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ABSTRACT 
Many researchers reported that the failure rate of electronic equipment’s and Integrated circuit chip increase exponentially and 
the failure rate is directly linked to their temperature variations. The reliability of the electronics in a system is a major factor in 
the overall reliability of the system. In this paper, a comprehensive literature review on the, types of electronic cooling systems, 
mechanisms, applications of various cooling methods, techniques and limitations are reviewed with the latest published papers in 
this area. Moreover, variations of the temperature have been critically analyzed. It is studied that the current cooling techniques 
face limitations to meet out the cooling demand of electronics compounds. Found that the cooling of electronics compounds is 
picking up momentum with the help of Nano fluids such as CNT (Carbon nanotube), Al2O3, TiO2, CuO Nano fluids.  Also studied 
that there is scope for the miniaturization of electronic compounds, lowering weight, lowering power consumption, and enhancing 
their reliability. 
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INTRODUCTION 

 

The constant growth in the Integrated Circuits (IC) leads to an increase in the amount of heat generated per 

unit of volume in the electronic compounds. The working temperature of the electronic components face critical 

value of the temperature compared to the ambient temperature. This is due to the multifunction, overload, 

compressed package size, and high speed. Recently, heat dissipation and the power consumption are the most 

serious limitations in high -performance VLSI circuits. It is reported that the heat flux in integrated circuits 

enhanced from 330 W/cm2 to 520 W/cm 2 by the international technology road map for semiconductors [1]. 

Suggested that the lowering the temperature in silicon semiconductor devices, gives in an exponential increase 

in performance, lower power consumption, reliability and lifetime. Gochman et al. [2] revealed that the heat 

dissipation of desktop and mobile processors is 100 Wand 30 W, respectively. They concluded that the thermal 

management in the integrated circuit is challenging one and there is a continuous need for developing cooling 

methods to dissipate a heat. Several researchers have investigated the different possibility of cooling methods 

and their applications related to heat dissipation from the electronic components to improve their performance. 

Many types of heat removal and cooling systems such as conduction cooling, heat sinks, natural convection, 

radiation cooling, heat pipes, forced-air cooling, thermo-electric cooling, liquid cooling, immersion cooling, 

droplet based micro fluidics, hot spot cooling, magnetic cooling, etc have been discussed by different research 

groups.  

 

II .Cooling techniques: 

Natural Methods: 
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Fig. 1: Types of cooling systems based on Natural. 

 

A).Water cooling: 

The Simple outline ought to keep the temperature to a base while taking a shot at characteristic cooling 

systems. Water is likewise extremely alluring for electronic cooling. Be that as it may, its poor dielectric 

properties constrain its application to backhanded cooling over an electrically separating, low warm resistance 

connect. Andrew Miner et al. [54] watched that the restrictions on warmth expulsion are a noteworthy issue that 

requirement the execution of a microelectronic framework. Amir Sajjad Bahman [55] recommended an easy to 

use enhancement instrument for direct water cooling arrangement of a powerful module which is to bean 

identified optimizesolution for the creator. Water cooling framework normally used to cool the PC segments, 

particularly the CPU, a water pump, and a water-to-air warm exchanger. 

 

b) Micro channels: 

Microchannel were little (d<1mm), light and minimal [4].The high warmth exchange coefficients are 

achievable by micro channel was the unique component for direct cooling of electronic frameworks. It has an 

exceptional element, for example, minimal effort and high warmth exchange coefficients than extensive warmth 

trade range per unit volume [4, 5].Tuckerman and Pease [3] proposed the cooling arrangement by utilizing of 

the micro channel. They demonstrated that a solitary layer micro channel scratched specifically on a silicon 

wafer is exceptionally viable for dispersing heat. Utilizing water as a working fluid they showed that this micro 

channel can evacuate up to 790 W/cm2. 

Garimella and Siobhan [6] has audited that the micro channel and discover that micro channel was 

appropriate for the electronic cooling. Phillips et al [7] tentatively demonstrated that warmth stack as high as 

1000 W/cm2 can be dispersed by the utilization of micro channel cooling framework. Wang and Ding [8] 

analyze result demonstrates a uniform temperature conveyance over the warming territory by utilizing micro 

channel cooling and utilized a parallel and longitudinal micro channel with silicon substrate and transverse 

micro channels. The de-ionized water was utilized as the working liquid in the micro channel. Kandlikar [9] 

revealed that the utilization of upgraded micro channel geometry may give a warmth dissemination rate up to 

103W/cm2. 

 

c) Air Cooling: 

Air cooling was still widely used and will always be favored, wherever possible, over all other electronic 

cooling techniques. But the poor thermal transport properties of air require forced circulation at speeds which 

often approach the upper accepted limits for noise and vibration. In general, 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/m2K can be reached with acceptable noise levels, which is about 1 W/cm2 for a 60°C 

temperature difference. Most data centers use air-cooled systems for the heat removal process. 

Two major air distribution problem have been identified in the data center, by-pass air and recirculation air 

[11]. Recirculation air occurs when a flow of air to the equipment is not sufficient and part of the hot air is re-

circulated, which results in a considerable difference between inlet temperature at the bottom and the top of the 

rack can occur [10]. By-pass of the cold air occurs due to a high flow rate or leaks through the cold air path. In 

this case, part of the cold air stream skips directly from the source to the exhaust air without contributing to the 

cooling process [12]. This poor air management results in a low cooling efficiency and generates a vicious cycle 

of rising local temperature [13]. 

For a better cooling system, the air-cooled system was categorized as Room-based cooling, In-row cooling, 

Rack -based cooling. The room, row or rack cooling solutions provide the identical cooling capacity, and it was 

distinguished by different methods of distributing the air. As a consequence, they are characterized by different 

cooling efficiency and capital cost. In-row and rack-based cooling systems have an advantage of a shorter 

airflow path allowing a reduction of the fan power requirement and thus an increased efficiency. Rack-based 

cooling systems support power density up to 50 kW per rack [14]. On the other hand, rack-based and in-row 

cooling present higher capital costs than room option due to a higher number of cooling unit and piping.  The in-
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row cooling solution can be attained by placing the terminal cooling equipment between the racks or overhead. 

The rack-based cooling solution can have a closed or open design. 

 

d)Liquid Cooling: 

Liquids normally have much higher thermal conductivities than gasses.Therefore, liquid cooling is more 

effective than gas cooling.But it had some drawback such as leakage, extra weight ,corrosion and 

condensation.This can be classified as direct cooling and indirect cooling.John Lienh [15] ,reported that by 

boiling, heat can carried away over 200kW/cm2,using high velocities and high pressure.Liquid-cooled systems 

can be constructed using micro-channels flow and cold-plate heat exchangers in direct contact with some 

components, such CPUs and DIMMs, as studied by Zimmermann et al. [16] or by Asetek [17,18].Another 

emergent liquid cooling technology is the fully immersed direct liquid-cooled system, as proposed in [19, 20]. 

The server enclosure is fully sealed and contains a fluoro-organic dielectric coolant in direct contact with 

electronics, which is used to transfer heat to a water jacket by natural convection. Alfonso Capozzoli et al. [56] 

explained thatthe main demerit of liquid-cooled systems is the introduction of liquid within the data center and 

the potential damage that a failure can cause. 

 

(e)Other Different Techniques: 

a) Heat Sink: 

Heat sinks furnish a low cost and reliable means of achieving a large amount of heat exchanger that 

transfers the heat generated by a electronics component. It is high thermal conductivity materials that makes low 

impedance, are often used on electronic circuit boards to reduce component operating temperatures by 

minimizing the component-to-sink temperature difference. The main goals of heat sink design are to provide 

sufficient heat transfer rates, to ensure that processor temperatures remain below critical values, for minimal 

pressure loss and heat sink mass [22].It has recently calculated that heat sinks account for more than 80% of the 

thermal management solutions for electronics, which will be worth over $10 billion in 2016 [21].  

There are different types of heat sinks. They are Heat Sinks (Without using Fins), Heat Sinks (With 

Extended Surfaces "Fins").Its need space and not suitable for complex Integrated circuits. Here heat must be 

conducted from the chip to the lid to the heat sink before it can be rejected to the flowing air. The Thermal 

Interface Materials (TIMs) used to ease thermal conduction from the chip to the id and from the lid to the heat 

sink [23]. 

The cooling methods used are broadly classier into two categories namely active cooling and passive 

cooling. In active cooling, heat sinks are generally used to extract heat from the chip by direct contact. The most 

common design of heat sink is a metal device with many fins. The fins result in effective heat transfer of thermal 

energy to the surrounding. To improve the thermal performance by adding a fan to the system. Fan improve the 

transfer of thermal energy from the heat sink to the air by moving cooler air between the fins. But the major 

disadvantage of the fan system is noise, life and vibration. Therefore, use of active cooling technique is limited. 

This calls for effective use of passive technique in electronics cooling leading to reliable performance and long 

life of the electronic equipment. Santosh Kumar Sahoon et al [24] reviewed about a passive cooling, use of 

(Phase change material) PCM is gaining popularity and concise about the (Thermal conductivity enhancer)TCE-

PCM based heat sinks i.e. heat sinks using; PCM filled with thin fins, PCM mixed with nano particles and PCM 

filled in metallic foams. 

 

b) Phase Change Material (PCM): 

The Phase change materials (PCMs) has the unique ability to absorb excess heat during melting change in 

phase from solid to liquid at a stable transition temperature and thus can be used for temperature regulation. 

PCMs also called quiescent heat storage devices remains at a constant temperature during the phase change 

process which can result in the PV surface to be remain at the uniform temperature.Use of phase change 

materials (PCM) based heat sinks are prevalent in the recent decade [25–29] in cooling portable devices such as 

palm pilots, cellular phones and personal digital assistants, as these devices are used for more than a few hours 

continuously at peak load and their ‘idle’ time is typically long enough to solidify the molten PCM for reuse. 

PCMs, where used in heat sinks cooling devices as a heat dissipation is expected to vary with time [27]. The 

objective of PCM usage in such instances is to keep the temperature of the electronic device below a critical 

temperature and normally the junction temperature of silicon, which is 90 °C [28, 29].Huang et al. [30] found 

that at a solar intensity of 1000 W/m isolation and ambient temperature of 20 °C, the front surface of PV panel 

was maintained at constant temperature of 36.4 °C using PCM. It absorbs or rejectsheet as per the condition 

required. Table 1summarizes the few PCM based heat sinks which was used for electronics cooling [24]. 
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Table 1: Studies on heat sinks used for electronics cooling using only PCM (without enhancement) [24]. 

Researcher Type of 

Cooling 

System 

Coolant 

type 

Temperature Characteristics Key result 

Tarabsheh et al. 

[69] 

Cooling pipe 

(Heat 
exchanger) 

Water Uniform Cooling using 

optimized design. 

The cooling pipe with lowest length 

achieved lowest average cell temperature 
with highest efficiency. 

Baek et al[71] Improved Heat 

Exchanger for 
fuel cell 

Water Uniform Surface temperature 

cooling. Temperature gradient 
around 13 °C using best 

configuration and variable flow 

rate. 

Non-uniform flow rate distribution can 

increase the surface temperature uniformity. 

Baloch et al.[70] Improved heat 
exchanger as 

converging 

channel 

Water Uniform cooling achieved with 
0.91 °C standard deviation on 

the 

Maximum cell temperature 
surface of PV reduced by 57.8% 

Converging cooling heat exchanger 
for 

PV systems showed significant 

improvement for cell temperature and 
electrical parameters. Uniform cooling was 

achieved by CFD design and experiments. 

Russell [72] Heat pipe 
cooling 

Water Uniform temperature Uniform temperature across cells were 
achieved. 

Akbarzadeh and 

Wadowski [73] 

Heat pipe 

cooling 

- 46 °C temperature after cooling Increase in power output. Drop in 

temperature from 84 °Cto46°C. 

Anderson et al. 
[74] 

Heat pipe 
cooling with 

fins 

- 40 °C temperature higher than 
Ambientemperature.Temperatur

eprofile uniform. 

Heat flux of 40 W/ cm2was dissipated. 
Temperature change of 40 °C with 

heat pipe. 

Huang et al.[75] Hybrid 
structure heat 

pipe 

- 72% reduction in thermal 
resistance 

Comparison between aluminum, 
copper 

and hybrid design HCPV system 

efficiency increase by 3.1% 

Qifen et al.[76] Heat pipe 
cooling with 

fins 

- Temperature reduced to 32 °C. 
Maximum temperature non-

uniformity across cell was 3 °C. 

Comparison between fins and heat 
pipe Fins with heat pipe resulted in uniform 

cooling 

Liu et al.[77] Immersion 
cooling 

Dielectric 
Liquid 

Cell temperature 30 °C. 
Uniform 

Temperature variation of 3 °C. 

With heat transfer coefficient of 1000 
W/ m2K, 30 °C cell temperature achieved. 

Zhu et al. [78] Immersion 

cooling 

Dielectric 

Liquid 

Temperature reduced to 45 °C. 

Maximum temperature non-
uniformity across cell was about 

5 °C. 

Conversion efficiency depends on 

temperature and velocity of medium ,6000 
W/m2K of average heat transfer coefficient 

was achieved. 

Han et al.[79] Immersion 

cooling 

Dielectric 

Liquid 

Solar cell temperature reduced 

to 

29 °C using DI liquid Maximum 

temperature variation for 
Deionized water was 4 °C. 

Comparison between four different 

liquids showed DI water under applied 

conditions performs best. 

Xiang et al [80] Immersion 

cooling 

Dielectric 

Liquid 

For optimum design, maximum 

cell temperature was 40 °C. 

Temperature non-uniformity 
reduced from 15 °C to 10°C. 

Addition of fins reduced average cell 

temperature and non-uniformity. 

Sun et al. [81] Immersion 

cooling 

Dielectric 

Liquid 

Cell temperature controllable 

from 20 °Cto31°C.Variation in 
temperature was less than 3 °C. 

Uniform temperature distribution and 

Stable performance after 270 days of 
exposure. 

Abrahamyan et 

al.[82] 

Immersion 

cooling 

Dielectric 

Liquid 

- Increase in IocandVscefficiency was 

observed. 

Han et al.[83] Immersion 
cooling 

Dielectric 
Liquid 

Temperature controlled to 25 
°C. 

At 10 x,20x, and 30 x electrical 
performances 

of solar cell was improved by shallow 

liquid immersion. 

Hetsroni et al 

[84] 

Heat sink Dielectric 

Liquid Two 

phase 
cooling 

Temperature maintained in the 

range of 50–60 °C. Maximum 

sur- 
face temperature difference of 

4– 

5 °C for dielectric and 20 °C for 
water. 

Uniform temperature heat sink was 

achieved for electronic cooling. 

Araki et al.[85] Heat sreader - Temperature rise from ambient 

was less than 20 °C. 

Only 2% overall loss by temperature. 

Min et al.[86] Heat sink  Average cell temperature of 37 
°C measured. Almost uniform 

tem -perature profile. 

Heat sink area directly proportional to 
concentration ratio for constant cell 

temperature. Large heat sink of 700 times 

the area of cell needed. 

Huang et al.[87] Phase change 
material 

cooling 

 Temperature maintained in the 
range of 33–36.4 °C Uniform 

tem- 

perature distribution. 

Addition of fins reduced average cell 
temperature and non-uniformity. 
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Hasan et al.[88] Phase change 

material 

cooling 

 18 °C temperature reduction on 

front surface. 

Comparison between five different 

PCM. At most insolation levels, salt hydrate 

achieved maximum reduction in 

temperature. 

Maiti et al.[89] Phase change 

material 
cooling 

 Panels temperature reduced by 

20% For outdoor condition,62 
°C 

whereas 65 °C for indoor was 

achieved 

V-trough Paraffin melta-wax matrix 

resulted in increase in output power. 

Huang et al.[90]   Temperature controlled to 28 

°C. 

More than 30 °C temperature 
reduction. 

Best temperature control and 

temperature 

uniformity achieved when spacing 
between matrix becomes less 

Xu et al.[91] Microchannes 

heat sink 

- - When compared with conventional 

microchannels. Increase in 

Nusseltnumber by 26.4% and decrease in 
pressure drop by 27%. 

Wang et al.[92] Microchannelc

ooling 

Deionized 

water 

Uniform temperature 

distribution. 

Addition of transverse channels 

enhances cooling capability. 

Wang et al.[93] Microchannelc
ooling 

- Maintained at working 
temperature of 80 °C. 

Highest heat flux input was 75% 
higher than conventional channels. Average 

heat transfer coefficient 3186.8 W/ m2K was 

found. 

Ryu et al.[94] Microchannels 

cooling Water 

 Temperature uniformity on the 

heated wall increased 10 times 

Thermal resistance decreased by more 

than 50%. Temperature uniformity on the 

heated wall increased 10 times. 

Royneet.al [95] 

 

Hydraulic 

impingement 

cooling 

Water For 200 x, cell temperature 

decreased from 60 to 30 °C. For 

500 x, cell temperature 
decreased 

from 110 to 40 °C. 

Increase in power output along with 

reduction in temperature. Average heat 

transfer coefficient of 10^5 was achieved. 

YuSpet al.[96] Hydraulic 

impingement 
cooling 

Water Maintained at working 

temperature of 25 °C. 

Combined cooling and cleaning 

resulted in 19% conversion efficiency. 

Barrau et al.[97] Hybrid micro- 

Channelsimpin
gement 

Water Approximate uniform 

distribution 
with hybrid cooling. 

Microchannel with jet impingement 

region enhances the temperature uniformity. 
Also temperature distribution can be varied 

depending upon cooling requirements. 

Barrau et al.[98] Hybrid micro- 

Channelsimpin

gement 

- Temperature variation of 2.01 

°C 

was obtained for micro-channel 

heat sink For hybrid cooling 

stan- 
dard deviation of 0.46 °Cwas 

obtained. 

Thermal resistance of 10-5m2K/W was 

achieved -Uniform surface temperature 

distribution with LD3 design 

Bahaidarah[99] Impingement 
jet and heat 

exchanger 

Water Temperature non-uniformity 
reduced from 3.55 °C for heat 

exchanger to 1.81 °C for jet. 

Maximum percentage reduction 
in temperature was 55.4% 

and43.1% for jet and heat 

exchanger 
cooling, respectively. 

Comparison between uniform and 
non-uniform cooling techniques conducted. 

Uniform cooling by jet showed better 

thermal profile with 1.81 °C variation and 
98.4% increase in cell efficiency. 

 

n) Nano fluids: 

Nano fluids are extremely have a high heat transfer with enhanced thermo physical properties and the heat 

transfer performance can be applied in many devices for better performances. Nanofluids are defined as 

suspension of nanoparticles in a basefluid. Some typical nanofluids are ethylene glycol based copper nanofluids 

and water based copper oxide nanofluids. Because of the thermal conductivity properties of nanofluids, it is 

suitable for many applications. It represents the ability of material to conduct or transmit heat.  

 

o) Applications of Nano fluids: 

Eastman et al. [64] observed that the thermal conductivity of 0.3% copper nanoparticles of ethylene glycol 

Nano fluids is increased up to 40% compared to base fluid. Liu et al. [65], observed the thermal conductivity of 

copper–water nanofluids produced by chemical reduction method and there is 23.8% improvement at 0.1% 

volume fraction of copper particles. Vasu et al. [66] reviewed nanofluids thermal performance for cooling of 

electronics. Nguyen et al. [67] investigated experimentally the behavior heat transfer enhancement of an 

Al2O/water nanofluid flowing inside a closed system that is used for cooling of micro-electronic components. K. 

Kordas et al [68], suggested the Efficient cooling of silicon chips using microfin structures made of aligned 

multiwalled carbon nanotube arrays. Mukesh kumar et al. (100,101) applied Al2O3 nanofluids as coolant the 
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heat exchangers and suggested the Nano fluids exhibit nearly 22% more heat transferring capacity than the 

exciting liquid coolant.  

 

Conclusion: 

In this review paper, many latest published papers have been reviewed and complied for easy reference, 

The following are the concluding remarks  which are drawn : 1).the existing electronic systems seriously face 

the challenges to meet out the cooling demand.2) The high density ICs generate more heat and suffocate in the 

heat dissipating process even though with existing cooling techniques.3) The novel liquid system, known as 

nanofluids, is being developed and applied in the heat exchanging systems and electronic cooling as well.4) 

Many researchers suggested that the Electronics cooling with micro channel and nanofluids are  the most 

promising in the future.5) However, the application of  nanofluids as coolant come across the limitations such as 

physically not stable and expensive. Therefore, overcoming these limitations may lead to effective electronic 

cooling systems.   
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