/ APPLICATION NOTE

Measuring Temperature and Humidity
in Data Centers
The Right Temperature

Inside a typical data center.

The modern world relies heavily on the internet and online
services. Increasing demand for data processing and storage
capacity has led to major companies such as Google,
Microsoft, and Facebook investing in new facilities that provide
web-based services to an ever-higher number of users.
Data centers are energy-intensive
facilities, currently consuming
more than 1.3% of the world’s total
electricity production. This energy
is transformed into heat that has
to be conveyed and dissipated
away from the equipment racks
in order to maintain the correct
operating temperature. Cooling and
air conditioning is one of the most
important processes in any data
center.

Cooling in Data Centers
Data center cooling can be done
in a variety of ways, depending on
the location and the local climate.
Refrigerant cooling consumes a

lot of energy, but its usage can be
reduced by taking the climate into
consideration when choosing the
location for the data center. In dry
climates (with a wet bulb temperature
of below 10 °C) evaporative cooling is
effective at dissipating heat. In cold
climates (with a temperature below
27 °C and dew point temperature
below 15 °C) direct cooling with
dry, cold air can be used. Locations
near water offer the possibility to
dissipate the heat into the water.
Other key considerations include
stable political and social conditions,
good infrastructure, reliable power
distribution, and connectivity to
principal data routes.

The ASHRAE 2011 guidelines for
conditions in data centers recommend
an inlet air temperature and
humidity envelope of 18 … 27 °C and
25 … 80 %RH (dew point temperature
5 ... 15 °C) respectively. In a traditional
setup the equipment room is airconditioned by dividing the equipment
into rows (hot aisles) and feeding
conditioned, cool air between the rows
(cold aisles), usually through the floor.
When cool air travels through the
equipment racks from a cold aisle to a
hot aisle, it conveys the heat generated
by the equipment through the ceiling.
Temperature is controlled using a
Computer Room Air Conditioner unit
(CRAC), which performs both heating
and cooling functions (though not
simultaneously). For heating, the
CRAC recirculates warm air from
the hot aisles with cool make-up air;
for cooling, incoming air is chilled to
achieve the correct temperature.

Measuring Humidity
In addition to temperature,
monitoring and controlling the
humidity of the equipment room
is also critical. Especially in cool
climates where air-side economizers
are used, the absolute water content
of the air is naturally low. The relative
humidity of air decreases when it
is heated, meaning that it may fall
below the desired level. Air that is
too dry increases the risk of static
electricity and requires additional
humidification by means of spray or
evaporative humidifiers.

Energy Savings Through
Free Cooling
When the outdoor temperature
exceeds acceptable limits, the

incoming air has to be cooled. In
order to minimize the need for
energy-consuming mechanical
refrigeration, cooling can be achieved
by spraying water mist – which
instantly evaporates – into the
incoming air. When the humidity of
the air before and after the humidifier
is known, the control system is
able to adjust the humidifiers to
ensure maximum adiabatic cooling
efficiency while maintaining the
relative humidity limits and avoiding
possible corrosion problems related
to too high relative humidity. In
systems where liquid is used as
the heat carrier, the coolant may
be cooled in cooling towers, which

are heat exchangers that employ a
similar evaporative cooling principle.
Efficient control of a cooling tower
requires accurate humidity and
temperature measurements, which
in turn enable maximum cooling
efficiency with minimized energy
usage and also provides a means for
monitoring the cooling power of the
tower.

Vaisala HUMICAP®
— Reliable Humidity
Measurements
Vaisala is a global leader in
environmental measurements and
has a comprehensive portfolio of
products for use in data center

facility management. The Vaisala
offering includes instruments for
measuring temperature, relative
humidity, wet bulb temperature,
dew point temperature, enthalpy,
and weather parameters. The
wide range of Vaisala HUMICAP®
relative humidity and temperature
instruments includes industrialgrade and HVAC transmitters that are
suitable for use in data centers.
Vaisala HUMICAP® sensors are
known for their accuracy, excellent
long-term stability, and negligible
hysteresis. Figure 1 below provides
an illustration of their long-term
stability in outdoor applications.

Figure 2: Two HUMICAP ® instruments
were mounted inside a Stevenson screen
on the Vaisala test grounds in Vantaa,
Finland. Sensor purge was also used.

Figure 1 shows the results of an outdoor test over
a period of six years, from 2008 to 2014.

Glossary
Dry bulb temperature

Ambient temperature.

Wet bulb temperature

Minimum achievable temperature by means of free (evaporative) cooling. The difference
between the (dry bulb) temperature and wet bulb temperature represents the maximum
theoretical cooling capacity of an evaporative cooler.

Dew point temperature

The temperature at which saturation is reached at the given humidity level; dew point is
relevant where condensation temperatures are concerned.

Relative humidity
Enthalpy

The level of humidity with regards to the maximum amount of humidity at a given
temperature.
The total heat energy (sensible heat and latent heat) involved with thermodynamic
changes.
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