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ABSTRACT

As the recent trends in electronics development and their applications pose a big
challenge on heat dissipation. As the number of transistors increases with new generation of
microprocessor chips, the power draw and heat load to dissipate during operation increases.
As a result of ncreasing the heat loads and heat fluxes the conventional cooling technologies
such as fan, heat sinks are unable to absorb and transfer excess heat dissipated by these new
microprocessors. As a result it requires larger fans and larger heat sinks. So, new

technologies are needed to improve the heat removal capacity.

In present work two phase liquid cooling system is analyzed with different
refrigerants such as R-134a, R-600a and R410a at different heat inputs. As the heat absorbed
during phase change will be more as the latent heat of vaporization is more than sensible
heat. Refrigerants can change their phase easily at normal temperatures. A thermo siphon

effect is used to circulate refrigerant through the circuit.

An experimental set-up is fabricated which is based on the thermo siphon effect. A
solid heated aluminium block to simulate heat generated electronic component is used and
heat 1s supplied to the aluminium block similar to heat generated by electronics and cooling

system is placed over the heated block. The performance of cooling system is analyzed from

experimental data obtained. The results obtained are compared with the results of water.

205°C 1o

Results show that the surface temperature of aluminium block ranges from

50.6°C. which implies that the two phase cooling system with thermo siphon effect with

medium refrigerants can effectively cool down the CPU at different running status when

compared 1o using water, ethylene glycol and calcium chloride solutions.
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NOMENCLATURE

d = inner diameter of copper tube, m
D = Discharge, I/sec

A = Area, m’

Q = heat transfer rate to the water, W
Q 1= loss of heat energy, W

Q inpat = heat mput to the heater, W
Maow = mass flow rate of water, Kg/s
G, = Specific heat, Kj/(kg-k)

AT = Temperature difference, K

T = inlet Temperature of water, K
To= outlet Temperature of water, K
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INTRODUCTION

The electronic components have been ruling the world for few decades. They have
made its way into practically every aspect of modern life, from toys and appliances to high
speed computers. An electronic component depends on the passage of electric current to
perform their duties, and they become potential sizes for excessive heating since the current
flow through a resistance is accompanied by heat generation. Electronic devices are at the
heart of almost all major industrial and military equipment. Some of these are power drives,
insulated-gate  bipolar transistor (IGBT) controllers, radio-frequency (RF) generators,
magnetic resonance imaging (MRI) machines, traction devices for locomotives, battery
chargers. UPS(uninterrupted power systems), DC-AC converters, AC-DC inverters, and
army tanks (using transmission fluid already at a high temperature). The high-power, high-
heat-flux demands on the cooling system cannot be met with air cooling, and advanced liquid

cooling solutions are necessary.
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Fig: 1.1 Moore’s law (number of transistors vs. year)

According to Moore’s law as shown in Fig 1.1 the number of transistors mounted on
a chip gets doubled for every two years. As the number of transistors increase with
development of chip integration technology, the power draw and heat load to dissipate during

operation increases. With the development of chip integrated circuits gradual decrease in size



“the components has resulted drae ‘ )
of the components has resulted drastic Increase i the amount of heat generation per unit

, > Tinless BT ” _
volume. Unless they are properly designed and controlled high rates of heat generation result

i the failure of electronic component due 1o high operating temperature.

The failure rate of electronic components increases with increase in temperature. A

hot spot created within the electronic components due to low transfer rates seems to be major
farlure problem. Therefore thermal control has become increasing important in the design
and operation of electronic equipment. There has been a dramatic shift in cooling high-power
devices m the industry during the past decade. Ajr cooling has sufficed for many lower
power clectronic devices. Although it is quite difficult to make a distinction based on total
power dissipation, it seems that beyond a range of about 1500 W dissipation, there are many
physical and design constraints that may dictate a shift toward liquid as the preferred

medium.

Today, the energy for cooling conventional air cooled data centre systems can be
significantly reduced by switching to liquid cooling. This is because the much lower thermal
resistance nherent in liquid use enables cooling above the free cooling limit thus eliminating
the need for coolant chillers. The free cooling limit represents the minimum temperature at
which the coolant can effectively transport heat from a chip to ambient conditions without
the need for an additional chiller. Additionally and perhaps more importantly, if hot water in
the temperature range 50°C-70°C is used to cool electronic chips, direct utilization of the

collected thermal energy becomes feasible.

As a result of increasing heat loads and heat fluxes conventional cooling technologies
such as fan heat sink are unable to absorb and transfer the excess heat. As a result it requires

large fans and large heat sinks or new techniques are needed to improve the heat removal

capacity.

In order to provide greater cooling efficiency many IT systems are currently
developing and employing liquid cooling systems. Liquid cooling systems are typically more
compact relative to similarly rated air cooling systems and have lower power requirements
due 1o the improved thermo-physical properties of liquids as compared to air. The liquid best
suited thermally for liquid cooling 1s water due to 1ts high specific heat and thermal

conductivity, as well as high availability and environmental friendliness. In the present work



an attempt has been made to experimentally study a liquid cooling system with water as
coolant and analyze the pump power for these fluids at different flow rates.
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LITERATURE REVIEW

The followmng is . : .
Mg 15 a review of the research that has been completed especially on

‘ . , _
electronics cooling. The literature survey is arranged according to similarity to the work done

in this thesis.

Moore 1] in his classical paper predicted the future of integrated electronics
and the advantages of integration. Integrated circuits will lead to such wonders as home
computers, automatic controls for automobiles and personal portable communication
equipments. The development has been possible only due to integration of millions of
transistors, but one of the problem is heat problem. According to his predictions the number
of transistors will get doubled every two years and a heat transfer solution to chip 1s a

continuous research.

Kanlikar and Grande [2] studied the increased circuit density on today’'s computer
chips is reaching the heat dissipation limits for technology, the direct liquid cooling of chips
is being as a viable alternative. This paper reviews a liquid cooling with internal flow
channels in technological options and challenges. The possibilities presented here in indicate
a four to increase in heat flux over the air cooled system. The road map for single phase
cooling technology is presented to identify opportunities in meeting the cooling demands of
future IC chips. The use of micro channels that incorporate either microstructures in the
channels or grooves in the channel surface may lead to significant enhancements in single
phase cooling. A simplified and well established fabrication process 1s described to fabricate

both classes of three dimensional micro channels.

Wahib Owhaib and Bjorn Palm [3] studied the heat transfer characteristics of single
phase forced convection of R = 134a through single circular micro channels with 1.7, 1.2, 0.8
mm as inner diameter were investigated experimentally. The results were compared both to
correlations for the heat transfer in the macro scale channels and to correlations suggested for
micro scale geometries. The results show good agreement between classical correlations and

experimentally measured data in the turbulent region. Contrary, none of the suggested



~orrelations for micro che sls aoreed w .
§ : ro channels agreed with the data. In the laminar region the heat transter

co-ethcient 1s almost identical for all three diamete s

Kenmith and Goodson et : .
d Goodson et al [4] vestigated the performance of micro channel cooling
~ “f o> .‘ - ‘ron ~AoQ . g N =
system for microprocessor and found that the surface temperatures are below the air cooling

technmiques.

Stemkel and Kanlikar (5] studied the single phase heat transfer enhancement
techniques are well established for conventional and compact heat exchangers. The major
techmiques include flow transition, breakup of boundary layer, entrance region. vibration,
clectric fields, swirl flow, secondary flow and mixtures. In the present paper, the applicability
of these techniques for single phase flows in micro channels and mini channels is evaluated.
The mucro channels and mini channel single phase heat transfer enhancement devices will
help the applicability of single phase cooling for critical applications, such as chip cooling,

before more aggressive cooling techniques, such as flow boiling are considered.

Mahopatra [6] studied that cooling of electronic parts has become a major challenge
in recent times due to the advancements in the design of faster and smaller components. As a
result. different cooling technologies have been developed to efficiently remove the heat
from these components. The use of a liquid coolant has become attractive due to higher heat
transfer co-efficient achieved as compared to air cooling. Coolants are used in both single
phase and two phase applications. A single phase cooling loop consists of a pump, a heat
exchanger and a heat sink. The heat source in the electronics system 1s attached to the heat
exchanger. Liquid coolants are also used In two phase system, such as heat pipes, thermo-

siphons; sub cooled boiling, spray cooling and direct immersion systems.

S M Sohel Murshed[7] in his paper stated that with superior thermal properties and
cooling features, nanofluids offer great promises to be used as coolants tor high-tech
clectronic devices and industries. The emerging techniques like microchannels with these
new fluids can be the next-generation cooling technologies.

I'he workshop[8] “Thermal Challenges n Next Generation Electronic Systems

(THERMES 2007)" was held January 7 to 10, 2007, in Santa Fe, discussed the serious

challenges facing thermal engineers as technology scaling continues. Design ot ICs 1s facing



difficulties in sustaining supply and threshold voltage scaling to provide the required

limit energy consumption,
rehability. Increased leakage power and

! CC Increase, o . , .
performance 1 g control power dissipation, and maintain

greater  variation highlight the need for
electrothermal codesign of electronic Systems. Various process and design techniques are

currently used to provide answers to the challenges faced in IC design, particularly the high
power consumption.

Yury[9] investigated experimentally the thermosiphon effect arising in the real HTS
cable cooling system in the presence of elevation difference which can be used to save
coolant circulation pump power. The study was carried out using 200 m DC SC PT line at

the Chubu University. Experimental facility was not adapted to utilize natural circulation, but

because we have achieved record low values of the pressure drop, it was allowed direct

observation both the natural effect (caused by the heat penetrating through the insulation) and
effect due to intentional local heating of LN2. The obtained results show that by using bypass

between termination cryostats the natural circulation can occur at the flow rate of about 4
I/min.

Todd Salamon and Raffaele L. Amalfi [10] exconducted an eperimental study to
analyse the thermal performance of a two-phase pump-driven loop for electronics cooling is
presented, with the target application being a telecommunications equipment shelf having
multiple circuit pack cards each dissipating several hundred Watts of power. The upward
flow boiling heat transfer and pressure drop of R134a within an evaporator prototype
fabricated with 18 individual microcooling zones to cool multiple electronics heat sources
was investigated. The electronic heat sources were emulated by multiple copper heater
blocks with embedded cartridge heaters, where each heat source was capable of dissipating
more than 100 W, for a total power dissipation larger than 1800 W. Experimental results

demonstrated the best cooling capability at a mass flow rate of 140 kg/h,

Raffacle .. Amalfi and Todd Salamo [!11] conducted an experimental study to
investigate the thermal performance of a two-phase thermosiphone for electronics cooling is
presented in this article. In this study, the thermosiphone evaporator was connected via a
riser and a downcomer to an ultra-compact condenser operating as a refrigerant-to-refrigerant

counter flow heat exchanger. The secondary side of the condenser evaporated R134a from a



‘bus Iime” to condense the working fluid in the thermosiphone. Experiments were carried out
for fillimg ratios ranging from 60% to 76%, heat loads from 102 W to 1841 W, secondary
side mass flow rates from 40 kg/h to 120 kg/h, inlet subcoolings from about 0 K to 5 K, and
saturation pressures from 600 kPa to 730 kPa. Robust thermal performance was observed for
the entire range of operating test conditions. In particular, at the optimum filling ratio of
65%. secondary side mass flow rate of 80 kg/h, inlet subcooling close to 0 K and saturation
pressure of 600 kPa, the mean temperature difference from the evaporator to inlet coolant
was only 9.4 K. Experimental results demonstrated an increase of 14X in heat density

dissipation. 19X increase in energy efficiency and a virtually noiseless system compared to
the air-cooled thermosiphone.

Suwat Trutassanawinl and Eckhard A. Groll [12] in his classical paper concluded

that The muniature-scale vapor compression  refrigeration system is one of the most

promising alternative cooling techniques for high heat dissipation electronics cooling. It
maintains an operating chip temperature below the ambient air temperature, increases
reliability and life cycle time due to a lower and constant operating temperature, and provides
high system performance. An ongoing experimental and theoretical research effort will focus
on optimuzing the size and performance of this technology for a variety of operating
conditions and a given set of design conditions.

Kai Zhu and Xueqgiang Li,[13] developed a mathematical model and was developed
10 simulate the operation of the electronics. Through the comparison between the simulated
results and the experimental data, good agreements have been observed. Based on the
validated model, the dynamic performance of LHP under the measured running status of
CPU has been investigated. The highest and lowest operation temperatures of evaporator,
which are 73.1 and 47.5 oC respectively, are in the safe operation temperature range. The
charging rato of working fluid 1s a key parameter that can clearly aftect the performance of
the heat pipe. There exists an optimal ratio. When keeping the charging ratio constant, a

larger evaporalor area 15 more favourite.

Mehd: Bahiraei and Saced Heshmatian[14]carried out investigations on application
of nanofluids in electronics cooling. Various aspects such as liquid block geometry,

nanoparticle material, numerical approach, and second law of thermodynamics were



10

considered. Most of the numerical and experimental studies have indicated that nanofluids

result in a better thermal performance compared with conventional coolants in terms of

thermal resistance of heat sinks, average temperature of heating surface, maximum

temperature of heating surface, convective heat transfer coefficient, Nusselt number as well

as the temperature uniformity on surface of electronic processors.
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HISTORY OF ELECTRONICS COOLING

1.1 INTRODUCTION

The field of electronics deals with the construction and utilization of devices that
mvolve current flow through vacuum,

a gas, or a semiconductor. This exciting field of
ates back 101883, when Thomas Alv

acuum tube served ag the found

science and engineering d

a Edison discovered the
vacuum diode. The \

ation of the electronics industry until the
1950s, and played a central role i the dev

clopment of Radio, Radar. and the Digital
Computer.

The nvention of the bipolar transistor in 1948 marked the beginning of the new era in

the clectronics industry and the obsolescence of vacuum tube technology transistor circuits

performed the functions of the vacuum tubes with greater reliability, while occupying

negligible space and consuming negligible power compared with v
transistors w

above 100°

acuum tubes. The first
ere made from germanium. Which could not function properly at temperatures

C.Soon they were replaced by silicon transistors, which could operate

at much
higher temperatures.

The next turning point in electronics occurred inl1959 with the introduction of the

mtegrated circuits (IC), where several components such as diodes, transistors, resistors and

capacitors are placed in a single chip. The number of components packed in a single chip has

been increasing steadily since then at an amazing rate, as shown in Figure 3.1

There has been a dramatic shift in cooling high-power devices in the industry during
the past decade. Air cooling has sufficed for many lower power electronic devices. Although
it1s quite difficult to make a distinction based on total power dissipation,

beyond a range of about 1500 W dissipation, there

it seems that
are many physical and design constraints
that may dictate a shift toward liquid as the preferred medium . Liquid cooling manages the
heal loads of high watt density applications across all industries. Liquid Cold Plates are the
most effective way 10 optimize liquid contact with hot surfaces and have the highest heat
transfer. Water cooling is a method of heat removal trom components and industrial

€quipment .As opposed 1o air cooling, water is used as heat conductor. Water cooling 15

commonly used for cooling automobile, internal combustion engines and large ndustrial
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facilities such as steam electric power plants, petroleum refineries and chemical plants and

cooling heat exchangers.

The first mtegrated circuits contained only a few transistors. Called "Small-Scale
Integration” (SS1), digital circuits containing transistors numbering in the tens provided a few
logic gates for example, while carly lincar ICs such as the Plessey SL201 or the Philips
TAA320 had as few as two transistors. The term Large Scale Integration was first used by
IBM scientist Rolf Landover when describing the theoretical concept, from there came the
terms for SSI. MSI, VLSI, and ULSI.

The continued miniaturization of electronic components has resulted in medium-scale
integration (MSI) in the 1960s with 50-1000 components per chip, large-scale integration
(LSI) n the 1970s with 1000-100,000 components per chip and very large-scale integration
(VLSI) in the 1980s with 100,000-10.000.000 components per chip.

To reflect further growth of the complexity, the term ULS/ that stands for "ultra-

large-scale ntegration" was proposed for chips of complexity of more than 1 million

ransistors.

Wafer-scale integration (WSI) is a system of building very-large integrated circuits
that uses an entire silicon wafer to produce a single "super-chip". Through a combination of
large size and reduced packaging, WSI could lead to dramatically reduced costs for some
systems, notably massively parallel supercomputers. The name is taken from the term Very-

Large-Scale Integration, the current state of the art when WSI was being developed.

A system on a chip (SOC) is an integrated circuit in which all the components needed
for a computer or other systems are included on a single chip. The design of such a device
can be complex and costly, and building disparate components on a single piece of silicon
may compromuse the efficiency of some elements. However, these drawbacks are oftset by
lower manufacturing and assembly costs and by a greatly reduced power budget: because

signals among the components are kept on-die, much less power is required.

A three dimensional integrated circuit (3D-1C) has two or more layers of active
electronic components that are ntegrated both vertically and horizontally into a single

circuit. Communication between layers uses on-die signaling, so power consumption is much



ver than m ¢ > > i :
lower quivalent separate circuits. Judicious use of short vertical wires can

substantially reduce overa]| wire length for faster operation
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Fig: 3.1 Year V/S No. of chips

3.2 HEAT GENERATION IN ELECTRONIC COMPONENTS

Electronic equipment has made its way into practically every aspect of modern life,
from toys and appliances to high-power computers. The reliability of the electronics of a
system is @ major factor in the overall reliability of the system. Electronic components
depend on the passage of electric current to perform thewr duties, and they become potential

sites for excessive heating, since the current flow through a resistance is accompanied by



Jeat generntion Continued nEtanzZation of e tronic wystemns has resulted n a dramiati

e i the amount of Bent penerae ) )
nereast penerated per unit volume comparable i magnitude 1o tho
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Fhe flure rate of electronic campment aincreanes exponentially with temperature

Also, the high thermal stresses i (e solder jomts of electionic components mounted on

curcutt boards resulting from temperatre varations arc major causes of faillure, Therelore

thermal control has become mereasmgly important m the destgn and operation of electronic

equipment

Heat 15 gencrated - aresistive element lor as long as current continues 1o flow

through 1t Thiscreates a heat buildup and subsequent temperature al an around the

component. The temperature of (he component will continue 1o rise until the component 15

destroyed unless heat is transferred away from it The temperature of the component will

remam constant when the rate of heat removal from it is cquals to the rate of heat generation.

JINECESSITY OF COOLING OF ELECTRONIC COMPONENTS

In-this chapter, we discuss several cooling lechniques commonly used in electronic
equipment such as conduction cooling, natural convection and radiation cooling, forced-air
cooling, hiquid cooling, and immersion cooling. This chapter is intended 1o familianze the
reader with these techniques and put them into perspective. The reader interested in an in-
depth coverage of any of these topics can consult numerous other sources available, such as
those histed in the references.

Computer cooling 1s the process of removing heat from computer  components.
Because a computer system's components produce large amounts of heat during operation,
this heat must be dissipated m order to keep these components within their safe operating
temperatures. In addition to mamtaining normative function, varied cooling methods are used
0 cither achieve greater processor performance (over clocking), or else o reduce the noise

pollution caused by typical (i.c. cooling fans) cooling methods (cf. ergonomics).
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Components which produce heat and are susceptible to performance loss and damage
inelude mtegrated  circuits such — as CpUs, chipset and graphics  cards, along with hard
drives (though excessive cooling of hard drives has been found to have negative ettects)
Overheated parts generally exhibit a shorter maximum life-span and may give sporadic
problems resulting n system freezes or crashes.

Both tegral (manufacturing) and peripheral means (additional parts) are used to
keep the heat of cach component at a safe operational level. With regard to integral means.
CPU and GPUs are designed entirely with energy efficiency, including heat dissipation, 1n
mind, and with each advance CPUS/GPUs generally produce less heat ( though this increased
efficiency 1s always used to increase performance, producing similar heat levels as earlier
models anyway). Cooling through peripheral means is mainly done using heat sinks to
mcrease the surface area which dissipates heat, fans to speed up the exchange of air heated
by the computer parts for cooler ambient air, and in some cases soft cooling, the throttling ot
computer parts in order to decrease heat generation

In operation, the temperature levels of a computer's components will rise until the
temperature gradient between the computer parts and their surroundings 1s such that the rate
at which heat 1s lost to the surroundings is equal to the rate at which heat is being produced
by the electronic component, and thus the temperature of the component reaches equilibrium.

For reliable operation, the equilibrium temperature must be sutticiently low for the
structure of the computer's circuits to survive. Additionally, the normal operation of cooling
methods can be hindered by other causes, such as:

Dust acting as a thermal insulator and impeding airflow, thereby reducing heat sink and fan
performance.

Poor airflow including turbulence due to friction against impeding components, or improper
ornientation of fans, can reduce the amount of awr tlowing through a case and even create
localized whirlpools of hot air n the case.

Poor heat transfer due to a lack or poor application of thermal compounds.

Microprocessor is a device which 1s made up of millions of transistors of which each
group of transistor works on various functions in fraction of seconds to given signal. A small

microprocessor works on several instructions given and within a fraction display the results.
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Due to finely packed semi conductors with in a confined space say 1 c¢cm will obviously
generate heat due to resistance thus gradually increase in temperature is observed.
The performance of the microprocessor will drop exponentially with every 10 ¢ rise

of temperature in the microprocessor as shown in Figure 3.2

Failure factor fy

1 1 1 1

20 40 60 80 100 120

Temperature °C

Fig: 3.2 Failure Rate Vs Temperature

3.4 COOLING LOAD OF ELECTRONIC COMPONENTS

Cooling load of electronic components is accompanied by the amount of heat
dissipation. The most general way to find out the amount of heat dissipated from the
clectronic component is to measure the voltage applied and electric current across the

component under full load condition and substitute them in relation.

W=V I=I°RWhere, W, is the electric power consumption of

the electronic devices
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1.8 PRESENT COOLING SYSTEMS

In most computers, fans do 3 pretty good job of keeping electronic components cool.

But for people who want to use high-end hardware or coax their PCs into running faster, a

fan might not have enough power for the Job. If a computer generates too much he

at, hiquid
cooling, also known

A% water cooling can be a better solution It might seem a little

counterintuitive to put liquids near delicate electronic equipment, but cooling with water 1s
far more efficient than cooling with ajr.

Present cooling system such as air cooling, liquid cooling .submerged cooling,

thermoelectric cooling and heat pipes etc., we are having good enough heat fluxes of 500 to

1000 watt/cm’, but beyond this heat fluxes the above stated cooling may not be sufficient

hence there is need for further research in the field of electronic chip cooling to create
superior cooling technologies.

The main mechanism for water cooling is convective heat transfer. Cooling water is
the water removing heat from a machine or system. Cooling water may be recycled through a

recirculation system or used in a single pass once-through cooling (OT() system.

Recirculation systems may be open if they rely upon cooling towers or cool

Ing ponds to
remove heat or closed

if heat removal is accomplished with negligible evaporative loss of

cooling water. A heat exchanger or condenser may separate non-contact cooling water from a
fluid being cooled or contact cooling water may directly impinge on items like saw blades

where phase difference allows €asy separation. Environmental regulations emphasize the

reduced concentrations of waste products in non-contact cooling water.

3.6 RECENT TRENDS IN ELECTRONICS COOLING

In current electronic devices, power dissipation increases with each new design. It
Was already in 1965 that Dr. Gordon Moore, co-founder of Intel, postulated his

"Moore’s
lawn

- His law predicted that scmicunduclor-u'ansislor-dcnsily and their corresponding power

Outputs roughly double every 18 months. Although Dr. Moore made his predictions in 1965

hlslor)' Seems 1o validate the 40 years old prediction of Dr. Moore Fig: 3.3 Moore’s law is

also relevany for power dissipation.
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J.7TELECTRONICS COOLING IN DIFFERENT APPLICATIONS

The cooling techniques used in the cooling of electronic equipment vary widely.
depending on the particular application.  Electronics equipment designed for airborne
apphcations such as aplanes, satellites, space vehicles, and missiles offers challenges to
designers because 1t must fit into odd-shaped spaces because of the curved shape of the
bodies, yet 1o be about to provide adequate paths for the flow of fluid and heat  Most such
clectrome cquipment are cooled by forced convection using pressurized air bled off a
compressor This compressed ai 1s usually at a high temperature, and thus it is cooled first
by expandmng it through a turbine  The moisture i the air 1s also removed betore the air 1s
fouted 10 the electrome boxes But the removal process may not be adequate under ramy
condiions Therefore, electronics i some cases are placed m sealed finned boxes that are

extemally cooled to ehmimate any direct contact with electronic components

Electronic equipment m space vehicles s usually cooled by a hquid circulated

through (he components, where heat 1s picked up. and then through a space radiator. where



20

the waste heat 1s radiate e shac
adiated into deep space g about 0 K. Note that radiation 1s the only heat

transfer mechanism for reyee o
clecting heat 1o (he vacuum environment for space, and radiation

ace properties,
can be obtained by special coatings

exchange depends strongly on <ue ‘ _
SRESIESL Desirable radiation properties on surfaces
and surf

ace treatments, When electronics is sealed boxes
are cooled by a liquid flowing through he

outer surface of the electronics box, 1t 1s important
to run a fan in the bo

X 10 cire e air. sine :
irculate the ajr, since there are no natural convection currents in
space because of the absence of 3 gravity field.

The manufacturers of electronic devices usually specify the rate of heat dissipation

and the maximum allowable component temperature for reliable operation. These two

numbers help us determine the cooling techniques that are suitable for the device under
consideration.

3.8 TYPES OF COOLING SYSTEMS FOR ELECTRONIC COMPONENTS
38.1 AIR COOLING

Alr cooling is a method of dissipating heat. It works by expanding the surface area of
or increasing the flow of air over the object to be cooled, or both. An example of the former
is to add cooling fins to the surface of the object, either by making them integral or by
attaching them tightly to the object's surface (to ensure efficient heat transfer). In the case of
the latter, it is done by using a fan blowing air into or onto the object one wants to cool. The

addition of fins to a heat sink increases its total surface area, resulting in greater cooling

effectiveness. Following are the different types of air cooling,
38.L.1 NATURAL CONVECTION

Low-power electronic systems are conveniently cooled by natural convection and
radiation. Natural convection cooling is very desirable, since it does not involve any fans that
may break down. Natural convection is based on the fluid motion caused by the density
differences in a fluid due to a temperature difference. A fluid expands when heated and
becomes less dense. In a gravitational field, this lighter fluid rises and initiates a motion in
the fluid called natural convection currents. Natural convection cooling is most effective

When the path of the fluid is relatively frec of obstacles, which tend to slow down the fluid,
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and 1s Jeast effective when the fluid has 1o pass through narrow flow passages and over many

obstacles

Coo e

Hot object

Natural convection heat transter fram 4 hot b ody

Fig: 3.4 Natural convection cooling by air

3.8.1.2 FORCED CONVECTION

We mentioned earlier that convection heat transfer between a solid surface and a fluid
is proportional to the velocity of the fluid. The higher the velocity, the larger the flow rate
and the higher the heat transfer rate. The fluid velocities associated with natural convection
currents are naturally low. and thus natural convection cooling is limited to low -power
electronic systems. When natural convection cooling 1s not adequate, we simply add a fan
and blow ar through the enclosure that houses the electronic components. In other words, we
fesort 1o forced convection in order to enhance the velocity and thus the flow rate of the fluid
4 well as the heat transfer. By doing so, we can increase the heat transfer coefficient by a
factor of up to about 10, depending on the size of the fan. This means we can remove heat at

much higher rates for a specified temperature difference between the components and the air.
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Fig: 3.5 Forced convection cooling of microprocessor by air

(1) In Desktops

Fans are generally mounted in the following locations front, rear. top, and side The
fans on the front of the case are usually primary intakes, drawing ambient temperature air in
0 pass across hot components. The top and rear fans are exhausts, expelling the warm air out
of the case and away from the internal components. In the past this simple air exchange was
enough. but in modern systems with powerhouse (and often multiple) video cards, large
banks of RAM, and over docked CPUs, more thought needs to be put into how air travels

through an enclosure.

Fig: 3.6 Cooling of CPU
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(i) In High Density Computing
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Some manu facturers expressively take advantage of this effect

Fig: 3.7 Cooling of heavy data centers

(iii) IN LAPTOP COMPUTING

In order to keep the CPU and other components within their operating temperature
range, most laptops use air cooling with a fan as shown i Fig 3.8, Because the air 18 fan
forced through a small port, it can clog the fan and heat sinks with dust or be obstructed by
objects placed near the port. This can cause overheating, and can be a cause of component
failure 1n laptops. The severity of this problem varies with laptop design. its use and power
'PU power dissipation, this problem can be

dissipation. With recent reductions mn (

dticipated to reduce in severity.
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Fig: 3.8 Lap top cooling
3.8.2 LIQUID COOLING

Liquids normally have much higher thermal conductivities than gases. and thus much

higher heat transfer coefficients associated with them Therefore, liquid cooling is far more
effective than gas cooling. However, liquid cooling comes with its own risks and potential
problems, such as leakage, corrosion, extra weight, and condensation. Therefore, liquid
cooling 1s reserved for applications involving power densities that are too high for safe
dissipation by air cooling. Liquid cooling systems can be classified as direct cooling and

indirect cooling systems.

3.8.2.1 DIRECT COOLING

Direct iquid (immersion) cooling brings the coolant in direct contact with the back of
the chip. Historically, the coolant considered was a dielectric (e.g., fluorocarbon coolants or
FCs) primarily because it would also be in direct contact with the chip interconnects and
substrate top surface metallurgy (TSM). For this exercise, it is assumed that water can be
brought in direct contact with the back of the chip. Obviously a seal or barrier preventing
water from contacting the inter connects or TSM is needed. For now, it 1s assumed that such

a scal/barrier is technically feasible.



Spray
Nozzle

Processor
Chip

Substrate

Fig: 3.9 Direct liquid cooling

1822 INDIRECT COOLING

The heat generated in this case is first transferred to a medium such as a cold plate before it is
carmied away by the liquid.

In such cases a good thermal conduction path is provided from the microelectronic
heat sources to a liquid cooled cold-plate attached to the module surface, as shown in
Fig3.10. Since there is no contact with the electronics, water can be used as the liquid
coolant, taking advantage of its superior thermo physical properties. Indirect liquid cooling

“ystems of electronic devices operate Just like the cooling system of a car engine, where the

waler (actually a mixture of water and ethylene glycol) circulates through the passages
aound the cylinders of the engine block, absorbing heat generated in the cylinders by
combustion. The heated water is then routed by the water pump to the radiator, where it 1s
cooled by air blown through the radiator coils by the cooling fan. The cooled water is then
rerouted 1o the engine to transfer more heat To appreciate the effectiveness of the cooling
¥stem of a car engine, it will suffice to say that the temperatures encountered in the engine
Olinders are typically much higher than the melting temperatures of the engine blocks In an

Clectronic system, the heat i1s generated in the components stead of the combustion

—
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Fig: 3.10 Indirect liquid cooling

183 LIQUID SUBMERSION COOLING

An uncommon practice 1s to submerse the computer's components in a thermally
conductive hiquid. Personal computers that are cooled in this manner do not generally require
any fans or pumps, and may be cooled exclusively by passive heat exchange between the
computer's parts, the cooling fluid and the ambient air. Extreme component density
supercomputers such as the Cray-2 and Cray T90 used additional liquid to chilled liquid heat

exchangers n order to facilitate heat removal.

The liquid used must have sufficiently low electrical conductivity m order for it not to
interfere with the normal operation of the computer's components. If the liquid 1s somew liat
clectrically conductive, it may be necessary to insulate certain parts of components
susceptible to electromagnetic, such as the CPU. For these reasons, it is preferred that the

hquid be dielectric.




27

[iquids  commonly nse
ed thig Manner |
X mclude
anufactured for this purpose | Yanous liquids
man 1 by 3M. such % Phiorinry quds mvented and
et Vanous o
s, mchiding but not

ymited 10 €cookIng motor apg stheon
€ 0lls have 4 be
pel conal computers N successfully

used for cooling

Fvaporation can pose a pr
Problem. anq the liquid may
ofilling or sealing mside the computer's enclo €quire either be regularly

sure. Liquid
. . . may also slowly <
damage components, pamcular]y C"I’Rcitors ca J hr seep mto and

using an initia '
y fu
after hours o1 dﬂ,\ S immersed e e

Fig: 3.11 Immersed cooling

384 PASSIVE HEAT SINK COOLING

Passive heat sink cooling involves attaching a block of machined or extruded metal to
the part that needs cooling. A thermal adhesive may be used, or more commonly for a
personal computer CPU, a clamp is used to affix the heat sink right over the chip, with
alhermal grease or thermal pad spread between. This block usually has fins and ridges to
increase its surface area. The heat conductivity of metal is much better than that of air, and its
ability to radiate heat is better than that of the component part it is protecting (usually
an integrated circuit or CPU). Until recently, fan cooled aluminum heat sinks were the norm
for desktop computers. Today many heat sinks feature copper base-plates or are entirely
made of copper, and mount fans of considerable size and power.

Heat sinks tend to get less effective with time due to the buildup of dust between thewr

metal fins, which reduces the efficiency with which the heat sink transfers heat o the
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ambient air. Dust build up can be countered with a g

as duster by blowing away the dust
along with any other unwanted excess material

Passive heat sinks are commonly found as shown in Fig 3.7 on older CPUs, parts that
do not get very hot (such as the chipset). and low-power computers

Usually a heat sink is attached to the integrated heat spreader (IHS). It essentially 1s a
large flat plate attached to the CPU (with conduction paste layered between). The plate 1s
used to dissipate or spread the heat locally. Unlike a heat sink, its intent is to redistribute heat

and not to remove it. In addition, the IHS offers protection to the fragile CPU. Passive
cooling avoids the generation of fan noise.

Fig: 3.12 Passive heat sink fitted on a Intel GMA graphics chip

38.5ACTIVE HEAT SINK COOLING

Active heat sink cooling (Fig 3.13) uses the same principle as passive, with the
addition of a fan that is directed to blow over or through the heat sink. The moving air
increases the rate at which the heat sink can exchange heat with the ambient air.
Active heat sinks are the primary method of cooling a modern processor or graphics
card

The build-up of dust is greatly increased with active heat sink cooling as the fan is
continually taking in the dust present in the surrounding air. As a result, dust removal

procedures need to be exercised much more frequently than with passive heat sink methods.

B

«
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. 313 Activ . .
Fig: 3.13 Active heat sink with a 120mm fan located inside the unit and attached fan
controller in background

386 THERMOELECTRIC COOLER

A thermoelectnic cooler is an active cooling technique based on the Peltier effect
which 1s caused by a temperature difference at the Junction of two conductors, made out of a
different matenal, when a dc current is passing through these conductors. A typical
thermoelectric cooling device consists of two ceramic layers, wherein between several pairs
of P-type and N-type of semiconductors are mounted. These thermoelectric pairs are
electrical n series and thermal in parallel. A thermoelectric device can contain a few hundred

paurs as shown in Fig 3.14.
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Fig: 3.14. Thermoelectric device
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. 7LIQUIDNITROGEN

As liquid nitrogen evaporates at -196 °C"_ far below the freezing point of water, it 15

\aluable as an extreme coolant for short over clocking sessions

In a typical installation of liquid nitrogen cooling as shown in Fig 315, a copper of
glyminium pipe 1S mounted on top of the processor or graphics card After bemng heavily
insulated against condensation, the liquid nitrogen is poured into the pipe, resulting Principle
scheme of a thermoelectric cooling device. Since the charge carriers move in a different
direction in each leg. each carries heat away from the cold end. A thermoelectric cooler 1s a
colid-state cooler and thus has many advantages over conventional heat exchangers They
nave the advantage of not having moving parts, or any type of fluid. Therefore, they produce
q0 noise and can be made very compact. However, one main problem overrules all the

henefits: it has a low efficiency and more power is needed than the device can cool

By welding an open pipe onto a heat sink, and insulating the pipe, it is possible to
cool the processor either with liquid nitrogen, which has a temperature below —196°C, or dry
ice. However, after the nitrogen evaporates, it has to be refilled. In the realm of personal
computers, this method of cooling is seldom used in contexts other than over clocking tnal-
runs and record-setting attempts, as the CPU will usually expire within a relatively short

period of time due to temperature stress caused by changes in internal temperature.

Fig: 3.15 Liquid nitrogen may be used to cool an over clocked PC.
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188 LIQUID HELIUM

Liquid helium. colder than liquid nitrogen, has also been used for cooling. Liquid

’ o
helum evaporates at -269 °C. and temperatures ranging from -230 to -240 °C have been
measured from the heat sink.

1.9 NEED OF TWO PHASE COOLING FOR ELECTRONIC CHIPS

In most computers, fans do a pretty good Job of keeping electronic components cool.
But for people who want to use high-end hardware or coax their PCs into running faster, a
fan might not have enough power for the job. If a computer generates too much heat. two
phase cooling can be a better solution. It might seem a little counterintuitive to put
refgerants near delicate electronic equipment, but cooling with refrigerants is far more

efficient than cooling with air.

Usually air and liquid cooling is not suitable for higher capacity heat generating
systems so an alternative is two phase cooling which serves the purpose to cool high heat
generating systems.

Good compatibility micro electronic circuit.
Low auxiliary system support requirements.
High reliability.

Low operating and maintenance.

Low initial cost system

3.9.1 LIMITATIONS OF THE LIQUID COOLING SYSTEM

Unfortunately there are a large number of disadvantages to liquid cooling in computer
systems these days. Some of the most prominent disadvantages are size and technical skills
required to mstall a kit.

Liguid cooling kits require a large amount of space within the computer case to work
effectively. In order for the system to work properly, there must be space tor items such as

the impeller, the fluid reservoir and the tubing, fan and power supplies. This has a tendency

to require larger desktop system cases to fit all of these parts within the computer case itself.
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It is possible to have much of the system outside of the case, but then it would take up space

in or around the desktop.

Since hiquid cooling 1s a fairly new technology to PC computers, it still requires @
significant level of technical knowledge 1o install. While there are kits to purchase from some
of the cooling manufacturer's out there they still need to be custom installed into the PC case.
Each case has a different layout so the tubes must be cut and routed specific to make use of
the room within the system. Also, if the system 1s not properly installed, leaks could cause
severe damage to the components inside of the system. There is also the possibility of

njuring to the individual installing the system into the computer.

3.9.2 LIMITATION OF AIR COOLING

In spite of above qualities air cooling has its own limitations they are heat carrying
capacity of the air i1s considerably low compared to liquids. Tremendous drop in the
performance of air cooling system occurs when chip heat fluxes are exceeding beyond 80
W/em®. One cannot the electronic chips without making the size of the heat sinks bulky and

fan becoming bigger.

3.9.3 IMPORTANCE OF LIQUID COOLING

Starting from the era of mainframe computers of 80s to the present day laptops and
other microprocessor — based applications, the computation speed has gone up many folds. It
1 for sure that in coming years the microprocessor based equipment will influence the
human life in a significant manner. The users of laptop computers must be aware of the fact
that the computer hardware generates heat; this is due to the fact that no device works on 100
percent efficiency. Hence, some losses are bound to take place in the electronic circuit and
these losses are evident in the form of heat generation in the chips. Therefore, all, the

electronic devices generates heat due to dissipation of energy in the circuit.

With the advent of VLSI (very large scale integration) technology the heat dissipation
in the circuit has gone up many folds with every new design. So, nowadays, the
semiconductor industry is facing the problem of fast removal of heat from the chip and the

system. The problem of heat removal from the electronic chips is an old one. However,
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recently 1t has become very prominent due to the increasing numbers of circuits being packed
mto single chip and at the same time, the dimensions of the chip are also shrinking. This is
resulting in the heating up of chips and consumption of more power. In light of the ongoing

developments in the area of electronics the Moore’s Law still holds well today, even after

forty years, as the data density has doubled approximately every 18 months. Most experts

agree that the Moore’s Law wil| hold for at least another two decades.

Today the heat dissipation rate from clectronic chips is touching 100 W / cm?, which
is supposed to be very high heat dissipation rate. Further, these chips are confident in a tight
place in the system and this creates serious problem of cooling these microelectronic chips.
In fact, poor thermal management shortens the life of these chips. Since, high power-small
size scenario is prevalent in the electronjc industry for many years the microprocessor
cooling system should be more and more compact, efficient and should be designed as an

ntegrated part of the cooling system. There are a number of cooling options of electronic
chips. Some of the options are discussed below in brief.

The heat absorbed during phase change will be more when compared to sensible
heating makes it possible to allow greater heat dissipation. Consequently two phase cooling
is much more efficient than air and water cooling and becomes even more efficient when
fluid is forced to move through circuit using external agents. According to Tuckerman and

Peace Unfortunately liquid cooling has some disadvantages, corrosion, high space

requirement and an increase of weight in comparison with air cooled systems. In this the

need of two phase cooling with thermosiphone effect is explained.

3.9.4 ADVANTAGES OF TWO PHASE THERMOSIPHONE COOLING SYSTEM

Two phase thermosiphone cooling is a much more efficient system at drawing heat
away from the processor and outside of the system. This allows for higher clock speeds in the

processor as the ambient temperatures of the CPU core are still within the manufacturer's

specifications.
The other benefit of two phase thermosiphone cooling is the reduction of noise within
the computer. Most current heat sink and fan combinations tend to generate a lot of noise for

the fans that need to circulate air over the CPU and through the system. Many high
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;‘forﬂﬂn‘.:e ?PLS require fan speeds m excess of 7000 TPm that generate noise of 60~
gecibels of noise. Over clocking 2 CPU requires even more airflow over the CPU_ but when 2
~wo phase thermosiphone solution. there is much less noise. -
Generally there are no moving parts in ths cooling system. It just consists of heat
smk and condenser coil. These are generally fairly low in noise. This system doesn't need
any external and supply or pumps or fans. The space retirement 1s \er;' less compared 10

jiquid cooling system.
1.0.5 THERMOSIPHONE

A thermosiphone is an indirect-contact passive liquid cooling system. where the
cooling fluid is forced to perform a phase transition during its cooling cycle. Tests on
prototypes have already reached heat fluxes of 150W/cm2. Different lay-outs are present: the
ordinary thermosiphone, the loop thermosiphone and the pulsated two phase thermosiphones
(PTPT). The ordinary thermosiphone consists only of one interconnection between the
evaporator and condenser. The vapor phase and liquid phase travels through the same tube.
The difference with heat pipes lays in the fact that no use is made of capillary structures, but
only gravity is used to bring back the liquid phase to the evaporator. The most important
limitation in this design is the traveling speed of the liquid through the hot vapor phase: this

limitation is relieved in the loop thermosiphone.

The so called loop thermosiphones consist of an evaporator and a condenser, which

are connected to each other in a closed loop system. In the interconnection tube from the

evaporator 1o the condenser the heat carrier is only vapor. This vapor is transformed in the

condenser back to the liquid phase which flows through the interco
condenser back to the evaporator. This one is pictured on the right in Fig.3.16.

nnection tube from the
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Fig: 3.16 Thermosiphone effect

Ihe working principle of an ordinary thermosiphone and of a loop thermosiphone is
such that the heat flows from the heat source through an interface in the evaporator into the
coolmg lurd - The interface is usually structured which benefits the boiling speed. The
coohng hiquid 1s transformed in the evaporator to its vapor phase, which will, on its tumn, be
transformed back to the liquid phase in the condenser. The vapor phase will rise by its
thermodynamic characteristics to the higher placed condenser, where the condenser liquid
will flow back to the evaporator due to gravity. Thus the main disadvantage of these first two
types of thermosiphones is the necessity to place the condenser always above the evaporator
which conflicts with all mobile and many stationary applications. This major disadvantage
can be overcome in some other types of closed loop thermosiphones: some natural
convection thermosiphones were realized where the condenser could be placed at different
positions below the evaporator. In the third type of thermosiphones, the pulsated two phase
thermosiphone (PTPT), this disadvantage secems to be fully solved: the condenser could be
placed at any position with regards to the evaporator. The working principle of the PTPT 1s
shghtly different from a loop thermosiphone, because an additional accumulator tank 1s
postioned i the liquid line in order to force a periodic pulsation of pressure. These devices

are characterized by a periodic heat transfer regime. An example is pictured on the left n fig

V16

The main advantage of a thermosiphone 15 that no pump 1s needed, so no external

energy has to be applied. Another advantage is the absence of moving parts in the system,

Which results in a high reliability. These two advantages are no longer valid for the PTPT,
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but this one has more design freedom 1)

the high flexibility that cqp be obta
interconnection tubes very long,

the evaporator. On the other hand

han the other thermosiphones. The |

small and the
ined: the Cvaporator can be very small an
SO the condense

ast advantage 1s

‘ y 0f
r doesn’t have (o be mounted just on top «

a danger for leakage exists.
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REFRIGERANTS

4.1 R-134a

R134a is also known as Tetrafluorocthane (CF3CH2F) from the family of HFC
refrigerant. With the discovery of the damaging effect of CFCs and HCFCs refrigerants to
the ozone layer, the HFC family of refrigerant has been widely used as their replacement. It
;s now being used as a replacement for R-12 CFC refrigerant in the area of centrifugal, rotary

screw. scroll and reciprocating compressors. It is safe for normal handling as it is non-toxic,

non-flammable and non-corrosive. It exists in gas

the boiling temperature is -14.9°F or -26.1°C.

This refrigerant is not 100% compatible with the lubricants and mineral-based
refrigerant currently used in R-12. Design changes to the condenser and evaporator need to

he done to use this refrigerant. The use of smaller hoses and 30% increase in control pressure

regulations also have to be done to the system.

4.1.1 Properties of R-134a

form when expose to the environment as

Table: 4.1 Physical properties of R-134a

. T ]

SLno Properties

I D ————

! Boiling point
2 Auto ignition temperature
! Solubility in water

-

| Ozone depletion level

B

R 134a

I
-14.9°F or -26.1°C

e 1

0.11% by weightat 77°F

Bl ———
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f

-

Critical temperature

or 25°C ‘

252°F or 122°C

o |i Cylinder colour code Light blue colour
- S —
- Global warming potential (gwp) 1200 |
I .
s Critical pressure e
o Specific heat Haae £

Currently it is also being widely used in the air conditioning system in newer
automotive vehicles. The manufacturing industry uses it in plastic foam blowing.

Pharmaceuticals industry uses it as a propellant.

R134a is also being considered as an organic solvent suitable for extraction of flavor

and fragrance compounds, as a possible alternative to other organic solvents and supercrit ical
carbon dioxide. It can also be used as a solvent in organic chemistry, both in liquid
and supercritical fluid. It is used in the chamber particle in the Large Hadrons Collider. It 1s
also used for other types of particle detectors, €.g. some cryogenic particle detectors. It can
be used as an alternative to Sulphur hexafluoride in magnesium smelting as a shielding gas.
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Fig: 4.1 R-134a refrigerant can Fig: 4.2 R-134a structure

4.2 R-410a

R-410a is a zeotropic, but near-azeotropic mixture of difluoromethane (CH-F>, called
R-32) and pentafluoroethane (CHF:CF;, called R-125), which is used as a refrigerant in air
conditioning applications. R-410A cylinders are coloured pink. R-410A has replaced R-22 as
the preferred refrigerant for use in residential and commercial air conditioners in Japan,

Europe and the United States.

Unlike alkyl halide refrigerants that contain bromine or chlorine, R-410A (which
contamns only fluorine) does not contribute to 0zone depletion, and is therefore becoming
more widely used, as ozone-depleting refrigerants like R-22 are phased out. However R410a
has a high global warming potential of 2088, higher than that of R-22. Since R-410A allows
for higher SEER ratings than an R-22 system by reducing power consumption, the overall
impact on global warming of R-410A systems will be substantially lower than that of R-22

systems due to reduced greenhouse gas emissions from power plants.
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4.2.1 Physical properties

Table: 4.2 Physical properties of R-410a

r_ S e — S I
Skno Properties R 410a
I Boiling point -48.5°C
2 Auto ignition temperature 790°C
3 Solubility in water 0
4 Ozone depletion level 0
S "
Critical temperature 101.06°C
6 Cylinder color code Pink
7| Global warming potential (gwp) 2088
|
' 8 Critical pressure 4.86Mpa
| —
| . l' h l ‘
L Specific hea 0.3948KJ/kgK ‘
-]

-

o ity

-




Fig: 4.3 R-410a Refrigerant cylinder

4.3 R 600a

R 600a, also known as iso-butane, 2-methylpropane or methylpropane, is a chemical
compound with molecular formula HC(CH3)s. It is anisomer of butane. It is the
simplest alkane with a tertiary carbon. Isobutane is used as a precursor molecule in
the petrochemical industry, for example in the synthesis of isooctane. Isobutane is obtained
by 1somerization of butane. Isobutane is also used as a propellant for aerosol cans
and foam products. Isobutane is used as part of blended fuels, especially common in fuel
canisters used for camping.

Isobutane is used as a refrigerant. The use in refrigerators started i 1993

when Greenpeace presented the Green freeze project with the German company Foron In

this regard, blends of pure, dry misobutane” (R-600a) (that 1s, 1sobutane mixtures) have

negligible ozone depletion potential and very low global warming potential (having a value

of 3.3 times the GWP of carbon dioxide) and can serve as a functional replacement for R-

12, R-22, R-134a and other chlorofluoroci
air conditioning systems

wrbon or hydrofluorocarbon refrigerants in

conventional stationary refrigeration and

T e ..

e

———% -

L
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. a refrigerant, asobutane W g :
As 2 g ane poses an explosion risk addition to the hazards
ociated with non-flammable CFC refriger

. ants. Subs - ’
ass S Substitution of this refrigerant for motor

ir conditioning systems not ongmally designed for 1s0but
‘ S50bu

chicle |
vel anc 1s widely prohibited or
dnscuurngcd.

4.3.1 Physical properties.

Table: 4.3 Physical properties of R-600a

Skno Properties R 600a
| |
H——Jl——\ —_ ! .
1 Boiling point -14.9°F or -26.1°C
.77 e - ] o 7 {‘
2 Auto ignition temperature 460°C 1
|
i 3| Solubility in water 0 !
i ' |
e h
| 4 Ozone depletion level 0-1
[ ‘
s Critical temperature 0 ‘
} ‘ 134.98°C ‘
| Cylinder colour code Yellow i
}’_“‘V
7| Global warming potential (gwp) 3.3
8 | Critical pressure 3.66Mpa
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Fig: 4.4 R-600a refrigerants can  Fig: 4.5 Structure of R-600a

4.4 DESIRED PROPERTIES OF A REFRIGERANT:
1. Vapor density:
To enable use of smaller compressors and other equipment the refrigerant should

have smaller vapor density.

2. Enthalpy of vaporization:
To ensure maximum heat absorption during refrigeration, a refrigerant should have

high enthalpy of vaporization.

3. Thermal Conductivity:
Thermal conductivity of the refrigerant should be high for faster heat transfer during

condensation and evaporation.

4, Dielectric strength:
In hermetic arrangements, the motor windings are cooled by refrigerants vapor on its

way 1o the suction valve of the compressor. Therefore, dielectric strength of refrigerant is

important property in hermetically sealed compressor units.
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&, (ritical temperature:
In order to have large range of isothermal energy transfer, the refrigerant should have

critical temperature above the condensing temperature.

6. Specific heat:
To have mnimum change in entropy during the throttling process, the specific heat

should be minimum. For this, liquid saturation line should be almost vertical.

7. Leak tendency:

The refrigerant may leak out of the system. The problems with leakage are wearing

out of joint or the material used for the fabrication of the system. A denser refrigerant will
have fewer tendencies to leak as compared to higher density refrigerant. The detection of
leaks should be easy to loss of refrigerant. Leakage can be identified quickly if the refrigerant

has distinct color or odor.

8. Toxicity:
The refrigerant used in air conditioning, food preservation etc. should not be toxic In

nature as they will come into contact with human beings. Refrigerants will affect human

health if they are toxic.

9. Cost of refrigerants:
The quantity of refrigerant used in industries is very less. The cost of the refrigerants

is generally high when compared to other chemicals in the industry. Very low industry

professional will not take necessary action to control the leaks.

10. Availability:
Refrigerants should be available near the usage point. It must be sourced and

procured within a short period to enable the user in case of leaks, maintenance schedules etc.
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EXPERIMENTAL SETUP

5.1 INTRODUCTION

The main objective of our experimental investigation is to compare the effect of
cooling with the present technique with that of existing technique on electric components.
Cooling of Microprocessor is a hectic task which when not cooled the electronic components
may fail to work. In present work two phase liquid cooling system is analyzed with different
refrigerants such as R-134a, R600a and R410a at different heat mnputs. The surface
temperature of the heated aluminum block is tested at different heat inputs.

The Experimental Setup consists of:
1. Heat sink
An aluminium block
Condenser
k- Type Thermocouples.
Thermal interface material (TIM).
High density cartridge heater

Insulation (glass wool)

Temperature indicator

el s TR NI NP S SR

Voltage regulator

5.2 HEAT SINK ‘

Primarily a copper sink of size 40x40x20mm which is machined precisely with fin
like projections inside for enhancing the heat transfer rate to the refrigerant. It was made of
copper with a lid on upper side. It was made with provisions for refrigerant to flow inside
and flow outside. The sink 1s incorporating condenser tube. The sink 1s attached with copper

tube to form a loop of cycle. It 1s made up of copper as it has good thermal conducting

capacity.




48

Fig: 5.1 Heat sink

S.3 ALUMINIUM BLOCK

A solid aluminium block of overall dimensions 38 « 38 » 70 mm is used as heated
block to simulate any electronic device. A hole was precisely machined in the heated
aluminium block at the bottom surface to insert the high density cartridge heater. Any air gap
between the heater and the hole would damage the heater, so heater is fitted in to the hole
carefully such that there is no air gap between the two. The diameter and length of the heater
is 10 mm and 40 mm respectively. The top surface of heated aluminium block and bottom
surface of copper plate are polished to minimize the gaps. To measure the surface
temperature of the heated aluminium block two K type thermocouples were inserted in to the

top surface of the heated aluminium block.

Fig: 5.2Bottom side of aluminium block Fig: 5.3 Top surface of aluminium block
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CETHERMAL INTERFACE MATERIALS

4 Thermal Imerface Material 1s used to fill the gaps between thermal transfer
sataes wich a3 between microprocessors and heat sinks, in order to increase thermal
vamber efficency These gaps are normally filled with air which 1s a very poor conductor.
Chermal merface material 15 shown i Figure 49 The heated aluminium block and the heat

ik after applicaton of thermal nterface material are shown in Figures 4.10 and 4.11

respeatively
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Fig: 5.6 Thermal interface material (TIM)

Fig: 5.6.1 Aluminium block after application of TIM

They take many forms. The most common is the white-colored paste or thermal
grease, typically silicone oil filled with aluminum oxide, zinc oxide, or boron nitride. Some
brands of thermal interfaces use micronized or pulverized silver.

Another type of TIM is the phase-change materials. These are solid at room
temperature but liquefy and behave like grease at operating temperatures. They are easy to

handle and are not messy.

5.6.1 Guidelines for Thermal Interface Materials
Five factors affect the choice, use, and performance of the interface matenal used

between the processor and the heat sink.
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['hermal conductivity of the material

I-lectrical conductivity of the material

Spreading characteristics of the material

[ ong-term stability and reliability of the material

[ase of application

5.6.2 Thermal Properties:

Thermal and interface resistance as function of pressure.

Heat capacity and mass density.

5.6.3 Mechanical Properties:

Thermal expansion

Moisture diffusion

Generally thermal compounds contain chemical composition of ceramic materials like Na;O,

Si0;, B;03;, ALO; and microscopic sintered materials like Ag, Cu, Au etc, Different

interface materials used are Elastomer pads, Thermal adhesives, gels, and solders, greases,

phase change materials.

5.7 HIGH DENSITY CARTRIDGE HEATER

A high density cartridge heater of 150 W is used to heat the aluminium block which
simulates any electronic device. A hole was precisely machined in the aluminium block at
the bottom surface to insert the high density cartridge heater. The diameter and length of the

heater is 10 mm and 40 mm respectively. A dimmer stat is used to supply electric current

through the high density cartridge heater at any required voltage. By using voltmeter and

ammeter the supplied voltage and current to the heater is measured. The high density

cartridge heater is shown in Figure 5.6.

Cartrnidge heaters arc most frequently used for heating metal parts by wsertion nto

installation, the heaters are made slightly undersize relative to their
are rated by wattage and Watt density (Watts per

e wattage by operating the

drilled holes. For casy
nominal diameter. All cartridge heaters

square inch). In some applications it may be useful to derate th
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cartridge heater at a lower voltage. When Operating at lower voltages. the wattage 1s derated
using the following formula

(Operating Voltage/Rated Voltage)® x Wattage at Rated Voltage = Derated Wattage

The tightly compacted refractory insulation provides excellent heat transfer to the
heavy wall stainless steel sheath. This means the resistance wire runs at a lower temperature
than competitive units with loose-fjl| insulation. The result is much longer life. This heavy-
duty construction also provides high dielectric strength as well as shock and vibration
resistance required for many industrial applications.

Fig: 5.7 High density cartridge heater

5.7.1 Determining Watt density
The term "Watt density" refers to the heat flow rate of surface loading. It 1s the

number of Watts per square inch of heated surface area. The Watt density calculation would
be as follows:
Watt density = W/ (anx D x HL)
Where, W = wattage
D = diameter.

HL= heater length



S INSULATION

Insulation s provided to arrest heat flow in other directions so that heat will flow in

apwand direction only In our experimental setup glass wool is used as the insulator. Glass

woolin an insulating material made from fibers of glass arranged using a binder into a

rexture sitlar 0 wool - The process traps many small pockets of air between the glass, and

these small ar pockets result in high the

rmal nsulation properties

Fig: 5.8 Glass wool

SO TEMPERATURE INDICATOR

In our experimental setup a digital temperature indicator is used. It works with
clectnical input. The k-type thermocouples are attached at other end so that e.m. f induced in
the thermocouple 1s taken by the indicator and converted into digital signal and displays the

[emperature value

Fig: 5.9 Temperature indicator



<10 VOLTAGE REGULATOR
It1s used for regulating the heat input by changing the voltage of power supply. In
order to give various heat inputs to the heater. it is employed. In general dimmer stat is used

for voltage regulation in ac current

Fig: 5.10 Voltage regulator

S.11 EXPERIMENTAL SETUP

The general layout of experimental setup is shown in Fig4.13. The major
components are heated aluminium block, heat sink made with copper and copper tubes, high
density cartridge heater, thermocouples and condenser coil. An aluminium block of size 40 -
40 » 70 mm which simulates the heat generated by any electronic equipment 1s used as the
heated block. A hole 1s precisely machined in the aluminium block to insert the high density
cartridge heater of capacity 150 W. Any air gap between the heater and the hole would

damage the heater, so heater is fitted in to the hole carefully such that there 1s no ar gap

between the two parts

i

-
4 |

Fig: 5.11 Line diagram of experimental setup
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For heat sink copper material is machines so that a chamber is created with fin like
projections on the inner base to improve heat transfer rate. The copper heat sink is covered
with a copper lid so that refrigerant is not exposed to atmosphere. The overall dimension of
copper sink 15 40*40*20mm. The top surface of aluminium block and bottom surface of
copper sink are polished to minimize the gaps. Copper heat sink is placed firmly on the top
qurface of the aluminium block by using spring force to decrease the thermal resistance. The
assembly of the aluminium heated block and heat sink is shown in Fig 4.14. To improve the
thermal conductance between the heat sink and heated aluminium block, thermal interface

material (TIM) 1s applied between aluminium block surface and heat sink.

Fig: 5.12 Heat sink and aluminium block assembly

Three K-type thermocouples are inserted into the surface of the aluminium block at
different locations to measure the surface temperature of the heated aluminium block.

To minimize the thermal losses to the surroundings glass wool of thickness 40mm 1s
provided all around the heat sink and heated aluminium block assembly. The whole assembly
is placed inside a wooden box of size 120x120%150 mm as shown in Fig 4.15. One more

thermocouple is attached to the wooden box to find out the temperature of the insulation

provided.



Fig: 5.13 Wooden box with glass wool

Now the heat sink is connected to condenser coil by a copper pipe. The inlet to
condenser coil is on top lid and outlet of condenser colil i.e., the inlet to the copper heat sink
1s provided on the side wall of heat sink. So that the refrigerant enters the heat sink through
its mlet and evaporates due to heat from the heat sink. Refrigerant in liquid state comes from

condenser coil due to gravity. The evaporated refrigerant escapes from heat sink through the

outlet due density change.

The refrigerant flow takes place due to thermo siphon effect. The evaporated
refrigerant moves up due low density. The condenser i1s now provided on upper side that 1s at
some level. The evaporated refrigerant now cooled and condensed by the air cooled
condenser A dimmer stat is used to supply electric current through the high density

cartridge heater at any required voltage. By using voltmeter and ammeter the supplied

voltage and current to the heater is measured.
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Fig: 5.14 Experimental setup
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EXPERIMENTAL PROCEDURE

6.1 EXPERIMENTAL PRO( EDURE

Initially the setup s tested o ensure that there is no Jeak in the circuit. For this the
setup 1s run with pure refrigerant without giving any heat flux. The refrigerant 1s filled ar
Y0psi e, at 6.20bar using a check valve. First the suction 1s created by a suction pump and
then refrigerant is filled from the refrigerant can. The leakage test 1s done by using the bubble
method. Soap solution is applied 10 entire circult. Any escaping refrigerant produces bubbles
at the leak points. By using dimmer stat constant heat flux is apphed to high density cartrnidge
heater. The voltmeter, ammeter, wattmeter and dimmer stat are used for electrical

measurement
The heater is then calibrated by heating a certain amount of water for a given time.
The efficiency if cartridge heater 15 obtained at different heat inputs,

For cach heat nput from cartridge heater, surface temperature of heated aluminium
block and surface temperature of wooden box are taken periodically by using digital
temperaturce indicator. The readings are taken till the system reaches steady sate. For each

heat input the surface temperature of the aluminium block is measured.

The refrigerants are now changed by repeating same procedure and the results are
taken for different heat inputs. The refrigerants used are R134a, R-600a and R410a.
6.2 CALCULATIONS

6.2.1 Calibration of heater:
From the energy balance cquation the heat loss is calculated. Heat energy carried
away by water 1s given by Q = mpouw CAT = mCp(To-T) ) time ----- (1)

Heat loss 1s calculated by using

‘)Im- (.)mpul ()

Volume of water taken = | liter
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Density of water = 1000kg/m*
Specific heat of water C;,- 4.18 kJ/Kg k
Mass of water = density * volume
= 1000*1liter
=1000*0.001
= lkg
Mass of water taken (m) = 1 kg
Input given to the heater Q= mCp(ti-t2)/time
=1*4.18*1000%*(23.2-20)/600
=22.29 joules
Heat input given Qinput - V*I
= 83%0.38
=31.54 joules

Heat loss Qioss =Qinput Q= 31.54-22.29

= 9.25 joules

Efficiency = Qinpu —Q/Q = 9.25/31.54

=0.707
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RESULTS & DISCUSSIONS

The surface temperature  of  heated aluminium  block  which stimulates  the
electronically component 1s the mdication of performance of the cooling system. The
experiments were conducted with utmost care and readings were tabulated. The values
obtained from the experiments with water at different heat inputs and with different
refrigerants are plotted on graphs and compared with the air, deionized water, calcium
chloride ethylene glycol and peltier cooling. The convection heat transfer co-efficient is
calculated at each flow rate of water on different heat sinks and the effect of convection heat
transfer co-efficient on surface temperature of the heated aluminium block is plotted on
graph

The tables 7.7, 7.8 and 7.9 gives the surface temperatures of aluminium block

for two phase thermosiphone cooling with R-134a, R-600a and R-410a respectively. When

compared to each other R-134a is giving better cooling for electronics.

When two phase cooling system is compared with the results of other fluids such as
delonized water, ethylene glycol and calcium chloride, it is giving better cooling. From the
Figure7.11 1t is clear that two phase cooling with refrigerants is better performance when 1t is

compared with peltier.

The water cooling and thermosiphone cooling are performing similar 1.¢.. giving
sumular surface temperatures but the construction of thermosiphone cooling is very simple,

easy to install and doesn’t need any external power input for circulation of refrigerant.

Table: 7.1 Heat input and surface temperature for conventional air cooling

Slno | Heat input(watt) Surface
temperatur’C
s 53.5
2 50 78
| 2
3 | 100 114.5
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Fable: 7.2 Heat input and surface temperature for peltier cooling

Slno Heat mput(wart) Surlace
temperatur O
l )5 ‘ 131
2 S0 674
3 100 ] 94.6

Table: 7.3 Surface temperature for water cooling for different flow rates at different
heat inputs

Skno | Flow rate (IVmm) | 7 Surﬁicc'lcmpcralur"(‘

S asw CUsW 100w
1 1.1 345 39.7 [ 48
2| 1.4 | 25 w5 46
3] 1.7 323 375 453
4 18 30.2 36.7 44
5 22 3.2 36.5 433
6 2.7 3l 355 42

Table: 7.4 Surface temperature of aluminium block by two phase cooling for R-134a

Slno | Heat inpul(wiut) | Surface temperature'C '\

’ 1 10 295 |

| 2 0 ' 26

A T N 1 15.9 '

—_—m “
4 40 41.3

' 5 50 44.6 ‘
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Table: 7.5 Surface temperature of aluminium block by two phase cooling for R-6002

Skno [ Heat input(watt) ‘ Surface
temperature'C
1 10 | 31.2
2 20 ‘ 346
3 ‘ 30 ‘ 420
:' T 40 ‘ 447 i
5 50 46.3

Table: 7.6 Surface temperature of aluminium block by two phase cooling for R-410a

T Slno Heat input(watt) Surface
\ temperature’C

1 10 35.0
=" 2 20 39.1
IT 3 30 411
! 4 40 459
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CONCLUSIONS

Two phase thermosiphone cooling system is designed for cooling of electronic
components with different refrigerants. Experiments are carried out at various heat inputs
with these refrigerants and from the results obtained, the performance of Two phase
thermosiphone cooling system are analyzed. From the obtained results following conclusions

were made.

1. Heat source surface temperature will go beyond safe limit even for small heat

flux. if no heat sink is used.

When the heat input is 10W and refrigerant R-134a is used, the minimum surface

!\)

temperature of 29.5°C is attained and which is almost equal to that of ambient

temperatures.

3. When each refrigerant is compared with each other, R-134a is giving low

temperatures at same heat inputs given.

4. For maximum heat input considered i.e., at S50W, R-134a, R-600a and R-410a

given surface temperatures 44.6, 46.3and 50.6 respectively.

5. The refrigerant R410a is giving better values at maximum heat inputs as its

int is high when compared to other refrigerants compared.

boiling po
erants is cooling the

6. It is observed that the two phase cooling system with refrig

electronics very efficiently compared with other cooling systems.
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