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Towards passive cooling solutions for mobile access network

Stéphane Le Masson - David Nortershiuser -
Denise Mondieig - Hasna Louahlia-Gualous

Abstract The amount of electricity used by mobile net-
works has become an important issue in recent years as
demand for new services has become more widespread. In
2006, energy consumption of Orange mobile network was
estimated at 290 GWh per year. Recent works show that
thermal architecture must be improved in order to increase
thermal efficiency of buildings, shelters, and outdoor cab-
inets. This paper shows some new approaches on thermal
management for telecom enclosures in order to reduce en-
ergy consumption of this network.

Keywords Thermal - Ventilation - Thermosyphon loop -
Phase change material
1 Introduction

Telecom shelters and outdoor cabinets are widely used
either for mobile phone base stations or for placing xDSL
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equipments close to the customer. As the power dissipated
by the equipments grows tremendously throughout the gen-
erations, heat management is necessary and becomes an
important issue.

According to the politics of sustainable development of
France Telecom and European Telecommunication Stand-
ards Institute (ETSI) [1] environment standards for telecom-
munication equipments, a study has been led in order to
optimize the conception of telecom shelters and outdoor
cabinets.

This paper shows thermal issue of telecommunication
equipments located in access network. New cooling solu-
tions are proposed in order to reduce energy consumption of
cooling and increase energy efficiency. These solutions are
based on using of fresh air and new passive solutions using
phase change materials or thermosyphon loop.

2 Thermal issue

Thermal issue is described below in Fig. 1. Thermal load is
done by electronic telecommunication racks. External loads
are usually external temperature and solar heat flux. Build-
ing walls could play an important role in thermal heat
transfer. Some works show the importance of this heat
transfer from chipset to buildings [2, 3]; numerical simula-
tions are performed in order to define building rules that
need to be followed to achieve a high-performance struc-
ture. Following questions are asked:

+ Is it necessary to use thermal insulation? Internal or
external?

*  What are the ideal thermal properties for the building?

e Which air cooling management is better or “more
green”?



Fig. 1 Thermal issue with
internal and external
loads
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General governing equation is the following where sub-
script 7 is related to the face of the domain.
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Where
“Q” is the heat load, “m;” the flow rate through face i,

“h;” the mass enthalpy through, m the internal mass with a
velocity “V” and an enthalpy “h.”

3 Ventilation

In order to cool electronic cabinet or shelter, it is very useful
to use simple ventilation instead of air conditioning with
cold production. For very low heat dissipation, it is possible
to use natural convection. The fluid flow is moved naturally
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Fig. 2 Telecom shelter with variable speed ventilation. a Schematiza
tion, b photography
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by buoyancy forces. In this situation, heat exhausting
capacity is very low and the limit temperature is reached for
very low heat dissipations.

Above these limits, forced convection must be used. In this
case, the hot air is blown through the building by one fan or
more, care must be taken at the entrance for air filtration in
order to remove dust particles from refreshing air. Two kinds
of ventilation are developed here, variable speed ventilation
for shelter or outdoor cabinets and optimized ventilation for
concrete buildings. Opening locations and sizes are very im-
portant in order to optimize the air flow path.
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3.1 Variable speed ventilation

When building’s thermal inertia is low, variable speed ven-
tilation is useful. Fresh air passes through telecommunica-
tion racks. The hot air issuing from the racks is evacuated
outside with a variable speed fan as shown in Fig. 2.
Figure 3 below shows the regulation law used for vari-
able speed ventilation, the flow rate is proportional to am-
bient temperature measured inside the building. As ambient
temperature is below Ty,,, the flow rate is null. When
ambient temperature is above T, and below Tp.x, flow
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Fig. 3 Regulation law for variable speed ventilation



Fig. 4 Evolution of

Temperatures measured with variable speed ventilation
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rate is proportional to ambient temperature; above Ty, the
flow rate is equal to ¢pax.

Figure 4 below, shows an example of temperature mea-
sured inside and outside a typical telecom shelter located in
southwest of France. The dimensions of the shelter are 3 x
2.2x2.7 m, thermal load is 8.4 kW, setting point are 25°C
for Trin (flow rate=0) and 40°C for T, (flow rate is
2,700m>h 1.

In this situation, the inside temperature is always above
the external temperature.

3.2 Optimized ventilation
Optimized ventilation, could be used if the building thermal

inertia is high, for example, when walls are made with
concrete. In this situation, night coolness can be used.
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Fig. 5 Telecom building with high thermal inertia cooled with opti
mized ventilation. a Schematization, b photography

The airflow is controlled by a proportional law depending
on the difference between a temperature of reference and the
blowing temperature. The temperature of reference must be
representative of the heating of the air passing through the
equipment room. Usually, the difference of temperature is
kept at 8°C or 10°C depending on the type of telecommuni-
cation equipment. Another method of control could be appro-
priate in this case, assuming that the generated temporal
gradients remain within the limits of the standard (+£0.5°C/
min integrated over 5 min). The principal goal of this law is to
adapt automatically the flow according to the power of the
equipment. Indeed, for the same temperature of blowing, the
increase in the power leads to a rise in the temperature of
reference and thus in the flow. Figures 5 and 6 show a
representation of this concept and the governing flow rate law.

Figure 7 shows temperatures measured in telecom small
building cooled with optimized ventilation. In this case,
when the difference of temperature between external and
internal is below a fixed limit, the ventilation is stopped (at
10 a.m. in this example). In this example, thermal heat
dissipation is 1.8 kW and the localization is near Bordeaux
in France. Temporal evolution of the internal temperature is
limited by heat exchange between cold walls and ambient
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Fig. 6 Regulation law for optimized ventilation



Fig. 7 Evolution of
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air, no more external hot air is blown inside the building
because the internal temperature is lower than external
temperature.

When the inside and outside temperatures are quite sim-
ilar, the ventilation starts with a very low flow rate in order
to reduce thermal gradients. In this case, the internal tem-
perature can be below external temperature even in summer.

Energy efficiency has been measured and this ventilation
can reduce air cooling consumption by eight to ten times
versus active air cooling (like typical split system).

4 Phase change material

A phase change material (PCM) is a material whose mo-
lecular structure changes at a certain temperature (or range
of temperature) [4—11]. A great amount of energy is needed
for the phase change to occur. This particularity can be
used to limit the temperature variation of a thermal system.
There are several types of phase change materials. Liquid/

Fig. 8 Example of PCM
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solid materials seem to be the suitable product for the
buildings.

Micro-encapsulated products can be incorporated in gyp-
sum plaster, concrete or different kinds, or mortars [3], but
molecular alloys, with a high latent transition heat, can be
used for thermal storage process, if the energy exchanged
during the phase transition is sufficient and the temperature
adapted to the application temperature.

During the melting process, the alloy stores latent heat,
energy that is restored during the solidification process. For
example, Fig. 8 shows the evolution of the temperature
inside PCM (red curve) when an external cooling process
is imposed (green curve) near phase change temperature
(36°C), PCM temperature and imposed temperature are very
different due to the effect of latent heat.

The thermal window is defined as the difference between
the solidus and liquidus temperatures. In industrial applica-
tions, we need to keep the air refreshing the equipment at a
fixed constant temperature. We need also a narrow thermal
window in order to regenerate PCM easily.

MCP temperature evolution : cooling
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Fig. 9 Visualization of PCM
melting process

Solid

Figure 9 shows a visualization of the PCM melting process.
A hot plate, at constant temperature above phase change
temperature, is located on the right side of this picture.

Visualizations are done in a rectangular box with chosen
aspects ratio, in order to have bi-dimensional thermal prob-
lem. It is shown that displacement of the front between solid
and liquid is not straight. Liquefaction process is not done
only by conduction; there are convection motions due to
buoyancy effects near heated plate. Heat transfer inside
PCM is not so easy to be understood.

In our case, according to ETSI limits, it is more interesting
to use PCM with phase change temperature just below 55°C.
We have done some researches in order to find the right
molecular formulation (phase change temperature=51°C, la-
tent heat=150 Jg 1. Experimental measurements have been
performed in an outdoor cabinet with heating card (Fig. 10, on
the right hand side), 2 kg of PCM are located inside ten heat
exchangers located at the bottom of the cabinet. Heat ex-
changer (15x15x3 ¢cm®) are made in aluminum, fins are

Fig. 10 Experimental setup.
Outdoor cabinet (A); heat
exchanger inside view (B); heat
exchanger outside view (C)

Liquid

located outside and inside in order to increase heat transfer
inside and outside. Temperatures are measured by thin ther-
mocouple linked to an acquisition system, temperatures are
recorded every 10 mn at several locations. The outdoor cab-
inet is located inside a climatic chamber [12] in which tem-
perature and solar radiation are simulated in order to recreate
idealized unsteady temperatures and solar heat flux.

Figure 11 shows an example of temperatures measured at
equipment entrance (just below heating cards), for heating
power of 100 W, and a simulated climate relative to south of
France. For a solar heat flux of 600 W/m? and an external
temperature varying from 22°C to 40°C, the temperature at
telecom equipment entrance is just above ETSI limit.

In Fig. 11, red line is the temperature measured without
PCM, the black one is the temperature measured with PCM.

Using PCM can reduce maximum temperature; in this
example, the reduction is near 5°C or more. Heat exchangers
must be studied; in this example, it is clear that heat exchange
is not optimized.

©



Fig. 11 Temperature measured
with and without PCM
exchangers

— — ~ ExtTemperature
Solar Flux
©  Temperature without PCM
¢ Temperature with PCM

°C

8 & 8 &

PN

temperature
.

.4500

5 Thermosyphon loop

Thermosyphon loop is one of the passive cooling systems
which have been widely studied [13—-17]. It is used in
various practical situations: in the chemical industry, in the
solar applications for energy storage, in the electronic and
telecommunication systems. Thermosyphon loop consists of
two principal components: condenser and evaporator, where
the working fluid passes from the liquid to vapor phase by
dissipating the heat flux (Fig. 12). Vapor moves along the
vapor line from evaporator to condenser under the buoyancy
force. In condenser, the produced vapor is condensed and
the heat flux is transferred from the working fluid to ambi-
ent. The condensed fluid is returned to the evaporator
entrance under the effect of the gravity force.

In the present study, a thermosyphon cooling module has
been developed and tested for cooling electronic circuits in
the telecommunication outdoor cabinets because forced air
cooling is not efficient enough at high heat flux density and
in dusty environment. Operating temperature of the elec-
tronic equipment should be less than 55°C [1]. n-Pentane is
chosen as the working fluid because it has a lower saturation
temperature at atmospheric pressure (7.,=35°C). In this
paper, experimental investigation of the thermosyphon loop
using mini-channels is conducted. Tests are made with dif-
ferent heating power input ranging from 100 to 450 W.
Thermal management of the cooling loop is analyzed for
different experimental conditions. Figure 13 below shows
the experimental setup: outdoor cabinet with heating cards,
thermocouples, and thermosyphon loop. A fan is located
near the condenser in order to increase heat exchange,
because in this case, condenser is too small.

i ' 0
15 20 25 30 35 40

Time (h)

Figure 14 shows the temporal operating temperatures mea-
sured inside the outdoor cabinet for different power supplies
(100, 130, and 160 W). Tests are conducted with two cooling
systems placed inside the outdoor telecommunication cabinet.
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Fig. 12 Schematization of thermosyphon loop
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Fig. 13 Telecommunication cabinet with cooling loop

The first one uses the air forced convection flow inside the
heating bloc in order to mix heat inside the cabinet. The
second cooling system uses the thermosyphon loop as shown
in Fig. 12.
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Fig. 14 Temporal operating temperature of the outdoor cabinet

Figure 15 shows operating temperatures measured at
steady state with forced convection and with thermosyphon
loop for different heating power inputs.

It can be seen that for both cooling systems, the
operating temperature increases by increasing the power
input. However, the operating temperature is reduced by
using thermosyphon loop. For power supplies of telecom-
munication equipments ranging from 100 to 450 W, it can
be noted that the operating temperature is always below
55°C. This figure shows that the operating temperature
varies very slightly at high heat power and it tends to
stabilize at approximately 52°C. This figure shows also
that the power dissipated (and then access customers
numbers) inside the outdoor cabinet is higher when ther-
mosyphon loop is used with respect to ETSI limits. That
means that using thermosyphon loop could increase the
number of customers linked to this cabinet.

6 Conclusion

Telecom shelters and outdoor cabinets are widely used
either for mobile phone base stations or for DSL access
networks. Thermal management of such cabinet or building
has to be optimized in order to reduce energy impact.

Ventilation is a very simple principle and gives us inter-
esting results; some restrictions appear in particular in dusty
atmosphere.

Phase change material is a good way to reduce tempera-
ture inside outdoor cabinet. Experimentation has been done
in a small cabinet and significant reduction of temperature is
shown when heat exchangers with PCM are used. This work
has been performed with pure PCM; some new studies must
be done in order to find industrial products with high
performances.
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Fig. 15 Cabinet operating temperature for different power supplies



A new thermosyphon cooling module has been studied and
the experimental results are analyzed. It showed that the
passive cooling loops using working fluid in phase change
are the useful systems. The tested module of the thermosy-
phon showed the good start-up time for different power input.
The system may dissipate the heating power of telecommuni-
cation cards up to 450 W. The operating temperature mea-
sured inside the outdoor telecommunication cabinet seems to
be stable at high heating flux of the telecommunication cards.
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