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look at this ratio (Figure 1) reveals that the

Introduction

Total Facility Power is dominated by the

As energy prices continue to rise and con-  nawer to drive the data center cooling system

cerns about global warming due to carbon (45%) and the power consumed by the IT
emissions continue to grow, there is a grow- gquipment (30%).

ing motive to lower the PUE (power usage

effectiveness) of data centers worldwide. The Another way to say this is that 75% of the
PUE of a data center is definedTaxtal Fa- nonIT power is consumed by the cooling
cility Power /Total IT Power The Total Fa- system. By focusing on the power to drive
cility Power is comprised of all the power the cooling system and IT equipment as the
delivered to the entire data center, and the  dominant parameters, an alternative ratio can

Total IT Power is defined as only that which be defined:
is delivered to the IT equipment. A careful

Data Center Power Utilization

m Chiller

= Crac

® Humidifier

B [T Equipment

= UPS

= PDU

W Switchgear/generator

Vo M Lighting
3%

© 2010 Applied Math Modeling Inc. 1

Total Cooling Power/Total

IT Power, which is often re-
ferred to as th€ooling Load
Factor (CLF). TheCooling
Load Factoris the total

power consumed by the chill-
ers, CRACS, cooling towers,
pumps and other cooling re-
lated equipment, divided by
the total IT equipment

Figure 1: The breakdown of
power utilization in a typical
data center
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power. To accurately deter
mine the total annual cost
of power to drive the cool-
ing system for a given date
center, one must take into
account the kind of cooling
unit (gas or liquid), the ef-
ficiency of the motors that
drive the fan and compres-
sors, as well as the specifit
geographic location of the
data center. If power meas
urements of the equipment
are not feasible, estimates
must be made that often
require detailed knowledge
from the cooling manufacturer. Rather than
focus on theower requiredoy the cooling
equipment, one can instead usedbeling
capacityof the equipment. In this sense, an-
other modified ratio can be definebbtal
Cooling CapacityiT Power ConsumedThis
rati o can b €ooling Capatity d
tolIT LoadRaticdo, and by
two parameters and attempting to drive this
ratio down as close as possible to 1.0, the
PUE will also decline in direct proportion.

The cooling for a given data center consists
of two primary components: the total capac-
ity of the cooling system, typically measured
in Tons or Kilowatts, and its related airflow,
typically measured in Cubic Feet per Minute
(CFEM). It is important to consider both of
these parameters, since the reason for hot
spots in many data centers is not the total
cooling capacity (this is typically more than
adequate) but rather the inability to get the
cold air to where it is needed.
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Figure 2: A 2500
sqg. ft. data center
that could operate
more efficiently

Baseline Case

To illustrate this point we will use computa-
tional fluid dynamics (CFD) to consider a
hypothetical data center of 2500 square feet
as illustrated in Figure 2. For this data center,
eight Liepert EH6R0C cooling units are de-

f o ¢ ubloyed ig a slightly staggeged (asymmetric)

pattern around the perimeter of the room,
creating a total cooling capacity of 1724 kW.
The thermal load consists of six rows of
equipment racks, each row containing 20
racks, and each rack with a thermal load of 7
kW for a total of 840 kW. This results in a
Cooling Capacity to IT Load Ratiof 2.0, a

full 100% higher than should be required to
cool the equipment. Notice, however, that the
airflow supplied by each of the eight
FH600C units is only 17100 CFM, creating a
total airflow capacity of 136,800 CFM. Each
7 kKW rack requires 1091 CFM to keep the
temperature rise across the rack to &20
maximum, so with 120 racks in the room, the
total rack demand is 130,920 CFM, nearly
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5% more than is supplied by the Liebert
cooling units. This will become a significant
consideration when attempting to reduce the
overall power consumption.

One way of improving the PUE for this data
center is to reduce tleooling Capacity to

IT Load Ratio The Liebert FH600C uses an
11kW centrifugal blower to supply air to the
data center. If we assume that the cost of
electricity is $.10/kwhr, the annual cost of
operating just the blower for this unit would
exceed $10,000, and would be nearly twice
that amount when including the work done
by the compressor. Shutting down one of
these units would reduce the PUE and save
money. The question, however, is whether
or not this can be done without causing ex-
cessive temperatures at any of the server
inlets. While shutting down a CRAC unit
looks like a viable option, only a CFD model
can identify which CRAC is the best one to
shut down and whether doing so will result

in troublesome hot spots on any of the equip-

ment.

Figure 3 illustrates the
rack inlet temperatures  (Rackrow Temperature)
in the data center with ”

all CRACs operating H .
normally. As can be 8

seen, there are already 79
hot spots located at the |75
ends of the rack rows. 72
In some cases, the rack | | es
inlet temperatures ex- 64
ceed the ASHRAE rec- I61
ommended maximum of M .,
80.6°F. The maximum
rack inlet temperature

for this case is 82°F and

temperature
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the maximum temperature in the room is
91°F.Turning off both the fan and coil on
any of the 8 CRAC units would create a sce-
nario where the total cooling capacity would
be sufficient, but due to the lack of proper
airflow to some servers, extreme tempera-
tures may result. Using CFD, it is a straight-
forward matter to test this possibility and

find out the consequences when each one of
the CRACs is disabled.

To compare scenarios, a CFD model was
created using CoolSim that allowed a series
of 8 simulations to be run concurrently, each
with a CRAC unit shut off in a round robin
fashion. A summary of the simulation results
is presented in Table 1. The best case, high-
lighted in green, corresponds to the elimina-
tion of CRAC F (lower corner on the left in
Figure 3). It has the smallest impact on the
maximum rack inlet temperature, and drives
up the maximuniemperature in the room by
only 3 degrees, from 91°F to 94°F, according
to the detailed CFD output reports. The re-

Figure 3: Baseline
model rack inlet
temperature profiles
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