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Summary

Overheating is a critical factor in the functionality of many high power density
electronic devices (microprocessors, telecommunications, solar cells, wind power,
photovoltaic, electric traction systems, thermoelectric devices, etc.). The reliability,
lifetime and efficiency of these devices are severely limited by the speed at which the

heat generated during their operation is dissipated.

The electronic world nowadays evolves towards smaller devices and components with
greater operating capacity and consequently with greater generation of heat (density of
heat flow). This increase in heat flow together with the component miniaturization
result in a cooling needs increase and therefore the power consumption associated
therewith. As an illustrative example of the weight of refrigeration’s power consumption
on total power consumption, the study by EMERSON network power is shown, figure
1.

Building Switchgear [ Computing Equipment 52% Category
MV Transformer 3% —————_— (Demand) g
Lighting 1% Computing 588 kW
Lighting 10 kw
UPS and distribution
losses 72 kW
Support
Systems 48% Cooling power draw for
(Supply) computing and UPS losses 429 kW
Building switchgear/MV
transformer/other losses 28kw
min— P —storagedx | TOTAL 1,127 kw
UpsS 3%,.’—-*""# ———___Communication
: Equipment 4%

Figure 1. Analysis of a typical 5,000-square-foot data center shows that demand-side computing equipment accounts
for 52 percent of energy usage and supply-side systems account for 48 percent.

" This represents the average power draw (kW). Daily energy consumption (kWh) can be captured by multiplying the power draw by 24.

The study shows that 38% of the total power consumption of a 450 m? data centre is due
to the cooling system. It seems obvious the need to improve cooling systems efficiency
and / or reduce data centre power consumption, cascade effect. Effect due to which, a
1W power consumption reduction of a server leads to a 2.84W reduction of the data

centre, figure 2.
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The Cascade Effect

1 Wit
soved here

Soves anadditional  and .31 W here
JBW here

amd 04 W here
and . 14 W here

1 Watt saved at the processor saves approximately W ke
2.84 Watts of total consumption Fio 3

= Cumuilative Saving 410w
and. 10 W here

Figure 2. With the Cascade Effect, a 1-Watt savings at the server-component level creates a
reduction in facility energy consumption of approximately 2.84 Watts.
However, reducing the component's consumption by 1W means reducing its operating

temperature, ie increasing its refrigeration.

As for the Peltier thermoelectric devices, the fact of having an efficient heat extraction
from both hot and cold sides directly influences the efficiency of the Peltier (cooling

capacity or energy conversion capacity), figure 3.
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Figure 3: Evolution of the cooling capacity and efficiency as a function of the temperature rise

As the temperature difference between the hot and cold side of the Peltier increases,
"AT", the maximum cooling capacity "QLmax" decreases and so does its COP
(Coefficient of operation) "COPmax". This temperature rise "AT" is greater as greater
the thermal resistance or efficiency of the heat extraction device placed on both sides of

the Peltier (discussed in this thesis) is. It is therefore essential to improve the efficiency
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of these cooling systems (heatsinks) in order to obtain the maximum of Peltier systems

(either as a refrigerator or as a converter).

The above examples and many others in industrial refrigeration highlight the
importance of efficient refrigeration technologies. However, as far as the world of
electronics is concerned, there is a fundamental aspect when looking for efficiency in
refrigeration and it is the high heat densities that occur in it. These high heat densities
mean that traditional cooling systems (fin radiators) are not efficient. In this work, a
rapid analysis of the influence of the radiator parameters on its thermal resistance is

made.

The increase in the efficiency of refrigeration happens to extract more heat under the
same temperature jump without that implies devices of great volume (not admitted in
the electronic world). High heat extraction technologies with similar or slightly higher
sizes than those of heat sources (electronic component, Peltier) are sought. In addition,
they must ensure the minimum temperature difference between the hot spot (heat
extraction) and the cold point (heat expulsion), devices such as the heat pipe "LHP".
This work focuses on this type of device: performance, key parts and their

improvement.

For this, a numerical model able to predict the LHP operation as a function of
constructive parameters and dissipation needs has been developed. Likewise, the
construction and testing of such a device have been carried out for the cooling of a

4cmx4cm surface device generating about 50W heat power.

Also, an analysis of the primary and secondary wick’s behaviour and the importance of
obtaining a very high capillary pumping is made. There are different technologies for
the manufacture of these wicks, although the 3D Printing "SLM" technology has been
used. This technology allows to create wicks with a customized internal structure and

adapted to the thermal requirements, innovative part of the work.
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Resumen.

El sobrecalentamiento es un factor critico en la funcionalidad de muchos dispositivos
electrénicos de alta densidad de potencia (microprocesadores, telecomunicaciones,
celdas solares, inversores edlicos, fotovoltaica, sistemas de traccion eléctrica,
dispositivos termoeléctricos, etc...). La fiabilidad, vida atil y eficiencia de estos
dispositivos estan fuertemente limitadas por la velocidad a la que es disipado el calor

gue generan durante su funcionamiento.

El mundo electrénico hoy dia evoluciona hacia dispositivos, componentes, mas
pequefios con mayor capacidad de operacidn y en consecuencia con mayor generacion
de calor (densidad de flujo de calor). Este incremento de flujo de calor unido a lo
reducido del tamafio de los focos generadores hace que se incrementen las necesidades
de refrigeracion y por tanto los consumos ligados a ello. A modo de ejemplo ilustrativo
del peso que la refrigeracion tiene sobre el consumo total de operacion, se muestra el

estudio realizado por la empresa EMERSON network power, figura 1.

Building Switchgear | Computing Equipment 52% Category
MV Transformer 3% ——————— (Demand) .
Lighting 1% Computing 588 kw
Lighting 10 kw
UPS and distribution
losses 72 kW
Support
Systems 48% Cooling power draw for
(Supply) computing and UPS losses 429 kW
Building switchgear/MV
transformer/other losses 28 kw
E— _—storage4% | TOTAL 1,127 kW
UpS 5% —" —————_ Communication
: Equipment 4%

Figure 1. Analysis of a typical 5,000-square-foot data center shows that demand-side computing equipment accounts
for 52 percent of energy usage and supply-side systems account for 48 percent.

* This represents the average power draw (KW). Daily energy consumption (kWh) can be captured by multiplying the power draw by 24.
Del estudio realizado se comprueba que el 38% del consumo total de un centro de
calculo de 450 m?, es debido al sistema de refrigeracion. Parece evidente la necesidad
de mejorar la eficiencia en los sistemas de refrigeracion y/o reducir los consumos del
data center, efecto cascada. Efecto debido al cual, la reduccion en 1W del consumo de
un componente del servidor conduce a una reduccion 2.84W en el consumo del centro

de célculo, figura 2.
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The Cascade Effect
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Figure 2. With the Cascade Effect, a 1-Watt savings at the server-component level creates a
reduction in facility energy consumption of approximately 2.84 Watts.

Ahora bien, reducir 1W el consumo de un componente pasa por reducir su temperatura

de operacion, es decir, incrementar su refrigeracion.

En cuanto a los dispositivos termoeléctricos-Peltier el hecho de contar con una

extraccion de calor eficiente de sus focos tanto caliente como frio influye directamente

en la eficiencia del Peltier (capacidad de refrigeracion o de conversion de energia),

figura3
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Figura 3: evolucién de la capacidad frigorifica y eficiencia en funcion del salto de temperatura

A medida que la diferencia de temperatura entre lado caliente y frio del Peltier, “AT”

aumenta, la capacidad maxima de refrigeracion "Qpmax" disminuye y lo mismo ocurre

con su COP (coeficiente de operacion) “COPmax”. Este salto de temperatura “AT”, es

mayor cuanto mayor la resistencia térmica o eficiencia del dispositivo de extraccion de

Xi
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calor colocado en ambas caras del Peltier (se analiza en esa tesis). Por consiguiente, es
fundamental el mejorar la eficiencia de estos sistemas de refrigeracion (disipadores) a
fin de obtener el maximo de los sistemas Peltier (bien como refrigerador bien como

CONVersor).

Los ejemplos anteriores y otros muchos dentro de la refrigeracion industrial resaltan la
importancia de contar con tecnologias de refrigeracion eficientes. Sin embargo, en lo
que al mundo de la electronica, Pelteir se refiere, existe un aspecto fundamental a la
hora de buscar la eficiencia en la refrigeracion y es las elevadas densidades de calor que
en él se producen. Estas altas densidades de calor obligan a que los sistemas
tradicionales de refrigeracion (radiadores de aletas) no sean lo todo eficientes que

pueden ser. En este trabajo se hace un rapido analisis de la influencia de la

confiquracién-disefio de un radiador sobre su resistencia térmica.

El incremento en la eficiencia de refrigeracion pasa por extraer de forma eficiente las
elevadas densidades de calor sin que ello implique dispositivos de gran volumen (no
admitido en el mundo electronico). Se buscan tecnologias de alta capacidad de
extraccion de calor con tamafios similares o ligeramente superiores a los de las fuentes
de calor (componente electrénico, Peltier) y que supongan una minima diferencia de
temperatura entre el punto de extraccion de calor y el punto expulsion del mismo.

Dispositivos como los loop heat pipe “LHP”. Este trabajo se centra en este tipo de

dispositivo: performance, partes clave y su mejora.

Para ello se ha desarrollado un modelo numerico capaz de reproducir el funcionamiento
del dispositivo en funcién de pardmetros constructivos y de necesidades de disipacion.
Asi mismo se ha llevado a cabo la construccion y ensayo de tal dispositivo para la
refrigeracion de un dispositivo de 4x4cm y unos 50W de potencia térmica.

Asi mismo se hace un anélisis del comportamiento de los “wick” tanto primario como
secundario de estos dispositivos y la importancia de la obtencion de obtener una muy
alta capilaridad. Existen diferentes tecnologias para la fabricacién de estos wicks, si
bien en este dispositivo se ha empleado el laser printing technology que permite crear
los wicks con la estructura interna personalizada y adaptada a los requerimientos

térmicos, parte innovadora del trabajo.

Xii
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1.1- Introduction

Since the 1970s the semiconductor industry (electronics) has been driven by the so-
called Moore's Law. Law, established in 1965 by George Moore, in which it was
affirmed that the number of components that could be integrated in a printed circuit
would grow exponentially in the time, which implied a manufacturing cost reduction
(cost per unit) and allowed the manufacture of more complex circuits in a single
semiconductor. Since 1970 the number of components per chip has been doubling
every two years, Moore's law. For decades, this law has been the driving force of the
semiconductor industry in particular and electronics in general thanks to the so-
called virtuous cycle, figure 1.1. A cycle in which advances in integration (cost
reduction, greater functionality) boost the semiconductor market and investments in

new technologies that in turn increase integration and reduce costs [1].

/' Transistor Scaling

=
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Investment Better Performance/Cost

Market Growth

LR

Figure 1.1 Moore law

However, this continuous advancement has led to the so-called "More than Moore"
technology which targets not only the transistor integration density increase
(miniaturization-digital) but also the diversification of functions (non-digital) in the

component.
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