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Modern IT equipment with high power dissipation and powerful internal cooling fans are a primary 
cause of cooling and effi ciency problems in today’s mission critical facility.  These problems appear 
when high-velocity, high-temperature exhaust air from IT equipment fl ows unintentionally into the 
inlets of surrounding equipment despite measures taken to prevent such occurrences.  The con-
ventional approaches to data center cooling design such as the hot aisle/cold aisle layout, kW per 
cabinet limits and the use of traditional computational fl uid dynamics (CFD) software tools are blind 
to equipment related cooling and effi ciency problems.

This paper describes a new CFD-based modeling capability and design methodology that over-
comes the limitations of conventional guidelines and traditional CFD-based approaches and is effec-
tive at addressing equipment related cooling and effi ciency problems in the data center.  Depending 
on circumstances, 30-50% improvement in cooling system effi ciency can be achieved by this spe-
cialized CFD-based approach.
Executive summary
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The Effi ciency Challenge of the Modern Data Center
Make more power available to the IT equipment
Much of the power used for data center cooling is wasted due to suboptimal airfl ow conditions 
such as supply air bypassing the IT equipment and fl owing directly to the air conditioning unit (ACU) 
returns. This article will present a step-by-step process to analyze and optimize the paths that air 
takes from the ACUs to the IT equipment and back. The process can be used to substantially im-
prove cooling system effi ciency by confi guring any combination of IT and cooling equipment to 
reduce bypass and recirculation.  As a result, more power becomes available for use by the IT equip-
ment or to reduce energy bills. Often effi ciency improvements of 30-50% or more can be achieved 
by this simulation based design and optimization technique.

Energy Effi ciency Opportunities
Power utilization in the data center is typically split 50 – 40 
between the IT equipment and the cooling system.  The 
remaining10% of total power is used by supporting equip-
ment such as lights and UPSs. [1] The actual percentage 
breakdown for any specifi c facility will vary but, in most 
cases, the cooling system offers a signifi cant opportunity 
that is under the control of the owner/operator to increase 
the overall data center effi ciency.  Power used by the 
cooling system is typically split evenly between the fans 
and the chilled water system.  Cooling system effi ciency, 
therefore, can be improved specifi cally by reducing fan 
and chilled water system power consumption.]

For historical reasons, cooling systems are often 
designed under sweeping assumptions that grossly 
oversimplify the physics of airfl ow.  For example, it 
is common to use a maximum kW per cabinet as-
sumption to approximate the worst case IT loading 
condition.  There are three major problems with this 
type of sweeping assumption.

Firstly, it is completely blind to the most common 
cooling problems that occur in the data center which 
are thermal interactions between the IT equipment 
and the surrounding environment.  An example is 
shown in Figure 1 where exhaust air cannot es-
cape the cabinet and is forced back into the intake 

Figure 1: Air recirculation within cabinets is a common 
cause of overheating and effi ciency problems

Figure 2: The Cooling Path is the route taken by the 
cooling air from the air handler supply to the equip-
ment inlets and from the equipment exhausts to the air 
handler returns
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through a gap between the bottom of the unit and the cabinet.

Secondly, equipment related thermal problems cannot be solved for all-time with a single, blanket 
design solution because the IT equipment is under constant change due to refresh or changing busi-
ness requirements.  Over time, data centers experience dozens of different worst case conditions.  
Each condition must be addressed individually at the time of occurrence to maintain acceptable 
levels of resilience and operating effi ciency.

Finally, a single, blanket cooling solution by defi nition leads to over cooling, excessive power con-
sumption and reduced effi ciency in order to cover all possible worst case conditions.  Often 30-
50% of the power used to operate the chiller and the air handler fans can be recovered by a cool-
ing design that fi ts the current IT confi guration. [2] Fan power consumption is proportional to the 
cubic root of fan speed so reducing airfl ow by a factor of two reduces fan power consumption by 
a factor of eight.  Similarly, a 9 ºF increase in chilled water temperature set point decreases chiller 
power consumption by about 25%.   

Given these challenges, a design methodology is needed that overcomes the limitations of the con-
ventional design guidelines (hot aisle/cold aisle, blanking) and the traditional CFD-tools by properly 
accounting for the cooling and effi ciency problems caused by IT equipment and the time varying 
nature of IT deployments.

Addressing the Energy Effi ciency Challenge
Cooling Path Management
Cooling Path Management (CPM) is a CFD-based methodology for data center cooling design and 
optimization.  CPM can address all possible airfl ow-related cooling breakdowns and sources of inef-
fi ciency for any confi guration of room, cooling system and IT equipment.  CPM can be used for initial 
cooling system design and for ongoing management of cooling system performance that is a chal-
lenge due to IT equipment related cooling problems and the time-varying nature of IT deployments.  
CPM is based on a specialized implementation of CFD analysis that solves the governing equations 
for fl uid motion and heat transfer over the full range of physical scale that occurs in the data center 

Figure 3: Thermal footprints are unique to model of IT equipment

3 Future Facilities Incorporated. All rights reserved. No part of this publication may be used reproduced or photocopied, transmitted, or stored in a retrieval system of any nature, without the per-
mission of the copyright owner.  www.futurefacilities.com | A White Paper from FUTURE FACILITIES INCORPORATED



(from small gaps within cabinets to 
the open room).  This implementa-
tion of CFD provides a 3D graphical 
view of the entire “cooling path” over 
which the breakdowns occur.

The cooling path is the route taken 
by the cooling air from the air han-
dlers to the intakes of each unit of IT 
equipment and from each exhaust 
vent back to the air handlers.  Cool-
ing paths are formed by the thermal 
and physical characteristics of the 
IT equipment, cabinets and room 
and the way they are confi gured 
within the data center.  The cooling 
path can be split into three primary 
segments to simplify the CPM de-
sign process as shown in Figure 2.

Each segment of the cooling path 
has a specifi c design goal and as-
sociated set of design options. This 
makes CPM intuitive, easy to use 
and applicable to all possible com-
binations of IT equipment, cabinets 
and rooms.

Key concept:  A cooling path is 
100% effi cient when it is com-
pletely free of vortices, bypass 
and recirculation

The design objective for Segment 
#1 is to meet the temperature and 
airfl ow requirement for each fl oor 
grille by fi nding the right combination 
of fl oor height, air handler selection 
and placement of air handlers, fl oor 
grilles and under fl oor objects.  The 
design process is often streamlined 

by pre-setting some of the variables and then sequentially setting the remaining variables to meet 
the requirements.  A common practice starts with a hot aisle/cold aisle fl oor tile arrangement fol-
lowed by air handler selection and placement.  Fine tuning can be performed by adjusting the loca-
tions of the air handlers, under fl oor objects (pipes and cable trays) and fl oor grilles.  CPM is an ef-

Figure 4: Thermal footprints interact with the surrounding 
environment to form segments #2 and #3 of cooling path

Figure 5: A simple data center system with one air handler 
and three different models of IT equipment
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fective technique for under fl oor and 
airfl ow return design and is univer-
sally applicable to any confi guration 
of room and fl oor grille arrangement.
The design objectives for Segments 
#2 and #3 are to meet the intake 
temperature and airfl ow require-
ments for each unit of IT equipment.  
Additional requirements to minimize 
bypass and recirculating airfl ow can 
be imposed to fi ne tune to increase 
cooling system effi ciency.

These requirements are met by 
fi nding the combination of cabinet 
design, cabinet placement, cable 
routing and u-slot location that are 
compatible with the thermal char-
acteristics of the IT equipment to be 
installed.  CPM greatly streamlines 
design and optimization of Segments 
#2 and #3 when large numbers of 
cabinets and IT equipment are in-
volved.

Three properties of IT equipment - 
power dissipation, CFM requirement 
and ventilation confi guration combine 
to form a unique “thermal footprint” 
and become the source of cooling 
path formation for Segments #2 and 
#3.  Figure 3 illustrates how thermal 
footprints are unique to IT equipment 
model type.

Thermal footprints interact with the 
surrounding environment to defi ne 
cooling path segments #2 and #3 that lead to and away from the equipment inlets and exhausts as 
illustrated in Figure 4. 
 
Key Concept:  Understanding the interactions between thermal footprint and the environment 
is the basis for addressing the most common data center cooling and effi ciency problems

Given the impact of thermal footprints on the data center environment, it is no surprise that cooling 
path segments #2 and #3 can change dramatically with each confi guration of IT equipment, cabinets 

Figure 6: Cooling path segments #2 and #3 are completely 
unconstrained

Figure 7: Isolated view of cooling path segment #2 for the 
Blade Chassis which shows signifi cant mixing of supply and 
return air
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and room. As a result, resilience and effi ciency 
are dramatically impacted by IT equipment re-
fresh and locations changes.

Key concept:  CPM is effective for main-
taining resilience and energy effi ciency as 
IT confi gurations change over time

The simple system shown in Figure 5 will be 
used to show how cooling paths #2 and #3 are 
defi ned by the interactions between thermal 
footprint and the environment and how CPM is 
used to improve cooling system effi ciency.  Two 
versions of this system will be examined.
   The fi rst has a typical raised fl oor confi gura-
tion that supplies air to a fl oor tile in front of the 
cabinet within which sit the IT equipment.  This 
design does not constraint cooling path seg-
ments #2 and #3 as shown in Figure 6. 
  
Further, air volume is oversupplied by 50%.  
Oversupply of air and unconstrained cooling 

paths create signifi cant amounts of bypass and air recirculation which signifi cantly reduces cooling 
system effi ciency.

Figure 7 is an isolated view of the Blade chassis server at the bottom of the cabinet to show cooling 
path segment #2 in detail for this unit.  
 
Here, 44% of the supply air comes from the air handler (dark blue) and 56% comes from the room 
(light blue).  This drives up the intake temperature to 73 ºF which is 10 ºF higher than the air being 
supplied by the air handler – a highly ineffi cient condition.

The second design option for this facility has air ducts that completely constrain cooling paths #2 
and #3 as shown in Figure 8.
  

Figure 8: Cooling path segments #2 and #3 are 
completely constrained

Table 1: The effect of Cooling Path Management on cooling system effi ciency

Version Description
% 

bypass
% 

recirculation
Average inlet 
temperature

Cooling system 
power requirement

1 Unconstrained 
cooling paths

45% 39% 75.6 ºC —

2 Fully constrained 
cooling paths

0% 0% 62.1 ºC Reduced by 46%
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Further, the air handler is supplying the exact amount of air in CFM that is required by the IT equip-
ment.  As a result, bypass and recirculation are completely eliminated and the cooling paths 
are100% effi cient.  Perfect constraint of these segments maximizes the cooling effect of the air 
handler, drops the average inlet air temperature by about 13 ºF and reduces the CFM requirement by 
50%.   With the extra margin on inlet temperature, the chilled water set point can be increased by 13 
ºF.  By matching the supply to the demand, fan speed can be reduced by 30%. This results in a 20% 
and a 50% reduction in power consumed by the chiller and fans respectively.  Table 1 summarizes 
the results of CPM on the effi ciency of this simple data center system.

Summary
In real-world data centers, complete cooling path constraint is not practical as IT confi guration fl ex-
ibility is often needed to meet business requirements.  This makes CPM for real-world data centers 
an ongoing effort to minimize the negative impact of partially unconstrained cooling paths on resil-
ience and effi ciency.  This is a diffi cult to impossible task without the benefi t of a simulation-based 
methodology like CPM and a CFD tool that can reveal the full details of cooling path segments #2 
and #3.  Finally, visibility of the entire cooling path makes CPM a useful and cost effective approach 
initial cooling system design and for ongoing change management of the facility to maintain accept-
able levels of IT equipment resilience and energy effi cient operation over its lifespan.
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