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The graph summarises the main issues regarding air
performance in a data hall between the Computer Room
Air Handling (CRAH) units and the Information
Technology (IT) equipment.

Negative Pressure (NP) Flow: This is due to high under
floor velocities (Venturi effect) where data hall air is drawn
back into the raised floor. It varies with velocity squared.
This typically occurs in floor tiles near CRAH units.
Although negative pressure flow is not too common,
localised high velocities under the floor are common and
will reduce the static pressure which will make floor grilles
underperform, hence not providing enough cooling
locally. This can be easily checked on site by seeing how
high can a sheet of paper “float” above or get sucked
down onto the floor grilles. See the DCD air flow “gizmo”.
Whilst this creates problems for racks in the wrong place,
it will not significantly affect the overall balance of air
flows, hence it is indicated in the above graph with a low
flow rate (proportional to the width of the lines). High
dynamic pressures are only reduced by decreasing the
air velocity (lower flow rate, re-distributed flows, baffle
plates, removing restrictions such as cable trays).

Bypass (BP) flow is the cold air that returns to the CRAH
units without reaching the IT equipment. A lot of bypass
air means that there is less air to cool the IT equipment.
Bypass flow is normally from floor grilles not in front of
servers (i.e. in the hot aisle), cable cut-outs which are not
sealed (back of racks) and gaps in the raised floor
(bottom of empty racks, PDUSs). Simple solutions are to
locate floor grilles where needed (in front of servers) and
to close floor gaps. Sometimes, floor grilles are located at
the exhaust of servers because this air is entering
another rack. However, this problem is better resolved by
avoiding this hot air from entering the other server
(barrier, relocation). .

Recirculation (R) flow is when air from the IT equipment
discharge is drawn back into the IT equipment inlet due to
lack of cool air being supplied (due to low static pressure
or bypass air). Recirculation flow typically occurs within
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the racks (particularly if there are no blanking plates) and
over the top of racks and round the side of the end of row
of racks. This is normally resolved by installing blanking
plates, removing glass front doors (and other
obstructions) from racks and ensuring sufficient cold air is
supplied to the IT equipment inlet.

Air performance metrics of a data hall are based on the
four characteristic weighted average temperatures which
are:
Tci Temp cooling unit (CRAH) in (example 22C)
Tco  Temp cooling unit (CRAH) out (example 17C)
Tii Temp IT equipment in (example 21C)
Tio  Temp IT equipment out (example 27C)
By considering the CRAH and IT loads to be equal,
neglecting NP, and working with mass and heat
equations the following relationships are derived:
Flow performance, also equal to 1-BP:
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Thermal performance, also equal to 1-R:
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Flow availability, ratio of CRACs to IT equipment air
volumes:
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There is one characteristic point for each data hall. For
the example weighted average temperatures provided
above, the following air performance metrics result:

Flow performance (1-BP) = 0.50

Thermal performance (1-R) = 0.6

Availability of flow = 0.6 / 0.50 = 1.20

This unique point for each data hall can be represented
on the following figure:
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A useful application of the flow performance index is to
establish how much of the available cooling (of CRAH
units) is actually delivered to the IT equipment. By
multiplying the CRAH operating capacity by the flow
performance index it provides the cooling capacity
delivered to the IT equipment. Undersupply will result in a
degradation of conditions, i.e. warming up by recirculation
flow. For example, with 1200kW of CRAH units operating
in a data centre designed to 1000kW of IT load which is
currently loaded to 80%, with a flow performance of 0.5, it
can only deliver 1200kW * 0.5 = 600kW. The air is only
delivering 600kW of cooling capacity to the IT equipment
(that required 800kW), which is clearly not enough.
Therefore, the IT equipment fans draw more air by
recirculating (R) what is missing from the back of the IT
equipment.

This valuable information can be retrieved and assessed
within hours on site. Furthermore, the following graphs
are derived from the same set of readings on site. The
following diagram indicates the air inlet temperatures for a
sample of servers, which have been sorted in increasing
temperatures to indicate the number of servers that
comply with ASHRAE’s recommended and allowed
temperature ranges. By understanding which servers
have high temperatures it is possible to locally resolve
these hot spots by supplying more cold air (reduce high
dynamic pressures and bypass flow) and addressing
recirculation issues.
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Equally useful is the information on how the CRAH units
are performing. This graph of air delta Ts indicates one
unit actually heating and another group overloaded (high
delta Ts).
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For retrofits, a solution that is becoming increasingly
popular is to semi-contain the cold aisle (where possible).
This will overcome problems of high dynamic pressure
and recirculation. There will be a certain amount of
bypass, but considerable CRAH fan energy savings are
still possible. With recirculation resolved, the supply air
temperature will be the same as the air temperature
supplied to the IT equipment. Therefore, it will be possible
to increase air temperature set points without having hot
spots, so to achieve refrigeration energy savings and
increased opportunities for free cooling hours.

Air performance management does not save energy by
itself, until the fan speeds are reduced and the cooling set
points are increased. It is also the most cost effective
method for effective results. Hence air performance
management is “the” energy saving enabler.
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