WHITE PAPER No. 53

Air Cooling or Water Cooling?
Jan-Hendrik Bebermeier
Eppendorf AG

Executive Summary
ULT freezers offer a save storage location for your valuable
samples. While generating -80 °C at one part of the
instrument, the freezer also creates heat. This heat needs
to be removed from the ULT freezer. The heat needs to be

How can you create cold?
Reliable -80 °C are generated by passive support (i.e. insulation
or gaskets) as well as by active cooling via the compressors. The
compressors are literally the core of every freezer.
The compressor creates cold temperature indirectly: The
cooling liquid (gas) is compressed within the compressor, the
compressed gas becomes hot. You might know this process
when you use a bicycle tire inflator and block the exit valve with
your finger while pumping.
The gas leaves the compressor while being pressurized and
heated. The compressed gas reaches the condenser where
the gas finally liquefies. Based on the liquefaction, the heat is
removed from the cooling gas/liquid.
In general, there are two ways to remove the heat from the condenser.
Further process of cooling within the ULT freezer
The temperature of the liquid is still high. By passing a
so-called expansion valve, the pressure of the liquid is
drastically reduced within a very short timeframe. By this
flash-like evaporation from liquid to gas phase, cold is
created.
This cold within the cooling pipe is transferred to the
cooling loops which enclose the freezer chamber. Locally,
the cold is passed to the stainless-steel interior walls of
the inner freezer chamber. The cooling loops are even visible at the beginning of the cooling process when you cool
down the freezer.

neutralized by removal from the freezer via air or water
cooling. This paper describes the differences between the
two cooling types as well as indicating the aspects within
the building set-up required for water cooling.

Air cooling
The classic air cooling of ULT freezers is performed by a fan
within the compressor compartment (Fig.1). The fan actively
absorbs cooler air from the environment and blows it towards the
condenser. Hereby, the heat is blown out of the compressor compartment into the lab environment. The principle is simple and
reliable. Unfavorable, the air around the ULT freezer is warming up. Especially when several freezers are located in the same
room, the room temperature in this room substantially rises.
The temperature rise must be controlled by passive air ventilation (open window) or by active air cooling (e.g. HVAC). Otherwise, the temperature will reach a critical point where the cooling
system of the ULT freezers may break down due to over-heating.
As a final result, the tens of thousands of high-value samples will
defrost and be lost.
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B

Fig. 1: Diagrams of an air-cooled ULT freezer system (A) and a water-cooled
ULT freezer system (B)
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Water cooling
For some years now, an alternative method for the
freezer cooling is getting more and more attenC
tion: water cooling. For this special type of coolB
ing, some adaptions at the freezer are mandatory
(Fig.2):
The ULT freezer has an inlet water port and an
A
outlet water port. There is an internal pipe connecting the inlet water port with the condenser
and back to the outlet water port. The condenser
is equipped with a heat exchanger. A constant
flow of cool water at this heat exchanger takes the
Fig. 2: Cooled water enters the freezer through inlet port (A), passes through the condenser
(B), absorbs the heat from the freezer, and then exits through outlet port (C) as heated water,
heat away. In contrast to air cooling, the watercarrying the heat away from the freezer
cooled freezer has a lower heat output towards the
lab environment.
The first water-cooled freezers were using flow water without recirculation (Fig. 3). As the cooling requires approximately
250 m3 of fresh water per year per freezer, the non-circulating system is not recommended due to the high costs for water as
well as the negative sustainability factor.
More and more new buildings are designed with cooling water circulation systems (Fig.4). The warmed-up cooling water
from the ULT freezer is directed to a heat exchanger which can be part of the central building heating system. This heat
exchanger extracts the heat from the freezer cooling water to support the building heating system. When leaving the heat
exchanger, the freezer cooling water is cooled down to be re-used at the ULT freezer.
This circulation process saves resources as well as money by supporting the local building heating system. When a new
building is designed from scratch including cooling water circulation systems, the air condition systems (HVAC) in those
rooms where ULT freezers are planned to be located, can have a reduced dimension.

Cooled Water Supply

Heated Water Outlet

Chiller / Heat Exchanger

Central Building Heating
Fig. 3: A series of water-cooled freezers with no recirculation; new, cooled water enters the freezers, absorbs the heat in the condensers, and is heated water
is discarded from the systems as waste

Fig. 4: In a circulated system, cooled water enters the freezers, absorbs the
heat in the condensers, and then is channeled through a chiller/heat exchanger
to be cooled and used again within the system; the heated water that is
dispensed by the freezers can also be routed to the building HVAC system to
support building heating
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Water Flow vs Temperature (F570hw 230V 50Hz)
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Technical conditions
The cooling water temperature should be between 7 °C and
25 °C. The water flow rate should be 29 L/ h. The needed
water flow rate (L/h) strongly depends on the water temperature as well as on the freezer temperature (Fig. 5). The higher the water inlet temperature, the more water (i.e. higher
flow rate) is needed per time. An ULT temperature of -85 °C
needs more cooling water per time compared to a freezer
temperature of -70 °C.
The cooling water needs to be free of particles as these
might clog the valves and the temperature sensors. A water
filter can be used. This is to be installed upstream the water
inlet port and should have a mesh width of 0.25 mm (60
mesh).
The water pressure should be between 100 kPa and
1,000 kPa. The difference between the water inlet port and
the water outlet port is 50 Pa.
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Fig. 5: This graph shows the increasing water flow rate (L/h) required for optimal cooling as it relates to increased water inlet temperature and the desired
temperature within the freezer; all three variables must be considered when
installing a water-cooled ULT freezer system

Energy saving
The power consumption of the saved fan within the air-cooled ULT freezer is neglectable. The power consumption to cool
down the ULT freezer is similar for air cooling as well as water cooling. The most interesting part for energy savings and
sustainability is the handling of the extracted heat of the ULT freezers. The less heat you have to neutralize within the room
where the ULT freezers are located, the smaller the HVAC needs to be or the less the existing HVAC needs to run.
The absolute energy saving of water-cooled ULT freezers is challenging to estimate as it is a multi-factor calculation. The
volume class of the freezer and the related power consumption defines the heat extraction. That is the amount of heat that
must be removed or neutralized. The proportion of the heat which can be removed by water cooling depends on several aspects: the room temperature, the cooling water inlet temperature, the flow rate of the cooling water, the length of the exhaust
cooling water pipe from the freezer to the wall (the longer the pipe, the more heat will release from the water back to the
room), the material of the pipes (e.g. metal pipes will release heat from the water back to the room), the type of wall (exterior
walls are colder than interior walls), etc.
Calculation of HVAC systems and their interaction with ULT freezers need to be handled by experts on air-conditioning.
They can also provide you indications about energy savings when using water cooling.
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About Eppendorf
Eppendorf is a leading life science company that develops and sells instruments, consumables, and services for liquid-,
sample-, and cell handling in laboratories worldwide. Its product range includes pipettes and automated pipetting systems,
dispensers, centrifuges, mixers, spectrometers, and DNA amplification equipment as well as ultra-low temperature freezers,
fermentors, bioreactors, CO2 incubators, shakers, and cell manipulation systems. Associated consumables like pipette tips,
test tubes, microtiter plates, and disposable bioreactors complement the instruments for highest quality workflow solutions.
Eppendorf was founded in Hamburg, Germany in 1945 and has more than 3,000 employees worldwide. The company has
subsidiaries in 25 countries and is represented in all other markets by distributors.

Your local distributor: www.eppendorf.com/contact
Eppendorf AG · Barkhausenweg 1 · 22339 Hamburg · Germany
eppendorf@eppendorf.com · www.eppendorf.com
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