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ABSTRACT 

 

Mini channel heat exchangers have become successful in applications such as electronics micro-

electromechanical devices and other devices where small size objects are to be cooled, reason due 

to possibilities of reducing weight, size and cost of heat exchangers as compared to the 

conventional methods. Due to high volume to surface ratio, mini channel heat exchangers are 

thermally efficient devices and can transfer more heat. Accurate design for pressure drop and heat 

transfer is necessary for the application of mini-channel heat exchanger. This dissertation aims to 

study the fundamentals of single phase and double phase heat transfer and pressure drop in mini 

channels using water and Al2O3-Water nanofluids at different flow rates and different 

concentrations of nano particles. Results of heat sink will also be validated with the use of 

Computational Fluid Dynamics. To increase thermal efficiency for better cooling and also for 

reducing the size of electronics.  

Experiments were done on the mini channel with dimensions 2.7 mm depth and 2.95 mm width 

which was made on the aluminum heat sink. A flat plate heater was used as a heat source and was 

attached to the bottom of the aluminium heat sink. Temperature at the inlet and outlet of the sink 

was measured and analyzed at different flow rates for a two phase flow using water and nano fluids 

containing aluminium oxide (Al2O3) at different concentrations. pressure drop was also measured 

simultaneously. effect of reynolds number on pressure drop, friction factor, fanning friction factor 

and temperature change was studied. due to effective heat transfer, mini channel heat exchanger 

can be used for cooling purpose in electronics. 
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CHAPTER 1          INTRODUCTION AND OBJECTIVES 

 

1.1 Introduction 

In recent years, need of electronic cooling in various electrical devices has been a major 

concern area. There is requirement of different cooling systems for these devices to make 

them more efficient and life longing. So a system is needed that is effective, compact as 

well as capable enough in maintaining the electronic equipment’s, telecommunications and 

computers etc. that involves high heat flux and operating temperature. 

In electric components, method commonly used is air cooling. It is easily available, 

assessable, and economically suitable and can be easily used in small components. Only 

drawback of air cooling is its effectiveness as compared to liquid cooling due to property 

of more heat carrying capacity of liquid. 

Mini channels are channels of fluid flow with hydraulic diameters between 200 µm to 3 

mm and microchannels 10 µm-200 µm as classified by Kandlikar and Grande(2003)  by 

air or liquid coolants are some of those cooling systems which are considered to be suitable 

and economic. These systems are easy to install, effective, easy to handle, small and easily 

assessable when we compare them with their respective operating costs.  

The single phase heat transfer becomes extremely efficient in mini/micro channels when 

combination of the above said features comes into existence. The applications of micro-

channels are widely used in closed system where the clean fluids are mostly preferred as 

working fluids such as non-reacting gases, liquid and refrigerants. An increment in the 

thermal duty and energy efficiency has been analyzed while more restrictions have been 

analyzed due to the space constraints. Greater heat transfer rate per unit volume are the 
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major area of concern in the micro-channels operated cooling system. In these applications, 

the hot side of the evaporator are generally air, gas or condensing vapor. Due to surface 

area densities, heat transfer coefficients have been increased with advancement in the air 

side fin geometry. More complex heat transfer designs are implemented on the evaporating 

side as the air side heat transfer goes on decreasing that result in the use of micro-channels 

on the liquid side as flow passage. In recent evaporator and condensers the major changes 

in the design for compact heat exchanger and automotive applications involve the small 

hydraulic diameters as flow passages which are arranged in a multichannel configuration 

on the liquid side. 

Micro/mini-channels have various applications including:- 

1. Bioengineering 

2. Cooling of gas turbine blades 

3. Automotive  

4. Power and process industries 

5. Superconductors 

6. Refrigeration and air conditioning 

7. Microelectronics 

Advantages of micro/mini-channels include:- 

1. Compactness for space critical applications 

2. High volumetric heat flux 

3. Robust design 

 



 3  
 

1.2 History 

Since the development ofzthe first electroniczcomputers in 1940s, the development 

ofzfaster and denserzcircuit technologies andzpackages has beenzaccompanied by 

increasingzheat flux atzthe chipzand package levels. Over the years, significantzadvances 

have been madezin the applicationzof air coolingztechniques tozmanage increasedzheat 

flux. Althoughzair cooling continueszto be the mostzwidely used method forzcooling 

electronic packages,zit has long been recogizedzthat significantly higherzheat flux can 

bezaccommodated throughzthe use of liquidzcooling. Application of liquidzcooling for 

microelectronics mayzbe categorized as eitherzindirect or direct. 

In an investigationzon the application ofzconventional refrigeration systemzto cool IBM’s 

S/390 mainframe, Schimdt (2003) showed that the chip temperatureszcan be 

maintainedzbelow that of comparablezair-cooled systems, butzwell above 

cryogenicztemperatures. The developmentzof a Kleemenko cooler,zwhich provides 80 

wattszof refrigeration forzthe CPU at 960C,zis perhaps one of the significant advanceszin 

cooling ofzcomputers. 

Minichannels are foundzin many biological systemszproviding very highzheat and 

massztransfer rates in organszsuch as the brain,zlung, liver andzkidney. Many high 

fluxzcolling applications are effectivelyzutilizing theirzhigh heat  transferzcapabilities 

forzthese channels. Smallzchannel diameters are atzthe heart of allzbiological systems. 

Fluidzflow and massztransfer in the human body, for example, utilizezthe high heat and 

mass transfer coefficients associated with minichannels. Following nature’szlead, many 

heatztransfer devices arezutilizing minichannels in emergingznovel applications, suchzas 

heat flux coolingzof lasers and digitalzmicroprocessors. 
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The potentialzof Minichannels inzhigh heat fluxzremoval application waszfirst brought to 

our attention byzthe pioneering work of Tuckerman andzPease (1981). The experimental 

investigation thatzfollowed in the nextzten year’s focusedzon obtaining thezsingle-phase 

heat transferzand pressure drop characteristicszin these channels. Azwide array of 

disparagingzresults were reported,zwith frictional pressure dropzbeing very differenet 

(higherzas well as lowerzcompared to conventionalzchannels), and earlyztransition to 

turbulence, inzsome cases aszearly as Reynolds number of 300-400. The needzfor smaller, 

faster andzlighter products haszput considerable demandszon the thermal managementzof 

microelectronics. 

1.3 Objectives of Two-Phase Tests 

The objective ofzthe dissertation is to gain azfundamental understandingzof two-phase 

flow heat transferzand pressure dropzin micro/mini channels with waterzand other coolants 

aszthe test fluid. Electronic equipmentszhave made its wayzinto practically everyzaspect 

of modernzlife, fromztoys and appliances, tozhigh power computers. Thezreliability of the 

electronics dependzon the passage ofzelectric current to perform theirzduties, and they 

become potentialzsites for excessivezheating, sincezthe current flow throughza resistance 

is accompaniedzby heat generation. Continued miniaturizationzof electronic system has 

resultedzin dramatic increase inzamount of heat generatedzresult in high 

operatingztemperatures for electronic equipment,zwhich jeopardizes its safety 

andzreliability. 

The inventionzof the bipolar transistorzin 1948 marked thezbeginning of a new erazin the 

electronic industry, andzthe next turning pointzin electronics occurred inz1959 with the 

introductionzof the integratedzcircuits where several componentszsuch as diodes, 
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transistorszand capacitors are placedzin a single chip. Theznumber of components 

packedzin a single chipzhas been steadily increasinglyzsince then at anzamazing rate. The 

developments of thezmicroprocessor in early 1970s makezanother beginning in 

thezelectronic industry. The current flowzthrough a resistance is alwayszaccompanied by 

heatzgeneration in the amountzof I2R, thezheat flux encounteredzin electronic devices 

rangeszfrom less than 1W/cm2 to morezthan 100 W/cm2. 

Heat is generatedzin a resistive element forzas long as currentzcontinues to flow throughzit. 

This creates a heatzbuild up and a subsequentztemperature rise at and aroundzthe 

components. The temperaturezof the component willzcontinue to rise untilzthe component 

is destroyedzunless heat is transferredzaway from it. Theztemperature of the component 

willzremain costant when thezrate of heat removalzfrom it equalszthe rate of 

heatzgeneration. 

1.4 Nanofluids 

Thermal properties of the liquid have a very important role to play in the cooling and 

heating applications in the industries. To decide the thermal efficiency of any system, 

thermal conductivity is considered as very important physical property. For the ultra-high 

cooling applications, conventional cooling liquids are not much effective due to their 

inherently poor thermal conductivity. By adding some solid additives to the base liquid, 

scientists have tried to enhance the heat carrying capacity of these inherently poor thermal 

conductive fluids. 

Thermal conductivity in the liquid as compare to the gases is more and hence much higher 

heat transfer coefficient is associated with them. Therefore we prefer liquid cooling over 
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gas cooling. But liquid cooling has its own disadvantages or risks such as corrosion, 

leakage, condensation and extra weight. Therefore liquid cooling is limited to fir those 

applications which involves too high power densities for safe dissipation by air cooling. 

The classification of liquid cooling can be done as direct cooling and indirect cooling. In 

direct cooling system, heat generated in the specimen can be directly transferred to the 

liquid as there is direct contact with the liquid. In the indirect cooling system heat generated 

is not carried away by the liquid directly. In the system heat is firstly transferred to the 

medium that can be a cold plate and then further it is carried away by the liquid. Also 

classification of liquid cooling system can be done as open loop & closed loop system. It 

depends upon whether the liquid is re-circulated after it is heated or discarded. Generally 

in the open loop system, heat is carried away by the tap water and after heating up the liquid 

is discarded into the drains. 

Along with the various shapes of the cross-sections, the study has been done on the various 

fluids which are used to carry away the heat from the heat sink through the micro-channels. 

The fluids which are taken for the study considerations are silicon oxide (SiO2), alumina 

(Al2O3), copper oxide (CuO). Further, out of the two fluids, solution of Al2O3-H2O is used 

at two different concentrations. In the solution of nanofluids, various concentrations of 

nano-particles in the water is taken as per requirements or required cooling performance. 

Concentration of the nano-particles in the water plays a vital role in the heat carrying 

capacity of the nano fluid. As the quantity of nano particles in the water increases it leads 

to the more heat carrying capacity of the fluid. Also, distilled water also have been used as 

heat carrying medium in the process to have variety of results which help us to analyze the 

problem more accurately. 
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Making of the solution of nano particles with base fluids or distilled water is generally done 

at the chemistry laboratory. Nano sized particles of nano-particles has been used in the 

powder form to get the required solution. Prescribed amount of quantity of the powder is 

been used to get the solution of relative concentration. Certain procedures are also followed 

to get the distilled water in the laboratory as a base fluid. 

1.5 CFD (Computational Fluid Dynamics) 

Computational fluid dynamics is a branch of fluid mechanics which analyze and solve the 

problems which involve fluid flows. The techniques that are used in CFD are numerical 

methods and algorithms. To simulate interactions of the liquids & gases with the surfaces, 

computers are required which are used to perform the calculations with the help of 

boundary conditions. Computational fluid dynamics gives the approximate results yet they 

may be very close to the real behavior. Even super-computers may be able to give the 

approximate result of the fluid flow behavior. 

In CFD codes, FVM (Finite Volume Method) is adopted as a common approach. Mainly, 

this approach has advantages in high Reynolds numbers turbulent flow, memory usage, 

solution speed, source term dominated flows and especially for the large problems. The 

finite volume equation yields governing equations. 

In the finite volumezmethod, the governing partialzdifferential equations (typicallyzthe 

Navier-Stokes equations,zthe mass and energyzconservation equations, andzthe turbulence 

equations) are recastzin a conservative form, andzthen solved over discretezcontrol 

volumes. This discretization guaranteeszthe conservation of fluxszthrough a particular 

control volume. Thezfinite volume equation yieldszgoverning equations in the form: 

http://en.wikipedia.org/w/index.php?title=Discretise&action=edit&redlink=1
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𝜕

𝜕𝑡
 ∭ 𝑄 𝑑𝑉 + ∬ 𝐹 𝑑𝐴 = 0,    

Where is the vector of conserved variables, 𝐹 is the vector of flux (see Euler equations 

or Navier–Stokes equations), is the volume of the control volume element, and is the 

surface area of the control volume element. 

1.6 Objectives 

The following specific objectives are undertaken: 

(i) To experimentally investigate the thermophysical parameters of minichannel 

cooling using water and Al2O3/water based nanofluid as cooling medium. 

(ii) To perform the CFD simulation for aluminium heat sink cooling using water and 

Al2O3/water nanofluid as cooling medium and validation of results with 

experimental results. 

 

 

 

 

http://en.wikipedia.org/wiki/Euler_equations_%28fluid_dynamics%29
http://en.wikipedia.org/wiki/Navier%E2%80%93Stokes_equations
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CHAPTER 2                          LITERATURE REVIEW 

2.1 Liquid Cooling 

Liquids normally havezmuch higher thermal conductivities thanzgases, and thus much 

higherzheat transfer coefficients associated with them. Therefore,zliquid cooling is more 

effectivezthan gas cooling. However liquidzcooling has its own risks suchzas leakage, 

corrosion, extrazweight and condensation. Therefore, liquidzcooling is reserved for 

applicationszinvolving proper densities thatzare too high forzsafe dissipation by 

airzcooling. 

Liquid coolingzsystems can be classified aszdirect cooling and indirectzcooling systems. 

In direct coolingzsystems, there is direct contactzwith the liquid, and thus the heat 

generatedzin the components is transferred directlyzto the liquid. In indirect 

coolingzsystems, however there is no directzcontact with the components. Thezheat 

generated in this case iszfirst transferred to medium suchzas cold platezbefore carried away 

by thezliquid. Those coolingzsystems are also classified aszclosed loop and open 

loopzsystems depending on whether thezliquid is discarded or recirculatedzafter it is 

heated. In openzloop systems, tap water flowszthrough the cooling system and 

discardedzinto drain after it iszheated. 

2.2 LIQUID COOLANTS FOR ELECTRONIC COOLING 

Coolantszare used in both single phase andztwo-phase applications. A single phase 

coolingzloop consists of a pump, a heatzexchanger (cold plate, minizor micro channels), 

and a heatzsink (radiator with a fanzor a liquid-to-liquid heatzexchanger with chilled 
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waterzcooling). The heatzsource in the electronics system is attachedzto the heat 

exchanger. Liquidzcoolants are also used in two-phasezsystems, such as heatzpipes, thermo 

siphons, sub-cooledzboiling, spray cooling and directzimmersion systems. 

2.2.1 Requirements for a Liquid Coolant for Electronics 

There arezmany requirements for a liquid coolantzfor electronics applications. 

Thezrequirements may vary depending on the typezof application. Followingzis a list of 

some generalzrequirements: 

 Good thermo-physicalzproperties (high thermalzconductivity and specificzheat; 

low viscosity; highzlatent heat ofzevaporation for two-phasezapplication). 

 Low freezingzpoint and burst point (sometimeszburst protection at -400C or 

lowerzis required for shippingzand/or storage purpose). 

 High atmospherezboiling points forzsingle phase system; aznarrow desired boiling 

point for aztwo-phase system. 

 Good chemicalzand thermal stability forzthe life ofzthe electronic system. 

 High flashzpoint and auto-ignitionztemperature (sometimes non-combustibility is 

azrequirement). 

 Non-corrosive tozmaterials of construction (metalszas well as polymerszand other 

non-metals). 

 No orzminimal regulatory constraints (environmentallyzfriendly, nontoxic 

andzpossibly biodegradable). 

 Economical 

The best electronicszcoolant is an inexpensivezand nontoxic liquid withzexcellent thermo-

physical propertieszand a long servicezlife. A high flashzpoint and auto-ignition 
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temperaturezare desired so thatzthe fluid is less susceptible tozignition. Good thermo-

physicalzproperties are required to obtainzthe high heatztransfer coefficients and 

lowzpimping power needed forzthe fluid to flow throughza tube or a channel. 

Electricalzconductivity of a coolant becomeszimportant if the fluid comeszin direct contact 

with thezelectronics (such as inzdirect immersion cooling), or ifzit leads out ofza cooling 

loop or is spilledzduring maintenance and comeszin contact with thezelectrical circuits. In 

certain applications,za dielectric coolant is azmust, whereas in many otherzapplications it 

is not a requirementzbecause of the very remotezchance of coolant leakage (or inzcase of 

a leak,zthe coolant does not come in contact withzthe electronics) 

Table 2.1 Properties of different liquid coolant at 20oC 

Coolants Viscosity 

kg.m-1s-1 

Thermal 

Conductivity W.m-

1.s-1 

Density 

kg.m-3 

Aromatic 0.001 0.14 860 

Silicate-ester 0.009 0.132 900 

Aliphatic 0.009 0.137 770 

Silicone 0.0014 0.11 850 

EG/Water 

(50:50 v/v) 

0.0038 0.37 1087 

PG/Water 

(50:50 v/v) 

0.0064 0.36 1062 
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Al2O3 nanoparticles 

0.01% vol. conc. 

0.000847 0.613 1026 

Al2O3 nanoparticles 

0.01% vol. conc. 

0.0012 0.617 1146 

 

2.3 Dielectric Liquid Coolants 

2.3.1 Aromatics 

Synthetic hydrocarbonszof aromatic chemistry (i.e., diethylzbenzene [DEB], 

dibenzylztoluene, diary alkyl, partially hydrogenatedzterphenyl) are very common 

heatingzand cooling fluids used inza variety of applications. However,zthese compounds 

cannot be classifiedzas non-toxic. Also, somezof these fluids (i.e., alkylatedzbenzene) have 

strong odours, whichzcan be irritating tozthe personnel handlingzthem. 

2.3.2 Silicate-ester 

This chemistry (i.e., Coolanol 25R) waszwidely used as a dielectriczcoolant in Navy 

airborne radar Air Force and Navy missile systems. These fluids havezcaused significant 

and sometimes catastrophiczproblems due to their hygroscopicznature and subsequent 

formationzof flammable alcoholszand silica gel. Therefore,zthese fluids have been 

replacedzby more stable and dielectric aliphaticzchemistry (polyalphaolefins or PAO). 

2.3.3 Aliphatics 

Aliphatic hydrocarbonszof paraffinic and iso-paraffinicztype (including mineral oils) are 

used inza variety of directzcooling of electronics partszas well as in coolingztransformers. 
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Many petroleum based alophaticzcompounds meet the Food and Drug Administration 

(FDA) andzUnited States Department of Agriculture (USDA) criteriazfor incidental food 

contact. Thesezpetroleum based fluids do notzform hazardous degradationzbyproducts. 

Most of thesezfluids have a non-discernible odour and areznontoxic in case of contactzwith 

skin or ingestion. As mentionedzbefore, aliphatic PAO-based fluidszhave replaced 

thezsilicate-ester fluids in a varietyzof military electronics (and avionics) 

coolingzapplications in the last decade. 

2.3.4 Silicones 

Another classzof popular coolant chemistryzis dimethyl and methylzphenyl-poly (siloxane) 

orzcommonly known as silicone oil. Sincezthis is a synthetic polymericzcompound, the 

molecular weight aszwell as the thermo-physical properties (freezingzpoint and viscosity) 

can be adjustedzby varying the chain length. Siliconezfluids are used atztemperatures as 

low as -1000C andzas high as 4000C. These fluidszhave excellent service lifezin closed 

systems inzthe absence of oxygen. Also,zwith essentially no odour, theznon-toxic silicone 

fluidszare known to be workplacezfriendly. However, lowzsurface tension gives these 

fluidszthe tendency to leak aroundzpipe-fittings, although the lowzsurface tension 

improves the wettingzproperty. Similar to the aliphatics,zhigh molecular weightzsilicone 

oils have also foundzapplicationsin cooling transformers. 

2.4 Non-Dielectric Liquid Coolants 

Non-dielectric liquidzcoolants are often used forzcooling electronics because ofztheir 

superior thermalzproperties, as compared with the dielectriczcoolants. Non-dielectric 

coolants are normally water-basedzsolutions. Therefore, they possesza very high specific 
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heatzand thermal conductivity. De-ionized waterzis a good example ofza widely used 

electronicszcoolant. Some other popular non-dielectriczcoolant chemistries are 

discussedzbelow: 

2.4.1 Ethylene Glycol (EG)  

Commonly usedzas antifreeze in automotivezengine cooling. EG also has found use 

inzmany industrial coolingzapplications. Common applications includezprocess cooling 

atzlower temperatures. Ethylene Glycol iszcolourless and practically odourlesszand is 

completely miscible withzwater. When properly inhibited,zit has a relatively 

lowzcorrosivity. However, thiszcoolant is classified as toxiczand should be handled and 

disposedzof with care. Thezquality of water used forzthe preparation of a glycolzsolution 

is very important for thezsystem. 

2.4.2 Propylene Glycol (PG) 

In its inhibitedzform, PG has thezsame advantages of lowzcorrosivity shown by ethylene 

glycol. Inzaddition, propylene glycol iszconsidered non-toxic. Other thanzlack of toxicity, 

itzhas no advantages overzethylene glycol, being higherzin cost and morezviscous. 

2.5 Other Exotic Coolant Chemistries 

The number ofzjournal publications in this fieldzhas increased exponentially inzthe recent 

years. However, therezare still a large amountzof unknown factors (i.e., long 

termzreliability, agglomeration, settling,zand blockage of micro-channels) existingzin the 

utilization of nano particles inza coolant. Phase Change Materials (PCM) inztheir micro or 
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nanozencapsulated form have beenzutilized in a coolant mediumzto increase the specific 

heatzcapacity. Again, reliability haszbeen a problem in utilizingzthem. 

Ionic liquids (roomztemperature liquid salts) have alsozshown some potential tozbecome 

next-generation coolants basedzon their thermalzstability, extremely lowzvapor pressure 

andzother properties. Currently, theirzapplication is limited tozsolvents in chemical 

reactionszand extractions. These chemisterieszwill take a number ofzyears to become 

technicallyzand economically competitive withzthe existing coolants. 

There are zseveral coolants (bothz dielectric and non-dielectric) that are commercially 

zavailable. However, selection of thezbest coolant for a particularzapplication requires a 

proper understandingzof all the characteristics andzthermo physical properties ofzthese 

fluids. Dielectric fluidszcan be used in contactzwith the electronics, whereasznon-dielectric 

coolants arezused with a coldzplate. In the future,zcoolants with better properties 

(thermalzconductivity, specificzheat, thermalzstability) may be available, butztheir 

popularity willzdepend on their reliabilityzand economics. 

2.6 NANOFLUIDS 

Fine nanomaterials havingzaverage size less than 100nm poisedzwith the conventional base 

fluid likezheat transfer oil, water,zmolten salt, ethylene glycol etc. iszknown as nanofluid. 

Firstly,zin 1995, this nanofluidzterm was invented byzChoi. He represented thezinnovative 

grade nanotechnologyzwhich is based on the workingzfluids having excellent thermos 

physical propertieszas compared to conventional basezfluids. So, the objective of 

nanotechnology iszto attain the excellent thermozphysical properties at minimum 

concentrationzby homogeneous and steadyzsuspension of nanomaterials.( Das et al. 2008). 
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The variousznanomaterials employed for nanofluids are, suchzas diamond, 

aluminum.zSilver, gold, carbon nanotubes,zcopper oxide, aluminum oxide etc. 

2.6.1 Factors on which Thermal conductivity of Nanoparticles depend: 

1) Particle material 

2) Particle volume fraction 

3) Particle Size 

4) Particle Shape 

5) Base fluid properties 

6) Temperature 

2.6.2 Challenges in the Nanofluids: 

1) There is an influence of many factors on the thermal conductivity of the nanofluid. So it 

is a challenge to keep the nanofluid mixture balanced. The influences are: 

a) Influence of nano-particles 

b) Influence of base fluid 

c) Influence of solid-liquid interface 

2) From the previous studies, specific heat of the nanofluid has found to be lower than that 

of base fluids. But for an ideal coolant, it is important to possess the higher value of specific 

heat to carry away or remove more heat when compared to the base fluid. 

3) From the previous researches, viscosity of the nanofluid has found to be higher than that 

of base fluids. It was dependent on both the concentration of the nanofluid and their type 

of particles. 
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4) Increased pressure drop is also a type of challenge during the flow of nanofluid through 

the heat exchanger or some other cooling system. 

5) Production of the nanofluid is a costly process as it require one step method & two step 

method to be produced and it may lead to hinder the application of the nanofluid in the 

industries. Both the methods require advanced and sophisticated equipment’s. 

2.6.3 Advantages of the Nanofluids 

1) They are potential heat transfer fluids with enhanced heat transfer performance and can 

be implemented in many devices. 

2) They are the fluids with improved thermo-physical properties and can be used in various 

electronic devices for the better performances. 

3) Based upon the previous studies, it is strongly observed that the nanofluids have higher 

thermal conductivity which make them a capable cooling medium in the various cooling 

systems. 

4) They possess temperature-dependent thermal conductivity at a very low particle 

concentration. 

5) Nanofluids have high absorptance capacity thus soalr collector efficiency is enhanced 

when it is used as a main working fluid. 

6) Emission issues and energy demands can be properly addressed by the spectacular 

capabilities of the nanofluids. 
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2.6.4 NANOFLUIDS APPLICATIONS 

Various applications of nanofluids are:  

 In industrialzchilling applications for savingzhuge energy and secretionzreduction 

 In nuclearzappliances to enhance variouszirrigate-chilled nuclear 

systemzperformance (Wong et al. 2009). 

 Using as zsmart fluid in laptops andzcell phones for controlling heatzflow 

 Removal ofzgeothermal power and anotherzenergy resources by chilling 

thezequipment and machinery workingzin high temperature and highzfriction 

environment 

 In automotivezapplications due to its better heatztransfer properties (Wong et al. 

2009). 

 Inzlubrication, soil remediation, oilzrecovery. 

 In biomedicalzapplications like nanodrug delivery,zcancer theraupetics, 

cryopreservation, nanozcryosurgery. 

2.7 Losses in Minichannels 

2.7.1 Friction Losses 

The fluid flow is required to overcome resistance occurred due to frictions offered by walls 

of mini channel and friction by fluid viscosity. As fluid flow through the mini channels 

fluid energy is dissipated to overcome these resistances. 
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According to Darcy-Weisbach equation: 

 ℎ𝐿 =  
𝑓𝐿𝑣2

2𝑔𝐷ℎ

 

In case of fully developed laminar flows in circular channels, product of friction factor and 

Reynolds number is 

𝑓 𝑅𝑒 = 64, for 𝑅𝑒 < 2.3 × 103 

2.7.2 Pressure losses 

Most common approach to calculate Pressure Loss due to inlet, outlet and entrance effects 

was to utilize loss coefficient, K.  

Pressure Drop was calculated according to formula: 

∆𝑃 =  1
2⁄ 𝜌𝐾𝑉2 

Value of K is based on conventional analytical and empirical data. For small scale 

applications little data is available.  

2.8 Reynolds Number 

Reynolds Number is calculated from the relation 

𝑅𝑒 =  
𝜌𝑣𝐷ℎ

𝜇
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2.9 Heat Transfer Rate 

Rate of heat transfer is calculated as: 

q = ρQCp(Tout –Tin) 

2.10 Previous research work related to minichannels, nanoparticles and 

computational fluid dynamics 

A significant number of studies has been available on minichannels, nanoparticles and 

computational fluid dynamics, which has been review in papers as follow: 

Ali Ijam et al. (2012) in this paper, thermal conductivity, pumping power and heat transfer 

of 2 nanofluids flowing through copper minichannel heat sink have been investigated 

mathematically. Flow used was laminar and steady. Maximum improvement of 11.98% 

and 9.97% was obtained in thermal conductivity by adding Al2O3 nanoparticles and TiO2 

nanoparticles at 4% Vol. Conc.  to water as compared to water. 

Ali Ijam et al. (2012) in this paper, nanofluid as a coolant for electronic devices was studied. 

SiC and TiO2 nanofluids with different volume of nanoparticles were analyzed on 

minichannel heat sink at turbulent flow. Maximum improvement in thermal conductivity 

was 14.44% and 9.99% was obtained by adding SiC and TiO2 nanoparticles to the water as 

compared to the water. Improvement in heat transfer was obtained when nanoparticles were 

added to water at different concentrations and flow rates. 

Mohamed M. Mousa et al. (2013) carried out an experiment on mini channel having 

rectangular and triangular cross sectional area. The experiment was done on a copper block 
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using air as cooling medium. It was found that mini channel of rectangular cross sectional 

area have better thermal performance than triangular. Performance of the sink also 

increases with increase in air mass flow rate. 

William Grande et al. (2002) in this paper, thermophysical performance of microchannel 

flow were studied for its applications in cooling microelectronics. Significantly higher heat 

transfer rates are obtained as by reducing dimensions of channel, larger surface area for 

heat transfer is obtained. Also surface roughness is increased when channel dimensions are 

so less. 

Moraveji Mostafa et al. (2013) CFD modelling was carried out for laminar force convection 

through a mini channel employing Al2O3-H2O nanofluid. Al2O3 nano particles of 33nm was 

used. Three different weight conc. 0.5%, 1% and 6% are used. Reynolds Number was 

varied between 130-1600. CFD modelling was carried out using different models that is 

single phase, volume of fraction and eulerian model. It was evaluated that two phase model 

were accurate as compared to single phase model. 

Javedi et al. (2013) examined analytically the consequences of Al2O3 - liquid nitrogen, 

TiO2- liquid nitrogen and siO2 liquid nitrogen based nanofluids on the plate fin heat 

exchanger. After that, its results were compared with liquid nitrogen which was used as a 

base fluid. The effect of nanofluids on the entropy generation & the pressure drop were 

also examined. And it was found that the thermal conductivity, heat transfer rate and the 

heat transfer coefficient of the base fluid were enhanced by mixing the nanomaterials in it. 
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Maddah et al (2013) experimentally examined the influence of Al2O3 and Ag nanomaterials 

on electrical conductivity, thermal conductivity and viscosity. The average diameters of 

Al2O3 and Ag nanomaterials were taken as 40 nm and 20 nm. The different volumetric 

concentrations were taken as 0.25%, 0.5%, 1%, 2%, 3%, 4%, and 5% at 15 c temperature. 

It was found out that the thermal conductivity and viscosity of nanofluids enhanced when 

the volumetric concentration of nanomaterials is also enhanced. 

Satish G. Kandilkar et al. (2003) this paper gives us the review of recent research, 

classifications, history and terminology related to micro and mini channels. Some 

biological systems consist of microchannels and minichannels which provide high heat and 

mass transfer rates in the body organs such as liver, lung, brain and kidney. High heat 

capabilities of the channels are being utilized by many high flux cooling application. In this 

paper overview of the historical perspective of some issues related to microchanels and 

minichannels is presented and analyzed through some of the techniques. 

Taylor et al. (2011) used experimental and modeling approach to determine the nanofluid’s 

optical properties. For this, they compared the experimental and modeling results to 

measure the extinction coefficient vs wavelength having range of 0.25-0.5µm. it was also 

found that graphite – water based nanofluid and aluminum – water based nanofluid showed 

good response but other metals and base fluid ie. oil showed less well response.  

Satish G. Kandilkar et al. (2004) In this paper the application of the small hydraulic 

diameters are implemented in the electronic cooling, fuel cell evaporators, compact 

evaporator passages and the other electronic devices. The characteristics of the high 

pressure drop of the passages are very important particularly because they are responsible 
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for the heat transfer and alter the flow, especially in parallel multichannel configuration. In 

some passage there is dry out due to pressure drop oscillations while single phase mode is 

applied to their neighboring passages.a comprehensive review of the literature of this paper 

on evaporation in small area/diameter passages along with some of the results that have 

been concluded by the auther fot water that is evaporating in 1mm hydraulic diameter of 

the multichannel passages. 

Azari et al. (2014) conducted CFD simulation of Al2O3 based nanofluid in laminar flow 

flow regime. They used two phase model. And concluded that the heat transfer rate is 

increased by increasing the volume concentration of nanomaterials. And also concluded 

that two phase model give more precise results as compared with single phase model. 

Laura et al. (2012) has given the information about stability, viscosity and thermal 

conductivity of water-based nanofluids containing TiO2 nanoparticles. With increase in 

mass concentration and temperature, thermal conductivity of TiO2-water nanofluids was 

increased. The performance of viscosity was calculated by means of a Rheometer in the 

temperature range between 283K and 343 K as a function of concentration and 

temperature. 

Jajja Saad Ayub et al. (2014) CFD was carried out on five different forms of heat sinks 

having fin spacing of 0.2mm, 0.5mm, 1mm and 1.5mm along flat plate heat sink. Effect of 

spacing on the performance of heat sink was evaluated. It was reported that as the fin space 

is made to decrease then corresponding decrement in the thermal resistance was witnessed. 

With 0.2mm spacing, thermal resistance was reduced to 0.03 K/W from 0.216 K/W. 
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John Bean et al. (2006) in this paper, experiment is done of 3 coil inlet header 

configurations that is in single, dual and distribution inlet header. Computational Fluid 

Dynamics models are generated to simulate refrigerant flow of these 3 configurations. 

Among these 3 configurations, distributed header performed most uniform refrigerant flow 

distribution with good flow symmetric contour. Dual inlet configuration also improves 

refrigerant flow distribution symmetry and uniformity. 

S. Murshed et al. (2008) As we know that now a day sizes of heat transfer devices 

decreases and at the same time adequate cooling must be provided. It is difficult for the 

devices to operate under high operating speed, therefore temperature of devises increases 

to very high value which makes the devices to operate at high power. 

Satish G. Kandilkar et al. (2004) in this paper for the compact heat exchangers and the 

conventional channels, techniques of the heat transfer enhancement for the single phase are 

presented.the major techniques which consisting of breakup of boundary layer, electric 

fields, secondary flow and mixtures, flow transition, entrance region, vibrations are 

discussed in the paper. For the single phase flows in the microchannels and the 

minichannels, applicability of these techniques are evaluated. For the critical applications, 

applicability of the single phase cooling is extended by heat transfer enhancement devices 

for the microchannels and minichannels. 

Das et al. (2003) investigated the thermal conductivity enhancement with temperature of 

Al2O3 and CuO water-based nanofluids. Temperature Oscillation technique was used to 

measure the thermal conductivity. Average diameter of alumina particles was 38.4 nm and 

for CuO was 28.6 nm the experimental results showed that with increased in temperature 
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thermal conductivity increased. Nanofluid containing smaller particles (CuO) showed 

greater enhancement in thermal conductivity with temperature. Enhancement in 

conductivity also depended on particle concentration, as concentration increased thermal 

conductivity increased. 

Schmidt, R.z et al. (2003) in this paper the problems regarding the heat transfer and fluid 

flow were highlighted associated with electronic cooling. In the heat transfer and fluid flow, 

classical approaches are not being followed by solution to these problems. Solution to the 

problems are generally combination of application of the technical tools and engineering 

judgments. The component junction temperature and system operating has strong function 

i.e. performance and reliability of electronic systems. Requirement of the understanding of 

governing physical laws is essential to find correct solution to the problem. Concurrently, 

it is very important to know that where this physical law should be implemented and what 

each law controls. In the cooling of electronic system, two forms of energy transport are 

presented i.e. heat transfer and fluid flow. In many cooling problems these two phenomena 

are strongly coupled. As a result, for obtaining the solution for these problems may require 

numerical simulation or experimentation as problems become complex. 

Poh-Seng Lee et al.z(2005)  Experimental investigation is presented to explore the classical 

correlation’s validity for analyzing the thermal behavior in single phase rectangular micro-

channels that is based on conventional sized channels. The range of the micro channel is 

considered from 194 µm to 534 µm in width, with the channel depth is taken as five times 

the width of the channel in each case. There were ten micro-channels in parallel and each 

piece was made of copper. The de-ionized water was used for the experiment and an 

Reynold’s no. was ranging from approximately 300 to 3500. Numerical predictions those 
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obtained were based upon the continuum and classical approach. Those predictions were 

found in a appropriate agreement with the data showing average deviation of 5%. 

R.R. Riehlz et al. (1998) In this paper heat transfer correlation is compared for the single 

and two phase micro-channel flows for the micro-electronics cooling. Four heat transfer 

correlations are compared for single phase and six heat transfer correlation are compared 

for two phase micro-channel flow had been analyzed, Reynold’s no. analyzed the same was 

ranging between 300 and 80,000. The analyzed results were very close for the single phase 

correlations and two phase flow for this range, for low mixture quality. There was a higher 

value of the nusselt no. for two phase correlation, for the higher mixture qualities. 

Correlations were compared from several investigations with the equivalent flow 

conditions and three different working fluids. A consistent correlations of boiling and 

convective no. was found while there was a need of an extensive study with other develop 

correlation for liquid flows and potential modification were also required for the micro-

channel base flow problems. 

X.N. Jiang, Z.Y.Zhou et al. (1997) In this paper It is explained that in the past decade there 

are various theoretical an experimental analysis have been reported. The experimental 

studies of the liquid having laminar flow is presented through small hydraulic diameter 

with different cross sections. The experimental results come out quite similar as the results 

which we get through the theoretical studies for the conventional ducts. Power densities 

and increase of power dissipation at the chip and module level has become the most 

important aspects of the electronic packaging in thermal management. Conventional 

cooling technology are not enough to meet the requirement of the future semiconductor 
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devices. For the more efficient heat dissipation or cooling the small scale system cooling 

technologies are to be implemented for the electronic and optical devices. 

J. Judy et al. (2002) in theirzpaper investigateszpressure drivenzliquid flowzthrough 

roundzand square microzchannels fabricatedzfrom fused silicazand stainlesszsteel. 

Pressure dropzdata are used tozcharacterize thezfriction factorzfor channel diameterszin 

the rangez15-150 mmzand over azReynolds numberzrange 8-2300. Distilled 

water,zmethanol, andzisopropanol werezused inzthis studyzbased onztheir 

distinctzpolarity andzviscosity properties. Distinguishablezdeviation from Stokeszflow 

theoryzwas notzobserved forzany channelzcross-section,zdiameter, material,zor fluid 

explored. 

D. B. Tuckermanz et al. (1981)  This paper tell about how planar integrated circuits come 

across some problems when it comes to achieve compact and high performance forced 

liquid cooling. To achieve low thermal resistance the convective heat-transfer factor ‘h’ 

was found as primary impediment between the substrate and coolant. The convective heat-

transfer factor ‘h’ scales inversely with the channel width to get the microscopic channels 

desirable when it comes to laminar flow in confined channels. Thermal resistance would 

get reduced by increase in surface area caused by use of high aspect ratio channels. Based 

on these considerations, very compact and water cooled heat sink for silicon integrated 

circuits had been designed and then tested. Substrate temperature rise of 71°C was 

measured above input water temperature at the power density of 790 W/cm2, in good 

agreement with the theory. The feasibility of ultrahigh-speed VLSI circuits may greatly 

enhanced by heat sink by allowing such high power densities. 
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Satish G. Kandilkar et al. (2001) studied the effect of surfacezroughness on heatztransfer 

and fluid flow characteristics in small diameter tubes. Single and two phase flow and heat 

transfer in small channels is receiving considerable attention recently in an effort to enhance 

the performance of heat exchange equipment. It is well known that by increasing the 

channel size, we get an enhancement in the heat transfer coefficient with an increasing in 

pressure drop. For small hydraulic diameter passages, the small roughness features on the 

wall play an important role in heat transfer and pressure drop characteristics of the flow. 

Colgan et al.z(2005) the paper facilitates the investigation of single phase liquid heat 

transfer by certain experimental methods and in a variety of micro-channels pressure drop 

is also measured. The experimental facility was very much capable of measuring heater 

surface temperature, differential pressure in test section, heat transfer rates, and fluid 

temperature. Capability of the experimental facility is demonstrated by a microchannel 

section which is using silicon material as substrate. To provide heat input to the silicon 

substrate we fabricate copper resistor to the backside of the substrate. For calculating the 

different surface temperature and acquiring heater temperature several copper resistor were 

fabricated with four point measurement technique. For the formation of the micro-channel 

flow passages the chip got bonded by a transparent Pyrex cover. Fundamental data 

collection in microchannel flows gets supported by the experimental facility. Experiment 

facilitates you of optical visualization of dyes and particles using a traditional microscope. 

In selecting the equipment the uncertainties of the experiment had been carefully measured 

in the experimental facility. 

Philips, Richard J. et al.z(1987) presentedzmicrochannel heatzsink usedzto coolza 

highzpower electronic devicezsuch as anzintegrated circuitzcomprising azplurality 
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ofzchannels inzclose thermalzcontact tozthe integratedzcircuit andzthrough whichza liquid 

iszpassed tozcreate eitherza developingzlaminar flowzor a turbulentzflow. The 

turbulentzflow may bezeither developingzor fullyzdeveloped. Thezheat sinkzfeatures 

azcompensationzheater surrounding thezintegrated circuitzand heatedzat the samezrate as 

the integratedzcircuit to therebyzprovide azmorezuniform temperature atzthe perimeter 

ofzthe integratedzcircuit. 

A.D. Ferguson et al. (2005) this paper tells about the experimental measurement, system 

components, error analysis and some other important issues which may have been 

discussed in other literatures. Their study is based upon experimental procedures and other 

useful guidelines which further help for research in micro fluidics. 

Steinke et al. (2006) based upon the manufacturing techniques, underlying fluid mechanics 

and heat transfer theory, a new channel size classification is introduced. Six parallel 

channels were manufactured and tested experimentally with a hydraulic diameter of 207 

micrometers. They measured the pressure drop in the micro-channels and observed the flow 

boiling patterns. 930 k W/m2 was the value of heat flux that was maintained throughout 

the experiment. Also, local heat transfer coefficient and quality was measured. Largest 

value of heat transfer coefficient was 192 kW/m2K they could achieve. It was suggested 

by the authors that in micro-channels, conventional flow boiling patterns could be occurred. 

A.G. Agwu Nnanna et al. (1996) Vapor compression system’s (VCR) transient response is 

get investigated for rapid change in the evaporator for that heat load is presented. In this 

study, the designing and construction of VCR is specifically done for application to cool 

high end computers and high heat flux electronics. Measurement of temperature and 
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pressure is done at pre-selected locations and behavior of refrigeration system is studied to 

alterations in evaporator heat load. Results shows that the junction temperature of 

stimulated electronics is maintained at a much lower temperature by the VCR system when 

it is compared to conventional cooling systems. Experimental evidence shows that the 

evaporator time constants and thermostatic expansion valve are equal and have a value of 

70 s. It is also shown by the experiment that at the thermostatic expansion valve prior to 

attain steady state condition and evaporator cold plate, there is oscillation in temperature 

occurs with time. Also, heat transfer consist of analytical model and the numerical models 

in the evaporator cold plate, it shown by the results that assumptions taken for the one 

dimensional temperature distribution is unrealistic. 

Sylvain Reynaud et al. (2005) in this paper friction and heat transfer coefficients of 2D 

mini-channels are measured of thickness ranges from 1.12mm to 300µm. The measured 

pressure drop is helpful in calculating the friction factor along the whole channel. At the 

wall using a specific transducer, the heat transfer coefficient is calculated from local and 

direct measurement of both heat flux and temperature. Classical correlations relative to 

conventional size channels are in good agreement with the experimental results. The 

observed deviation is observed by two ways either by imperfections of experimental 

apparatus or by macroscopic effect. 
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CHAPTER 3  EXPERIMENTAL WORK AND 

SIMULATION PROCEDURE 

Experimentation was done using Distilled Water, Nano Fluid containing Alumina Nano 

Particles at 0.01% Vol. Conc. and 0.05% Vol. Conc. at different mass flow rates. 

3.1 Experimental Setup 

A schematic diagram of experimental setup is shown in Fig.3.1 

 

Fig. 3.1 Schematic of Experimental Setup 

Set up consists of Aluminium test block. Minichannel of particular dimensions was 

fabricated on aluminium block which was mounted by glass cover with the help of water 
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tight adhesive to make it leak proof and  to visualize the fluid flow. Flat plate heater was 

attached at the bottom of the block to heat the fluid flow. Liquid contained by the fluid tank 

was driven by the pump at different flow rates. Rotameter is used to measure flow rate. 

Flow regulating valve is attached before the rotameter to adjust the flow. Differential 

manometer and thermocouples were used to measure the pressure drop and temperature 

respectively at inlet and outlet of minichannel. Coolants used in the experiment are Distilled 

water, nanofluid containing alumina nanoparticles at 0.01% Conc. Vol. and 0.05% Conc. 

Vol.  

 

Fig.3.2 Experimental Setup 
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3.1.1 Components of Experimental Setup 

 Aluminium Heat Sink 

 Flat Plate Heater 

 Water Tank (Reservoir) 

 Pump 

Heat Sink 

The test section consists of Aluminium block whose dimensions are: 

Length = 85 mm 

Breadth = 60 mm 

Depth = 15 mm 

Aluminium block covered with glass is shown in figure 3.3 

 

Fig 3.3 inichannel heat sink 
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Dimensions of minichannel are-  

Table 3.1 Dimensions of Minichannel 

Length 245 mm 

Area 7.965 mm2 

Perimeter 11.3 mm 

Hydraulic Diameter 2.81 mm 

Width 2.95 mm 

Depth 2.7 mm 

 

Formula used to calculate hydraulic diameter is  

Hydraulic Diameter (Dh) = 4*Area/Perimeter 

Flat Plate Heater 

Bottom attached flat plate heater is of dimensions 60 mm*40 mm*5 mm and heat load 

capacity of 150 Watt. 

Tank (Reservoir) 

Cylindrical liquid tank used as a reservoir had capacity of 3 litres as shown in Fig. 3.1 
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Pump 

The pump (shown in figure 3.4) had maximum flow rate capacity of 1500 L/hr.  

 

Fig. 3.4 Pump 

Table 3.2 Different Parameters of the system 

Heat sink material Aluminium 

Length 85 mm 

Breadth 60 mm 

Depth 15 mm 

Max. capacity of water pump 1500 L/hr 

Water tank capacity 3 L 

Heating element 150W 

 

3.1.2 Measuring Devices 

Different measuring devices such as 
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 Thermocouples  

 Differential Manometer 

 Rotameter 

were used to measure temperature, pressure drop and flow rate of the flowing liquid. 

Thermocouple 

 Thermocouple (shown in figure 3.5) had the range of 00 C to 1500 C. Two thermocouples 

were used in the experiment.  

 

Fig 3.5 Thermocouple 

Position of Thermocouples 

One thermocouple is positioned at the inlet of minichannel and second thermocouple at the 

outlet. Fig. 3.6 shows the position of thermocouples in aluminium heat sink.    
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Fig 3.6 Position of Thermocouples in Mini Channel Heat Sink 

Differential Manometer 

U-Tube Differential Manometer was used to find the pressure difference at the inlet and 

outlet of the minichannel as shown in Fig. 3.7 

Advantages of Differential Manometer 

1. It is a primary standard for pressure measurement. 

2. Simple in construction as well as highly accurate. 

3. They are flexible as wide range of filling fluids can be used. 

Precautions 

While reading parallax error must be taken care of. 
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Fig 3.7 Differential manometer                                 Fig. 3.8 Rotameter 

Rotameter 

Rotameter was used to measure the flow of fluid coming from the liquid tank as shown in 

Fig. 3.8. It had range of 10L/hr to 100L/hr.  

3.2 Calibration 

Before performing experiment, calibration of thermocouple was done. Water is taken in 

250 ml beaker and its temperature was measured using thermometer. Simultaneously, 

temperature was measured using thermocouple. Then the temperature of water was raised 

by keeping beaker on the hot plate and again its value was recorded. Similar procedure was 

performed for further procedure and following results were obtained: 
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Fig.3.9 Calibration curve for thermocouple 

3.3 Operational Procedure 

After performing Calibration, the following experimental procedure is followed- 

1) All the pipeline connections were checked for leakage and pump was switched on 

to make the flow of coolant in the circuit. 

2) After this flow rate was measured with rotameter and then the flow was adjusted to 

the desired value with the help of flow regulating valve. 

3) After setting the required flow rate when heater was switched on, steady state was 

reached in 100-120 minutes. 

4) Temperature at inlet and outlet was measured with the help of thermocouples. 

5) Simultaneously, pressure drop was measured using differential manometer at inlet 

and outlet of the minichannel. 

6) Readings from thermocouples and manometer were stored to calculate further 

results. 
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7) Samples of each fluid was collected to measure their properties such as density, 

conductivity etc. 

3.4 Properties of alumina (Al2O3) nanoparticle 

Properties of the purchased alumina (Al2O3) nanoparticle are depicted in the table 3.3 

below: 

Table 3.3 Properties of nanoparticles 

Chemical name Alumina Nano powder 

Particle size 20-30 nm 

Particle shape Spherical 

Appearance White 

pH value 6.6 

Density 3.97 gm/cm3 

Specific surface area 15-20 m2/gm 

Crystal form Alpha 

High purity 99% 

Thermal conductivity of particle 36 W/ m-K 

Special heat of particle 765 J/ kg-K 
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3.5 Preparation of Nanofluid 

For preparing a nanofluid of desired concentration, nanoparticles are dispersed into the 

base fluid i.e. water. Volume concentration of 0.01% was prepared by mixing 1.185 gm 

of nanoparticles in 3 L of distilled water. To make the nanoparticles more stable and 

more dispersed in water, ultra sonicator was used. Sonication was done for 3 hours 

before testing density, thermal conductivity & viscosity of the nanofluids. Then these 

properties were measured at various temperatures by heating nanofluids over hot plate. 

The Al2O3/water nanofluid sample stirred is shown in Figure 3.10 

           

     Fig.3.10 Magnetic Stirrer                  Fig.3.11 Ultra sonicator water bath 

Ultra Sonicator water bath 

Ultra sonicator (as shown in Fig.3.11) produce ultrasonic sound wave energy to agitate 

the nanoparticles in base fluid, and to make them in suspension for longer time period. 

Sonication can be used to speed dissolution, by breaking intermolecular interactions. 

Figure 3.12 shows the water and prepared nanofluids which are to be used for the 

experiment.  
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(a)                        (b)                    (c) 

Fig.3.12 Prepared samples: (a) distilled water, (b) 0.01% vol. conc. Al2O3-H2O (DI) 

nanofluid, (c) 0.05% vol. conc. Al2O3-H2O (DI) nanofluid 

 

3.6 Instruments used for preparation of nanofluid and to measure various 

properties of Al2O3/Water Nanofluid 

The objective of the present work is to prepare nanofluid of Aluminium oxide with 

distilled water as base fluid, measurement of thermo-physical properties (thermal 

conductivity, viscosity and density).These measurements are performed by using KD2 

pro thermal property analyzer, viscometer, Rheometer, densitymeter. 

3.6.1 Rheometer 

Dynamic viscosity of the nanofluid is measure through Brookfield rheometer (Anton 

Paar) which is shown in figure 3.13. It consists of cope and cone shape like device and 

a spindle is dipped into the sample whose property is to be measured. Spindle is made 

to rotate and due to which the viscous drag is produced in the fluid against the spindle. 

The viscous drag is measured with the help of deflection produced within the calibrated 

spring. 
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Fig.3.13 Rheometer                              Fig.3.14 Densitymeter 

3.6.2 Densitymeter 

Densitymeter (shown in figure 3.14) was used to measure the specific density of 

nanofluid. 

3.6.3 Thermal properties analyzer KD2 PRO 

Thermal conductivity of nanofluid is measured by KD2 PRO (shown in figure 3.15). It 

consists of panel which is hand handler type and a sensor which is inserted in medium, 

through which thermal conductivity is measured. . 

 
Fig.3.15 KD2 Pro 
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3.7 Simulation Procedure  

Simulation of minichannel was performed using CFD, for water and nanofluid as 

cooling medium. The simulation procedure is given below. 

3.7.1 Geometric Modelling 

The geometry consists of Aluminium heat sink having dimensions length-85mm, 

width-60mm and depth-15mm. In this heat sink, mini channel of rectangular cross-

section having dimension 2.81mm*2.7mm is grooved with the profile shown in the 

following geometry. 

 

Fig.3.16 Geometric Model of Heat Sink 
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3.7.2 Meshing 

 

Fig.3.17 Meshed Geometry of Heat Sink 

Table 3.4 Meshing Details  

Nodes 32416 

Elements  23679 

Mesh Metric Skewness  

Minimum  1.3057293693791 E-10 

Maximum  0.292283360341277 

Average  2.93673803052147 E-03 

Standard Deviation 1.52932949023585 E-02 
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3.7.3 Material Model 

Following materials are used in CFD simulation 

 Distilled Water 

 Aluminium 

 Al2O3-water nanofluid (0.01% vol. conc. and 0.05% vol. conc.) 

 

Table 3.5 Thermophysical properties of various materials used in CFD. 

Thermophysical 

properties 

Water Aluminium Al2O3-water 

(0.01% vol. 

conc.)  

Al2O3-water 

(0.05% vol. 

conc.) 

Density(kg/m3) 998.2 2719 1020 1139 

Specific heat (J/kg/K) 4182 871 3928 3484 

Thermal  

conductivity (W/mK) 

0.6 202.4 0.655 .667 

Viscosity (m2/s) 0.001003 - 0.00062 0.00067 

 

 

3.7.4 Boundary Conditions 

a) Flow Conditions  

The flow at the inlet was maintained as uniform mass flow at ambient temperature 

conditions. By varying velocity by 0.696 m/s, 1.393 m/s, 2.084 m/s and 2.435 m/s. The 
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outlet pressure is specified as Zero bar (gauge pressure). No slip condition was used for the 

walls. 

Table 3.6 Flow conditions used in CFD 

Velocity (m/s) Temperature 

0.696 50 

1.393 46.5 

2.084 45.9 

2.435 44.1 

 

b) Heat Flux Boundary Conditions 

For the Heating Surface, heat flux was assigned whereas adiabatic Boundary Conditions 

was used for all other faces of Aluminium heat sink. 
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CHAPTER 4                       RESULTS AND DISCUSSIONS 

4.1 Purpose of Study 

In the dissertation, liquid cooling in Mini-channel have been studied. Aluminium heat sink 

has been selected having mini-channel on it. Coolants choosed separately for the purpose 

are Distilled Water and mixture of Alumina (Al2O3) Nanoparticles and Distilled Water at a 

concentration of 0.01% volume concentration and 0.05% volume concentration. The 

objective was to experimentally evaluate the performance of a mini-channel heat sink for 

cooling of electronic circuits. For all these three cases, pressure change and temperature 

profile were studied and compared. 

4.2 Property Comparisons 

Some properties such as density, viscosity, and conductivity have been measured using 

instruments such as densitymeter, rheometer and KD2 pro respectively at different 

temperatures. These properties have been represented graphically. In each graph, property 

of distilled water and nanofluids at 0.01% Vol. Conc. and 0.05% Vol. Conc. have been 

compared.  

4.2.1 Variation of Density with Temperature 

Fig. 4.1 shows the variation of density with temperature for distilled water and nanofluids 

at 0.01% Vol. Conc. and 0.05% Vol. Conc. Density has shown decreasing trend with 

increase in temperature. At particular temperature, density of water increases with increase 

in the concentration of nano particles. A decrease of 2.15% have been obtained for density 
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of water when the temperature was increased from 300 C to 760C. An increase of 14.95% 

has been observed in density at room temperature, when the concentration of nano particles 

is raised from 0-0.05% 

 

Fig 4.1 Density versus temperature at different concentration of water 

4.2.2 Variation of Viscosity with Temperature 

Fig. 4.2 shows the variation of viscosity with temperature for distilled water and nanofluids 

at 0.01% Vol. Conc. and 0.05% Vol. Conc. Viscosity has shown decreasing trend with 

increase in temperature. A decrease of 52.9% have been obtained for viscosity of water 

when the temperature was increased from 310 C to 770C. An increase of 13.6% has been 

observed in viscosity at room temperature, when the concentration of nano particles is 

raised from 0-0.05% 
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Fig. 4.2 Viscosity versus temperature at different concentration of water 

4.2.3 Variation of Conductivity with Temperature 

Fig. 4.3 shows the variation of conductivity with temperature for distilled water and 

nanofluids at 0.01% Vol. Conc. and 0.05% Vol. Conc. Conductivity has shown increasing 

trend with increase in temperature. At particular temperature, conductivity of water 

increases with increase in the concentration of nano particles. An increase of 19.1 % have 

been obtained for conductivity of water when the temperature was increased from 30.60 C 

to 75.40C. An increase of 1.2% has been observed in conductivity at room temperature, 

when the concentration of nano particles is raised from 0-0.05% 
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Fig. 4.3 Conductivity versus temperature at different concentration of water 

4.3 Results Comparison 

All the readings obtained from the experiments have been represented graphically. 

Different graph showing the variation of pressure drop, friction factor, temperature (inlet 

and outlet) and fanning friction factor with Reynolds number have been drawn depicting  

all the coolants. 

4.3.1 Variation of Pressure Drop with Reynolds Number 

From fig 4.4, it is clear that pressure drop has increased with increase in Reynolds number. 

The trend of increasing is almost parabolic which also satisfies the theoretical aspect as per 
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velocity, as Reynolds number signifies the variation of velocity. Hence, this trend of 

pressure drop with Reynolds number is justified for all concentrations. On addition of 

nanoparticles, there is not much change in the pressure drop value. This is because 

nanoparticles are added at very small concentrations. 

 

Fig 4.4 Variation of Pressure Drop with Reynolds number. 

4.3.2 Variation of Friction Factor with Reynolds Number 

Figure 4.5 shows that the friction factor has decreasing trend with increase in Reynolds 
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variation is slightly more as compared to water. Very large variation was recorded in the 

case of 0.05% Vol. Conc. 

 

Fig 4.5 Variation of Friction Factor versus Reynolds Number  

4.3.3 Variation of Inlet and Outlet Temperature of channel with Reynolds Number 

Figure 4.6 shows that inlet temperature has decreasing trend with increase in Reynolds 
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temperature. As Reynolds Number increases, difference between inlet and outlet 

temperature decreases. This is due to decrease in the available time for heat transfer because 

at high flow rates cooling medium has travelled with high velocities.  

 

Fig 4.6 Inlet and Outlet temperature versus Reynolds Number for Water 

Figure 4.7 shows that temperature difference between inlet and outlet in nano fluid 0.01% 

vol. conc. is more as compared to water, which is expected because of more heat carrying 

property of nano fluid. 
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Fig 4.7 Inlet and Outlet temperature versus Reynolds Number for 0.01% Vol. Conc. Nano 

Fluid 

For nanofluid 0.05% vol. conc. (Figure 4.8) the temperature difference is more, which is 

an important parameter for electronic cooling. As the concentration of nano particles 

increases, the temperature difference also increases. 

 
Fig 4.8 Inlet and Outlet temperature versus Reynolds Number for 0.05% Vol. Conc. Nano 

Fluid 
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4.3.4 Variation of Fanning Friction Factor with Reynolds Number 

Figure 4.9 shows the variation of fanning friction factor for Reynolds Number varying from 

2500 to 12500, for a minichannel having hydraulic diameter 2.81 mm, for water and 

nanofluid (0.01% Vol. Conc. and 0.05% Vol. Conc.) . It was seen that with increase in mass 

flow rate, fanning friction factor also increases. However, not much rise in fanning friction 

factor was observed on addition of nano particles as concentration of nano particles is too 

less in the nano fluid mixture.  

 

Fig 4.9 Fanning Friction Factor versus Reynolds Number 
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4.3.5 Variation of Temperature Difference with Reynolds Number 

Figure 4.10 shows that temperature difference decreases with increase in Reynolds Number 

for water. Similar trends were seen on addition of nano particles. Temperature difference 

for 0.01% Vol. Conc. is much similar to water whereas, temperature difference increases 

for all values of Reynolds Number in case of 0.05% vol. conc.  

 

Fig. 4.10 Temperature Difference versus Reynolds Number 

4.3.6 Variation of Temperature Change with Reynolds Number 
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number up to 10581 and after that it has decreased at all the concentrations. This is due to 

the fact that with increase in the Reynolds number, the time available for the heat transfer 

decreases which leads to decrease in heat transfer rate at high Reynolds number. Heat 

transfer rate has also increased on the addition of nanoparticles that is 0.05% vol. conc. 

nanofluids have max. heat transfer rate as compared to other lower concentration at all the 

Reynolds number. 

 

Fig. 4.11 Heat Transfer versus Reynolds Number 
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Figure 4.12 shows the comparison of Temperature change with Reynolds Number between 

the Computational Fluid Dynamics and Experimental Results for Distilled Water. Similar 

trends were seen in both cases. CFD results have shown deviation from experimental results 

at low Reynolds Number. Maximum over prediction of 13.33% was obtained from the CFD 

simulation results at Reynolds Number 6807 when compared with the experimental results. 

 

Fig. 4.12 Temperature Difference versus Reynolds Number for CFD and Experimental 

Results for water 

4.3.8 Variation of Pressure Drop with Reynolds Number using Computational Fluid 

Dynamics for distilled water 

0.5

0.7

0.9

1.1

1.3

1.5

1.7

1.9

2.1

2.3

2500 4500 6500 8500 10500 12500

T
E

M
P

E
R

A
T

U
R

E
 D

IF
F

E
R

E
N

C
E

 (
O

C
)

REYNOLDS NUMBER

CFD TEMPERATURE DIFFERENCE-

REYNOLDS NUMBER

CFD Experimental



 60  
 

Figure 4.13 shows the comparison of Pressure Drop with Reynolds Number between the 

Computational Fluid Dynamics and Experimental Results for Distilled Water. CFD has 

shown little deviation for Pressure Drop as compared to Experimental data at high Reynolds 

Number. Maximum under prediction of 8.74% was obtained from the CFD simulation 

results at Reynolds number 3230 when compared to the experimental results. 

 

Figure 4.13 Pressure Drop versus Reynolds Number for CFD and Experimental Results 
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Figure 4.14 shows the comparison of temperature change with Reynolds Number between 

the Computational Fluid Dynamics and Experimental Results for 0.01% vol. conc. CFD 

has shown little deviation for temperature change as compared to experimental data. 

Maximum over prediction of 12.7% was obtained from the CFD simulation results at 

Reynolds number 3230 when compared to the experimental results. 

 

Figure 4.14 Temperature Difference versus Reynolds Number for CFD and Experimental 

Results for 0.01% vol. conc. 
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Figure 4.15 shows the comparison of pressure drop with Reynolds Number between the 

Computational Fluid Dynamics and experimental results for 0.01% vol. conc. CFD has 

shown little deviation for pressure drop as compared to experimental data at high Reynolds 

Number. Maximum under prediction of 15.2% was obtained from the CFD simulation 

results at Reynolds number 11635 when compared to the experimental results. 

 

Fig. 4.15 Pressure drop versus Reynolds Number for CFD and Experimental Results for 

0.01% vol. conc. 

4.3.11 Variation of Temperature Change with Reynolds Number using 

Computational Fluid Dynamics for Al2O3-Water nanofluid at 0.05% vol. conc. 
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shown little deviation for temperature change as compared to experimental data. Maximum 

under prediction of 19.1% was obtained from the CFD simulation results at Reynolds 

number 11635 when compared to the experimental results. 

 

Fig. 4.16 Temperature Difference versus Reynolds Number for CFD and Experimental 

Results for 0.05% vol. conc. 

4.3.12 Variation of Pressure Drop with Reynolds Number using Computational Fluid 

Dynamics for Al2O3-Water nanofluid at 0.05% vol. conc. 
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Number. Maximum under prediction of 10.2% was obtained from the CFD simulation 

results at Reynolds number 11635 when compared to the experimental results. 

 

Figure 4.17 Pressure drop versus Reynolds Number for CFD and Experimental Results 

for 0.05% vol. conc. 
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smoother flow of the cooler medium. It has also seen experimentally, that due to inertia of 

nano particles they strike to the corners of the channels and get collected over there.  

 

Fig.4.18 Pressure Contour 

Temperature Contour 

From temperature contour, it can be seen that as the fluid travel from inlet to outlet along 

length of the channel, temperature has increased. Temperature of fluid touching the surface 

is more as compared to temperature at inner side towards center. Also maximum 

temperature regions can be seen at the corners of the channel. 
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Fig.4.19 Temperature Contour 

Velocity Distribution 

From Velocity distribution, it can be seen that as the fluid travel from inlet to outlet along 

length of the channel, velocity has decreased. Velocity of liquid is less near the walls of 

minichannel due to friction between surface and flowing liquid. Velocity of liquid is more 

at center of mini-channel and less towards the outer surface due to viscosity. It has also 

seen experimentally, that due to inertia of nano particles they strike to the corners of the 

channels and get collected over there, which signifies that channel must be made curved, 

for smoother flow of the cooling medium. 
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Fig4.20 Velocity Path lines 
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CHAPTER 5         CONCLUSION 

AND FUTURE SCOPE 

5.1 Conclusion 

Experimental and simulation work has been carried out to study the cooling of aluminium 

heat sink using minichannel water as cooling medium. Nanoparticles were also added to 

water in order to enhance heat transfer rates. The following conclusions were made 

throughout the experimentation: 

 Density and viscosity of nanofluids have decreased with increase in temperatures 

whereas both have increased on addition of nanoparticles. The changes in viscosity 

were more significant with temperature than change in density.  

 Thermal conductivity of nanofluid has increased with increase in temperature. The 

conductivity has shown significant increase on addition of nanoparticles at higher 

temperatures.  

 Pressure drop has shown parabolic increase with increase in the numbers. However 

pressure drop did not show any significant change on addition of nanoparticles 

because nanoparticles were added at very small concentrations.  

 With increase in Reynolds number, friction factor has decreased. Higher values of 

friction factor were obtained at 0.05% vol. conc. of nanoparticles, it has decreased 

with decrease in concentration at all the Reynold numbers.  

 Fanning friction factor has increased linearly with increase in Reynold number.  

 Temperature difference between inlet and outlet of minichannel has decreased with 

increase in Reynolds number due to decrease in available time for heat transfer. 
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Higher values of temperature difference were obtained for nanofluids at higher 

concentrations in comparison to water at all the Reynolds numbers.  

 On addition of nanoparticles, heat transfer rate has increased whereas at all the 

concentrations, it has decreased at high Reynolds number due to decrease in the 

time available. 

 Results of temperature difference and pressure drop obtained from CFD were 

compared with experimental results. CFD has overpredicted the temperature 

difference at low Reynold numbers whereas pressure drop is underpredicted by 

CFD at higher Reynolds number.  

 From pressure distribution contours, it can be seen that the sharp edges of 

minichannels resulted in higher pressure regions, so these should be eliminated to 

have smoother flow. 

 Temperature of water has increased along the length of minichannel, maximum 

temperatures were recorded near the wall at outlet. 

5.2 Future scope of work 

Further scope of work will include: 

(i) Different heat sink materials, nanoparticles and base fluid configuration can be used 

to further investigate the thermophysical parameters and maximize heat transfer 

rates. 

(ii) Minichannels of different geometrical configurations can be used to investigate the 

influence of geometrical parameters on heat transfer rates. 
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Appendix: A1 

Table A1: Calibration of thermocouple data 

Thermometer Thermocouple 

26.7 26.9 

31.6 31.7 

35.3 35.2 

41.9 41.7 

45.6 45.7 

51.3 51.2 

 

Table A2: Experimental data for water 

Q(m3/s) Tin(
oC) Tout(

oC) ∆ℎ(cm of Hg) Re q(watt) 

0.00000555 50 51.9 1.4 3230.2 42.473 

0.0000111 46.5 48 5.1 6807.88 66.98 

0.0000166 45.9 47 11.2 10920 73.32 

0.0000194 44.1 44.7 15.1 11990.3 46.82 

 

Table A3: Experimental data for 0.01% vol. conc. nanofluid 

Q(m3/s) Tin(
oC) Tout(

oC) ∆ℎ(cm of Hg) Re q(watt) 

0.00000555 47.7 49.6 1.5 3230.2 42.27 

0.0000111 44.5 46.1 5.3 6807.88 71.30 
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0.0000166 44.2 45.6 11.2 10920 93.31 

0.0000194 43.2 44.1 16.9 11990.3 70.14 

 

Table A4: Experimental data for 0.05% vol. conc. nanofluid 

Q(m3/s) Tin(
oC) Tout(

oC) ∆ℎ(cm of Hg) Re q(watt) 

0.00000555 47.3 49.6 1.8 3230.2 50.68 

0.0000111 46.3 48.1 5.7 6807.88 79.36 

0.0000166 45.2 46.7 11.7 10920 98.95 

0.0000194 43.2 42.6 17.7 11990.3 92.62 

 

Table A5: Data for property calculation at different temperatures for water 

T (oC) Density(kg/m3) Viscosity(kg/m-s) Conductivity(W/m.K) 

30.24 995.11 0.00077334 0.628 

37.9 992.58 0.00066153 0.632 

41.5 991.23 0.00061783 0.645 

45.6 989.59 0.00057364 0.65 

49.12 988.08 0.00053979 0.655 

53.91 985.88 0.00049888 0.659 

57.11 984.32 0.00047441 0.664 
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61.33 982.16 0.00044513 0.688 

67 979.08 0.00041039 0.701 

72 976.18 0.0003834 0.744 

76 973.74 0.0003639 0.748 

 

Table A6: Data for property calculation at different temperatures for 0.01% vol. conc. 

nanofluid 

T (oC) Density(kg/m3) Viscosity(kg/m-s) Conductivity(W/m.K) 

30.24 1024.85 0.00079301 0.631 

37.9 1023.35 0.000698 0.636 

41.5 1023.01 0.0006355 0.651 

45.6 1018.39 0.00058823 0.659 

49.12 1015.89 0.00053352 0.666 

53.91 1015.72 0.0005115 0.677 

57.11 1013.17 0.00048648 0.689 

61.33 1012.03 0.0004464 0.699 

67 1010.98 0.00042083 0.719 

72 1008.11 0.0003931 0.774 

76 1001.70 0.000373 0.795 
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Table A7: Data for property calculation at different temperatures for 0.05% vol. conc. 

nanofluid 

T (oC) Density(kg/m3) Viscosity(kg/m-s) Conductivity(W/m.K) 

30.24 1143.85 0.000879 0.636 

37.9 1140.45 0.000732 0.641 

41.5 1140.16 0.000702 0.661 

45.6 1139.61 0.000652 0.672 

49.12 1137.17 0.000603 0.686 

53.91 1134.08 0.000567 0.698 

57.11 1133.60 0.000539 0.716 

61.33 1129.55 0.000526 0.732 

67 1128.62 0.000466 0.761 

72 1127.87 0.000455 0.801 

76 1121.55 0.000413 0.832 

 

 


