned off. The temperatures throughout the roon
rose by 2F and stabilized. While this test proveq
there was enough margin to run with one CRAC
this was advised against as there is no automat
backup if the running CRAC falils.

Cooling electricity savings at this site is around
20% or in the range 0$3000-$4000 per year
depending on the going electricity ratROl in this
case is 10 months or less due to the low installed
cost. The economies resulted from reducing duty
cycle of the CRAC compressors and the dry cooler,

Summary

While server heat density and energy costs continy
to soar there is relief for both by engineering
airflow to eliminate hotspots while saving energy.
Furthermore, recent advances in this technolog
make it affordable and cost effective for nearly any
size data center.
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