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CHAPTER 3 

HISTORY OF ELECTRONICS COOLING 

Electronic cquipment has made its way into practically every aspect of modermn 

life, from toys and appliances to high-power computers. The reliability of the electronics 
of a system is a major factor in the overall reliability of the system. Electronic 

components depend on the passage of electric current to perform their duties, and they 
become potential sites for excessive heating, since the current flow through a resistance 

is accompanied by heat generation. Continued miniaturization of electronic systems has 

resulted in a dramatie increase in the amount of heat generated per unit volume, 
comparable in magnitude to those encountered at nuclear reactors and the surface of the 

sun. Unless properly designed and controlled, high rates of heat generation result in high 

operating temperatures for electronic equipment, which jeopardizes its safety and 

reliability. 

The failure rate of electronic equipment increases exponentially with temperature. 

Also, the high thermal stresses in the solder joints of electronic components mounted on 

circuit boards resulting from temperature variations are major causes of failure. 

Therefore, thermal control has become increasingly important in the design and 

operation of electronic equipment. 

3.1 INTRODUCTION 

The field of electronics deals with the construction and utilization of devices that 

involve curent flow through a vacuum, a gas, or a semiconductor. This exciting field of 

science and engineering dates back to 1883, when Thomas Edison invented the vacuum 

diode. The vacuum tube served as the foundation of the electronics industry until the 

1950s, and played a central role in the development of radio, TV, radar, and the digital 

computer. Of the several computers developed in this era, the largest and best known is 

the ENIAC (Electronic Numerical Integrator and Computer), which was built at the 

University of Pennsylvania in 1946. It had over 18,000 vacuum tubes and occupied a 

room 7 mX14 m in size. It consumed a large amount of power, and its reliability was 

poor because of the high failure rate of the vacuum tubes. The invention of the bipolar 

transistor in 1948 marked the beginning of a new era in the electronies industry and the 
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obsolescence of vacuum tube technology. Transistor circuits performed the functions o 

the vacuum tubes with greater reliability, while occupying negligible space and 

consuming negligible power compared with vacuum tubes. The first transistors were 

made from germanium. which could not function properly at temperatures above 100°C. 

Soon they were replaced by silicon transistors. which could operate at much higher 

temperatures. 

The next turning point in electronics occurred in 1959 with the introduction of the 

integrated circuits (lC), 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 Fig.3.1. The 

continued miniaturization of electronic components has resulted in medium-scale 

integration (MSI) in the 1960s with 50 to 1000 components per chip. large-scale 

integration (LSI) in the 1970s with 1000 to 100.000 components per chip, and very 

large-scale integration (VLSI) in the 1980s with 100,000 to 10,000,000 components per 

chip. Today it is not unusual to have a chip 3 cm X 3 cm in size with several million 

components on it. 
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Fig: 3.1 Increase in the number of components packed on a chip over the mieroprocessor 
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The development of the microprocessor in the early 1970s by the Intel Corporation 
marked yet another beginning in the electronics industry. The accompanying rapid 
development of large-capacity memory chips in this decade made it possible to 

introduce capable personal computers for use at work or at home at an affordable price. 
Electronics has made its way into practically everything from watches to household 

appliances to automobiles. Today it is difficult to imagine a new product that does not 

involve any electronic parts. 

3.2 HEAT GENERATION IN ELECTRONIC CHIP 

The current flow through a resistance is always accompanied by heat generation in 

the amount of I'R, where I is the electric current and R is the resistance. When the 

transistor was first introduced, it was touted in the newspapers as a device that "produces 

no heat." This certainly was a fair statement, considering the huge amount of heat 

generated by vacuum tubes. Obviously, the little heat generated in the transistor was no 
match to that generated in its predecessor. But when thousands or even millions of such 

components are packed in a small volume, the heat generated increases to such high 

levels that its removal becomes a formidable task and a major concern for the safety and 

reliability of the electronic devices. The heat fluxes encountered in electronic devices 

ranges from less than 1 W/em* to more than 100 W/cm. 

Heat is generated in a resistive element for as long as current continues to flow 

through it. This creates a heat build-up and a subsequent temperature rise at and around 

the component. The temperature of the component will continue rising until the 

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

component will remain constant when the rate of heat removal from it equals the rate of 

heat generation. 

3.3 FAILURE OF ELECTRONIC COMPONENT 

Individual electronic components have no moving parts, and thus nothing to 

wear out with time. Therefore, they are inherently reliable, and it seems as if they can 

operate safely for many years. Indeed, this would be the case if components operated at 

room temperature. But electronie components are observed to fail under prolonged use 

at high temperatures. Possible causes of failure are diffusion in semiconductor materials, 

chemical reactions, and creep in the bonding materials, among other things. The failure 

rate of electronic devices increases almost exponentially with the operating temperature, 
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as shown in Fig. 3.2. The cooler the electronic device operates. the more reliable it 1s. A 

rule of thumb is that the failure rate of electronic components is halved for each 10°C 

reduction in their junction temperature. 

10 

9 failure rate at T 
T failure rate at 75°C 

20 40 60 /s0 100 120 140 
5 

Temperature. °C 

Fig. 3.2 Failure Factor vs Temperature 

3.4 NECESSITY OF COOLING OF ELECTRONIC 

cOMPONENTS 

Computer cooling is the process of removing heat from computer components. 

Because a computer systems components produce large amounts of heat during 

operation, this heat must be dissipated in order to keep these components within their 

safe operating temperatures. In addition to maintaining normative function, varied 

cooling methods are used to either achieve greater processor performance (over 

clocking), or else to reduce the noise pollution caused by typical (i.e., cooling fans) 

cooling methods (ergonomics) 

Both integral (manufacturing) and peripheral means (additional parts) are used to 

keep the heat of each component at a safe operational level. With regard to integral 

means, CPU and GPUs are designed entirely with energy efficiency, including heat 

dissipation, in mind, and with each advance CPUs/GPUs generally produce less heat 

(though this increased efficiency is always used to increase performance. producing 
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similar heat levels as earlier modes anyway). Cooling through peripheral means is 

mainly done using heat sinks to increase 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 of computer parts in order to decrease heat 

generation. 

In operation, the temperature levels of a computer component will rise until the 

temperature gradient between the computer parts and their surroundings is such that the 

rate at which heat is lost to the surroundings is equal to the rate at which heat is beingg 

produced by the electronic component, and thus the temperature of the component 

reaches equilibrium. 

For reliable operation, the equilibrium temperature must be sufficiently low for the 

structure of the computers 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 impending airflow, thereby reducing heat 

sink and fan performance. 

Poor airflow including turbulence due to friction against impending components, 

or improper orientation of fans, can reduce the amount of air flowing through a 

case and even create localized whirlpools of hot air in the case. 

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

Microprocessor is a device which is 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 the display results. Due to finely packed semiconductors with in 

a confined space say lcm 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 c rise of 

temperature in the microprocessor as shown in Fig. 3.3 
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Fig. 3.3 Failure rate vs Temperature 

3.5 COOLING LOAD OF ELECTRONIC COMPONENTS 

The first step in the selection and design of a cooling system is the determination 

of the heat dissipation. which constitutes the cooling load. The easiest way to determine 

the power dissipation of electronic equipment is to measure the voltage applied V and 

the electric current () at the entrance of the electronic device under full-load conditions 

and to substitute them into the relation 

W-V.-TR 

Where We is the electrie power consumption of the electronie device, which constitutes 

the energy input to the device. 

3.6 PRESENT COOLING SYSTEMS 

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 PC's into running 

faster, a fan might not have enough power for the job. Ifa computer generated too much 

heat, liquid cooling, also known as water cooling can be a better solution. It might seem 

a little counterintuitive to put liquids near delicate electronic equipment, but cooling 

With water is far more efficient than cooling with air. 
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Present cooling system such as air cooling, liquid cooling, submerged cooling. 
thermo-electric cooling and heat pipes etc., we are having good enough heat fluxes o 500 to 1000 w/cmí, 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 recycles 
through a recirculation system or used in a single pass once through cooling (OTC) 

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

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 easy separation. 
Environmental regulations emphasize the reduce concentrations of waste products in 
non-contact cooling water. 

Air cooling is a method of dissipating heat. It works by expanding the surface area 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. 

3.7 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 law. His law predicted that semiconductor transistor density and their 

corresponding power outputs roughly double every 18 months. Although Dr. Moore 
made his predictions in 1965, history seems to validate the 40 years old prediction of Dr. 

Moore Fig:3.4 Moore's law is also relevant for power dissipation. 
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Fig 3.4 Number of transistors per die as function of time. This figure validates Moore's 

assumption of 1965 

Miniaturization, integration of functionality, and the increase of clock speed are 

recognized business drivers in the electronics industry today. Consequences are the fast 

increase in power dissipation leading to higher heat fluxes, higher temperatures and 

larger temperature gradients. Handling these effects makes it more difficult to stay cost 

competitive, because expensive cooling solutions are needed. Therefore, reducing power 

dissipation will be a competitive advantage. 

3.8 ELECTRONICS COOLING IN DIFFERENT 3.8 
APPLICATIONS 

The cooling techniques used in the cooling of electronie equipment vary widely, 

depending on the particular application. Electronic equipment designed for airborne 

application. Electronic equipment designed for airbone applications such as airplanes, 

satellites, space vehicles, and missiles offers challenges to designers because it must fit 

into odd-shaped spaces because of the curved shape of the bodies, yet be able to provide 
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adequate paths for the flow of fluid and heat. Most such electronic equipment is coolca 

by forced convection using pressurized air bled offa compressor. This compressed air 1s 

usually at a high temperature, and thus it is cooled first by expanding it through a 

turbine. The moisture in the air is also removed before the air is routed to the electronic 

boxes. But the removal process may not be adequate under rainy conditions. Therefore, 

electronics in some cases are placed in scaled finned boxes that are externally cooled to 

eliminate any direct contact with electronic components. 

Electronic equipment in space vehicles is usually cooled by a liquid circulated 

through the components, where heat is picked up, and then through a space radiator, 

where the waste heat is radiated into deep space at about 0 k. Note that radiation is the 

only heat transfer mechanism for rejecting heat to the vacuum environment of space, and 

radiation exchange depends strongly on surface properties. Desirable radiation 

properties on surfaces can be obtained by special coatings and surface treatments. When 

electronics in scaled boxes are cooled by a liquid flowing through the outer surface of 

the electronics box, it is important to run a fan in the box to circulate the air, since there 

are no natural convection currents in space because of the absence of a gravity field. 

The manufacturers of electronic devices usually specify the rate of heat dissipation 
and the maximum allowable component temperatures for reliable operation. These two 

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

consideration. 

Supersonic gas turbine engines pose unique themal management challenges not 

encountered in subsonic engines. In both cases, compressor bleed air is used to cool 

various downstream engine components such as turbine blades and afterburner walls. In 

subsonic engines, compressor bleed air is cool enough to be used directly for 

downstream cooling purposes. However, in supersonic engines, compressor bleed air 

temperature is quite high and therefore a heat exchanger is needed to precool the air 

before it can effectively cool the downstream engine components. 

Compressor bleed air can be cooled by rejecting heat to either engine fan's bypass 

air or fuel. In some cases, depending on engine cycle requirements and thermal 

management architecture, using fuel as heat sink may allow a more compact and 

lightweight heat exchanger design than using air. 
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3.9 NEED OF AIR COOLING FOR ELECTRONIC CHIPS 

The need for new eooling techniques is driven by the continuing increases in power 

dissipation of electronic parts and systems. In many instances standard techniques 

cannot achieve the required cooling performance due to physical limitations in heat 

transfer capabilities. These limitations are principally related to the limited thermal 

conductivity of air for convection and copper for conduction. 

Fig 3.5 shows a comparison of various cooling techniques as a function of the 

attainable heat transfer in terms of the heat transfer coefficient. To accommodate a heat 

flux of 100 Wcm* at a temperature difference of 50 K requires an effective heat transfer 

coefficient (including a possible area enlarging factor) of 20.000 W/m K. From Figure I 

it can be concluded that there will be a need for liquid cooling in the future of thermal 

management. This article briefly discusses a number of promising thermal management 

technologies that are emerging for possible electronics applications. 
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Fig 3.5 Comparison of various cooling techniques as a function of the attainable heat 

transfer in terms of the heat transfer coefficient 

Air Cooling: I is generally acknowledged that traditional air-cooling 

techniques are about to reach their limit for cooling of high-power applications. With 

standard fans a maximum heat transfer coefficient of maybe 150 W/mK can be reached 

with acceptable noise levels, which is about | W/c for a 60°C temperature difference. 

Using 'macro jet impingement, theoretically we may reach 900 W/m K, but with 

unacceptable noise levels. Non-standard fans/dedicated heat sink combinations for CPU 

cooling are expected to have a maximum of abou 50 W/cm, which is a factor of 10 

higher than expected 15 years ago. However, SOme new iniiatIves have emerged to 
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extend the useful range of air-cooling such as piezo fans, 'synthetic' jet cooling and 

Nano lightning'. 

Piezo Fans: 

Piezoelectric fans are low power, small, relatively low noise, solid-state devices 

that recently emerged as viable themal management solutions for a variety of portable 

electronics applications including laptop computers and cellular phones. Piezoelectric 

fans utilize piezo ceramic patches bonded onto thin, low frequency flexible blades to 

drive the fan at its resonance frequency. The resonating low frequency blade creates a 

streaming airflow directed at electronics components. A group at Purdue reports up to a 

100% enhancement over natural convection heat transfer. 

3.9.1 LIMITATIONS OF AIR COOLING 

In spite of above qualities air cooling has its own limitations they are heat 

carrying capacity of the air is considerably low compared to liquids. Tremendous drop in 

performance of air cooling system when chip heat fluxes are exceeding 80 W/Cm'. One 

cannot make the electronic chips without making the size of the heat sinks bulky and fan 

becomes bigger. 

3.9.2 IMPORTANCE OF AIR coOLING 

Today the heat dissipation rate from electronic chips is touching 100 W/Cmn, 

which is supposed to be very high 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 electronic industry for many 

years the microprocessor cooling system should be more and more compact, eff+cient 

and should be designed as an integrated 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 higher convective heat transfer coefficients of liquids compared to air make it 

possible to allow greater heat dissipation. Consequently liquid cooling is much more 

efficient than air cooling and becomes even more efficient when fluid is forced to move 

through channles with very small dimensions. 
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3.10 TYPES OF COOLING SYSTEMS FOR ELECTRONIC 

COMPONENTS 

3.10.1 AIR COOLING 

Air cooling is a method of dissipating heat. It works by expanding the surface 

area 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. 

In all cases, the air has to be cooler than the object or surface from which it is 

expected to remove heat. This is due to the second law of thermodynamics, which states 

that heat will only move spontaneously from a hot reservoir (the heat sink) to a cold 

reservoir (the air). Following are the different types of air cooling. 

3.10.1.1 NATURAL CONVECTION 

Natural convection is a mechanism, or type of heat transport, in which the fluid 

motion is not generated by any external source (like a pump, fan, suction device, etc.) 

but only by density differences in the fluid occurring due to temperature gradients. 

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. 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 free of obstacles, which tend to slow down the tluid, and is least 

effective when the fluid has to pass through narrow flow passages and over many 

obstacles. 
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Fig 3.6 Natural convection currents around a hot object in air. 

The magnitude of the natural convection heat transfer between a surface and a fluid 

is directly related to the flow rate of the fluid. The higher the flow rate, the higher the 

heat transfer rate. In natural convection, no blowers are used and therefore the flow ratee 

cannot be controlled externally. The flow rate in this case is established by the dynamic 

balance of buoyancy and friction. The larger the temperature difference between the 

fluid adjacent to a hot surface and the fluid away from it, the larger the buoyancy force. 

and the stronger the natural convection currents, and thus the higher the heat transfer 

rate. 
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Fig 3.7 Natural convection through vent holes 
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3.10.1.2 FORCED CONVECTION 

Forced convection is a mechanism or type of transport in which fluid motion is 

generated by an external source (like a pump. fan. suction device. etc.). It should be 

considered as one of the main methods of useful heat transfer as significant amounts of 

heat energy can be transported very efficiently. We mentioned earlier that convection 

heat transfer between a solid surface and a fluid is proportional to the velocity of 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 not adequate. we simply add a fan and blow air through the 

enclosure that houses the electronic components. In other words, we resort to forced 

convection in order to enhance the velocity and thus the flow rate of the fluid as 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, or we can reduce the surface temperature of the components considerably for 

specified power dissipation. 

Hi 
Fig 3.8 Forced convection through cooling fins 

(i). In Desktops 

Fans are generally mounted in the folloW ing locations: front, rear, top, and side. 

The fans on the front of the case are usually primary intakes, drawing ambient 

lemperature air in to 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 power house (and 

often multiple) video cards, large banks of RAM, and over locked CPUs, more thought 

needs to be put into how air travels through an enclosure. 

Page | 25 



Fig 3.9 Typical airflow through a desktop ATX case 

i). In High Density Computing 

Data centres typically contain many racks of flat IU servers. Air is drawn in at 

the front of the rack and exhausted at the rear. Because data centres typically contain 

such large numbers of computers and other power consuming devices, they risk 

overheating of various components if no additional measures are taken. Thus, extensive 

HVAC systems are used. Often a raised floor is used so the area under the floor may be 

used as a large plenum for cooled air and power cabling. 

Another way of accommodating large numbers of systems in a small place is 

blade chassis. In contrast to the horizontal orientation of flat servers, blade chassis is 

often oriented vertically. This vertical orientation facilitates convection. When the air is 

heated by hot components, it tends to flow to the top on its own, ereating a natural air 

flow along the boards. This stack effect can help to achieve the desired air flow and 

cooling. Some manufacturers expressively take advantage of this eflec 
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Fig 3.10 Cooling of large data severs 

(iii) In Laptop computing 

In order to keep the CPU and other components within their operating 

temperature range. most laptops show air cooling with a fan as shown in fig. Because the 
air is fan forced through a small port, it can clog the fans and heat sinks with dust or be 

obstructed the objects placed near the port. This can cause overheating. and can be a 

cause of component failure in laptops. The severity of the problem varies with the laptop 

design. its use and power dissipation. With reductions in CPU power dissipations. this 

problem can be anticipated to reduce in severity. 

H 

Fig 3.11 Laptop cooling 
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3.10.2 LIQUID COOLING 

Liquids normally have much higher thermal conductivity than gases, and thus 

much higher heat transfer co eflicient 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 is 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. 

Fig 3.12 Desktop PC liquid cooling system 

3.10.2.1 DIRECT COOLING 

Direct liquid (immersion) cooling brings the coolant in direct contact with the 

back of the chip. Historically, the coolant considered was a diclectric (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 interconnects or TSM is needed. 

For now, it is assumed that such a seal/barrier is technically feasible. 
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Fig 3.13 Direct liquid spray cooling of chips on an MCM 
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3.10.2.2 INDIRECT COOLING 

In indirect cooling systems, however, there is no direct contact with the 

components. The heat generated in this case is first transferred to a medium such as a 

cold plate before it is carried 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 fig. Since there is no contact with electronics, water can be used as the 

liquid coolant, taking advantage of its superior thermo physical properties. 

Indirect liquid cooling systems of electronic devices operate just like the cooling 

system of a car engine, where the water (actually a mixture of water and ethylene glycol) 

circulates through the passages around 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 is cooled by the air blown to the radiator coils by the 

cooling fan. The cooled water is then rerouted to the engine to transfer more heat. To 

appreciate the effectiveness of cooling system of a car engine, it will suffice to say that 

the temperatures encountered in the engine cylinders are typically much higher than the 

melting points of the engine blocks. In an electronic system the heat is generated in the 

components instead of combustion chambers. The components in this case are mounted 

on a metal plate made of highly conducting material like copper or aluminium. The 

metal plate is cooled by circulating a cooling fluid through tubes attached to it, as shown 

in fig 3.14 The heated liquid is then cooled in a heat exchanger, usually by air (or sea 

water in marine applications), and is recirculated by a pump through the tubes. The 

expansion and storage tank accommodates any expansions and contractions of the 

cooling liquid due to temperature variations while acting as a liquid reservoir. The heat 

sinks or cold plates of an electronic enclosure are usually cooled by water by passing it 

through channels made for this purpose or through tubes attached to the cold plate. High 

heat removal rates can be achieved by circulating water through these channels or tubes. 

In high performance systems, a refrigerant can be used in place of water to keep the 

temperature of the heat sink at sub-zero temperatures and thus reduce the junction 

temperatures of the electronic components proportionately. 
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Fig 3.14 Schematic of an indirect liquid cooling system 

3.10.3 IMMERSION COOLING 

Immersion cooling has been used since the 1940s in the cooling of electronic 

equipment, but for many years its use was largely limited to the electronics of high 

powered radar systems. The miniaturization of electronic equipment and the resulting 

high heat fluxes brought about renewed interest in immersion cooling, which has been 

largely viewed as an exotic cooling technique. 

From thermodynamics, at a specified pressure, the fluid boils isothermally at the 

corresponding saturation temperature. A large amount of heat is absorbed during the 

boiling process, essentially in an isothermal manner. Therefore, immersion cooling also 

provides a constant temperature bath for the electronic components and eliminates hot 

spots effectively. 

The simplest type of immersion cooling system involves an external cooling 

reservoir that supplies liquid continually to the electronie enclosure. The vapour 

generated inside is simply allowed to escape to the atmosphere, as shown in fig. A 

pressure relief valve on the vapour vent line keeps the pressure and the temperature 

inside at the preset value, just like the petcock of the pressure cooker. Note that without 

a pressure relief valve, the pressure inside the enclosure would be atmospherie pressure 
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and the temperature would have to be the boiling temperature of the fluid at the 

atmospheric pressure. 
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Fig 3.15 A simple open-loop immersion cooling system 

3.10.4 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 a thermal grease or thermal pad spread in between. This block usually has 

fins or ridges to increase its surface area. The heat conductivity of metal is much better 

that 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 the CPU). Until recently fan cooled 

aluminium heat sinks were the norm for desktop computers. Passive heat sinks are 

commonly found as shown in fig. 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 integrated heat spreader (IHS). It essentially is 

a large flat plate attached to the CPU (with conduction paste layered between). The plate 
IS 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. 
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Fig 3.16 Passive heat sink fitted on an Intel GMA graphics chip 

3.10.5 ACTIVE HEAT SINK COOLING 

Active heat sink cooling uses the same principle as that of a fan that is directed to 

blow over or through the heat sink. The more the surface the higher the rate at which 

heat sink can exchange heat with ambient air. Active Heat sink is a method of cooling a 

modern processor or graphics card. 

The build-up of dust is greatly increased with active heat sink continually taking 
in 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. 

Fig 3.17 Active heat sink with a 120mm fan located inside the unit and attached fan 

controller in background 
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