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ABSTRACT 

The primary function of a Natural Circulation 

Loop (NCL) is to transport heat from a source to 

a sink. The main advantage of the natural 

circulation system is that the heat transport 

function is achieved without the aid of any pump. 

The absence of moving/rotating parts to generate 

the motive force for flow makes it less prone to 

failures reducing the maintenance and operating 

costs. The motive force for the flow is generated 

within the loop simply because of the presence of 

the heat source and the heat sink. A large variety 

of combinations of nanostructures and heat 

transfer fluids can be used to synthesize stable 

nanofluids with improved thermal transport 

properties. Nanostructures made from metals, 

oxides, carbides and carbon nanotubes can be 

dispersed into HTFs, such as water, ethylene 

glycol, hydrocarbons and fluorocarbons with or 

without the presence of stabilizing agents. In most 

experimental studies, nanofluids are synthesized in 

a two-step process, which are the first and the most 

classic synthesis method of nanofluids. In the 

present work nanoparticles of ZnO, CuO and 

Al2O3 were orchestrated. These integrated 

nanoparticles were then portrayed by utilizing 

different procedures like X-ray diffraction (XRD), 

transmission electron microscopy (TEM), 

scanning electron microscopy (SEM) and energy 

dispersive X-ray spectroscopy (EDX). 

The stabilization of loop fluid is achieved with the 

introduction of nanoparticles. The fluctuations in 

the velocity vs time curve would be decrease order 

and almost become linear with time. Also, the 

enhancement of flow rate in the loop may be 

record with the increase of temperature of heat 

source and also with the increase of volume fraction 

of Al2O3 in nanofluid. Ultrasonic velocity of a liquid 

is identified with the coupling powers between the 

iotas or the molecules. The accurate estimation of 

thickness, viscosity, ultrasonic velocity and 

subsequently the determined parameters, free 

volume and related parameters will give 

noteworthy data with respect to the state of affairs 

in an answer. 

 

1-INTRODUCTION 

The primary function of a Natural Circulation 

Loop (NCL) is to transport heat from a source to 

a sink. The main advantage of the natural 

circulation system is that the heat transport 

function is achieved without the aid of any pump. 

The absence of moving/rotating parts to generate 

the motive force for flow makes it less prone to 

failures reducing the maintenance and operating 

costs. The motive force for the flow is generated 

within the loop simply because of the presence of 

the heat source and the heat sink. Due to this 

natural circulation loops find several engineering 

applications in conventional as well as nuclear 

industries. Notable among these are solar water 
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heaters, transformer cooling, and geothermal 

power extraction, and nuclear reactor cores. 

Emerging new fields of application are computer 

chip cooling, and electronic cooling etc. A heat 

source, a heat sink and the pipes connecting them 

form the essential parts of a natural circulation 

system. Usually, the heat sink is located above the 

source to promote natural circulation. The pipes 

are connected to the source and sink in such a way 

that it forms a continuous circulation path. When 

the flow path is filled with a working fluid, a 

natural circulation system is ready where fluid 

circulation can set in automatically following the 

activation of the heat source under the influence of 

a body force field like gravity. 

With both the source and sink conditions 

maintained constant, a steady circulation is 

expected to be achieved, which can continue 

indefinitely if, the integrity of the closed loop is 

maintained. 

Natural circulation loops ,thermosyphons: 

Natural circulation loops (thermosyphons) are 

stream systems heated from beneath and cooled 

from above, with the end goal that the heat sink is 

higher than the heat source. This particular 

arrangement makes a thickness slope which 

creates the main impetus. Thermosyphons show 

up in geophysical and geothermal systems and 

have been utilized in numerous applications in 

differing vitality change systems, for example, 

solar heating gadgets, ingestion iceboxes, 

reboilers in concoction ventures and cooling of 

different motors. One of the most significant 

employments of thermosyphonsis incrisiscenter 

cooling of a to micreactors.This subject increased 

more enthusiasm following the recuperation of the 

reactor after the Three Mile Island (TMI) mishap 

in 1979, when it was shown that natural circulation 

was the main compelling approach to evacuate the 

rot heat Natural circulation flows are regularly 

isolated into single-and two-stage loops. 

Hypothetical strategies have been created so as to 

recreate different loops, inferscaling laws for tests 

and clarify physical marvels including security 

attributes. Then umerical models depend on the 

coupled preservation conditions, rendering the 

issue nonlinear. 

Natural Circulation Loop With Different States 

Ofloopfluid At Starting Of Activation 

A heat source, a heat sink and the pipes associating 

them structure the basic pieces ofa natural 

circulation framework. Ordinarily, the heat source 

is put at the base or inthe side pipe leg of the loop 

and the heat sink is situated at the top end of the 

Natural circulation loop (NCL) to advance 

naturalcirculation. The pipes are associated with 

the source and sink so that it frames a nonstop 

liquid circulation way. At the pointwhen the loop 

is loaded up with working liquid,a natural 

circulation framework is prepared where liquid 

circulation can begins consequently 

followingtheactuation of the heat source by 

providing hot water through the heat source. With 

both the heat source and heat sink conditions kept 

up consistent for example hot and cold fluids 

coursing through the heat source and heat sink are 

looked after consistent, a steady circulation of loop 

liquid can be accomplished, which can proceed 

uncertainly if, the steady satisfy states of the NCL is 

kept up. Natural circulation is a straightforward 

marvel which happens in a liquid in nearness 

oftemperature and thickness slopes in a power 

field.The age of thickness inclination is 

brought about by temperature varieties of 

liquid because of synchronous heating and 

cooling at various pieces ofthe loop. In a NCL the 

loopliquidstream is driven by thermally generated 

thickness slope with the goal that a pumpisn't 

required. Affected by gravitational power heavier 

liquid tumbles down and the lighter liquid ascents 
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up and. Under the stable activity of the loop the 

liquid encountersaconstant circulation through the 

loop. 

In natural circulation systems, there is a heat 

source and a heat sink, with the heat source set 

lower than the heat sink, both in contact with a 

segment of the loop liquid. As outcome of 

presentation to various heat fluxes, the heated 

piece of the liquid gets lighter and ascends tuned 

in, while the cooled part gets denser and is dropped 

somewhere around gravity. These consolidated 

impacts set up liquid circulation on the up and up. 

As natural circulation loops needn't bother with any 

movingmechanical parts like pump or fan, natural 

circulation loops are portrayed by high 

unwavering quality and low expenses of support. 

Then again, it is significant the plan of the systems 

which utilize natural circulation as essential heat 

move component so as to enhance the thermal 

exhibitions and to maintain a strategic distance 

from undesirable powerful practices, for example, 

stream hazards or stream inversions. 

 

2-LITERATURE REVIEW 

Charles et al. (1966) examined the Lockhart and 

Martinelli parameters; saw to be useful in 

comparing data for stratified stream of two 

immiscible fluids in the laminar- violent 

organization. 

Schael et al. (1996) considered water-lamp fuel 

mixes in a vertical pipe and indicated the 

utilization of a hot-film anemometer for two-

organize streamestimation. 

Hewitt (1998) analyzed about fluid streams and their 

stream designs. The foreseen weight drops and theft 

in the different organizations werein like manner 

analyzed. 

Yaws (1999) showed all of the properties of 

faultless manufactured substances and made 

associations. 

Zhao et al. (2006) concentrated the stream design 

and the strategy of game plan system of the 

dissipated stage with shaded deionized water-lamp 

fuel in an even rectangular little scale channel. 

Thestreamdesigns directwereconnected by 

interfacialweight and dormancy obliges and made 

connections. 

Rodriguez and Oilman’s (2006) drove two-

organize attempts various things with water- 

diesel, water- oil into some degree inclined steel 

pipe. The suffering state data on stream designs; 

two-organize weight tendency and burglary were 

gained and made models.A stratified wavy stream 

design with no mixing at the interface was 

recognized in sliding and upward stream. 

 

Stream in Liquid-Gas Flows: 

Lockhart and Martinelli et al. (1949) examined 

air-benzene, lamp fuel, water and oil mixes in a 

pipe, estimated weight drop and 

percolating/gathering heat move estimations. 

They made distinctive stream systems and were 

connected. Finally, they proposed a relationship 

for the isothermal two phase stream. 

Chisholm and Laird (1958) coordinated 

assessments with water-air mixes in an indirect 

cylinder and the test outcomes were differentiated 

and theLockhart- Martinelli relationship and 

Akagawa association and proposed a relationship 

got by introducing a confined stream show in a 

rectangular channel. This relationship gave 

definite desires for the weightdrop. 

Koh et al. (1961) probably considered water-air in 

a cylinder and investigated theeffects of the 

interfacial 

shear on heat move for Prandtl amounts of at least 

ten conspicuous. Emerson (1963) lit up water-air 

mixes in astound sort heat exchanger,estimated 

stream rate, weight drop and heat move. They 

moreover made definite connections. 
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Search and Davis (1972) probably considered 

water-air two-organize stream mixes in a level 

plateandinvestigatedtheeffects ofdifferentstream 

organizations ontheampleness oftheheat move. 

The results for smooth fluid film stream and two- 

dimensional wavy stream of the fluid stage seemed 

to agree with the speculative assessment of heat 

move tosmoothmotion pictures. 

Kawahara et al. (2002) probably mulled over 

water-nitrogen mixes in around cylinder. They 

examined the two-arrange stream designs by video 

recording. The stream wasin the clear silica 

limited cylinder, and made associations. 

Heat Transfer in Liquid-Liquid Mixtures: 

Gollan and Sideman (1970) probably lit up fluid 

stream of water in an inclined plane and viewed 

the prompt contact heat move with change of stage 

and estimated heat move coefficients for stratified 

laminar streamdown in an inclined plane. 

Farrar and Brunn (1996) mulled over water-lamp 

fuel mixes in a vertical pipe stream and demonstrated 

the utilization of a hot-film anemometer for two-

organize streamestimation. 

Lang and Auracher (1996) likely thought the 

stage scattering and heat move in n- heptane- water 

mix streaming upward in a vertical cylinder, for 

different volumetric segments of n- heptane, delta 

speeds and cove temperatures, estimated arrange 

transport. They viewed an unforeseen change in the 

heat move from water-instructed heat move to n-

heptane- overpowered heat move at n-heptane 

volume partitions in the region of0.6 and 0.7. 

Wang et al. (2008) analyzed heat move scaled 

down scale dispersing hot octane and hexane into 

cold water, by cross stream of the oil arrange into 

water through a film, estimated Murphree 

efficiency, oil volumetric bit and Ca Number, and 

made associations and models. They viewed the 

critical update in heat move on account of 

dispersing with up to 15-20 extended in 

volumetric heat move coefficients diverged 

fromroutine scattered framework. 

 

Spiral Plate Heat Exchangers: 

Wen-Jei Yang (1964) inspected hypothetically 

for incompressible thick liquidsin 

logarithmicspiral channel. Thevarious parameters 

likespeed, temperatureand center profiles were 

found out. Numerical results were gotten for shear 

stretch and the pacesof heatand mass transfer at the 

channel dividers 

Minton (1970) concentrated the speculative 

assessments in a spiral plate heat exchanger, 

estimated the heat transfer coefficient, pounding 

segment and weight drop. They also made 

observational connections. 

Xuan et al. (1991) developed a warm examination 

of shell and cylinder exchangers. They gathered 

temperature conditions and used for the tally of 

warm feasibility, mean temperature differentiate, 

amendment figure and the temperature at a given 

zone on the exchanger surface and made 

associations. 

Arrdaneh Kazem (2010) thereason for this paper 

is to build up anonlinear modelto examine the 

insecurities of a two-stage natural circulation loop. 

We get a steadiness guide to investigate the shaky 

regions of this natural circulation loop. The 

outcomes show that the considered loop has two 

flimsy regions, precariousness type-I in the 

lowpower region and flimsiness type-II in the 

powerful region. At that point the parametric 

investigation is done to comprehend the 

connection between the parameters of system and 

two sorts of precariousness. The parametric 

examination uncovers that extending the riser 

unstably affects system steadiness. In this manner, 

extending the riser causes a decrease in the 

security region in the both low power and high-

power levels. Likewise, it very well may be seen that 
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by expanding the structure misfortune coefficient 

at the delta of heated segment or in the down 

comer segment, the solidness region grows, 

anyway by expanding the structure misfortune 

coefficient at the outlet ofheated segment or in the 

upper flat area, the dependability region 

diminishes consequent 

Xing Luo (2010) Thermosyphon reboilers are 

generally utilized in treatment facilities, 

petrochemical ventures and other compound 

procedures. The fluiditem stream originating from 

the base of the fume fluid separator is heated in an 

evaporator comprising of a vertical cylinder or 

cylinder pack. At the point when the evaporation 

happens, the particular volume of the two-stage 

fluid increments. The upward lightness power 

brought about by the thickness distinction between 

the evaporator and down-stream pipe drives the 

fluid coursing through the evaporator in to the 

separator and structures a natural circulation. The 

investigations were directed in a pilot scale 

thermosyphon system in which the evaporator 

comprises of 7 steel tubes (outside measurement 

30 mm, divider thickness 2 mm, length 4 m). A 

numerical model wassetup torecreate the 

heattransferand 

weightdrop,inwhichexperimentalconditions from 

writing were utilized. With the assistance of the 

recreation, the stream bubbling heat transfer 

coefficients inside the tubes can be accessed from 

a couple of estimated nearby divider temperatures. 

P. K. Vijayan (2010) a one-dimensional 

hypothetical model has been utilized to break 

down the relentless state and security execution of 

single-stage, two-stage and supercritical natural 

circulation in a uniform width rectangular loop. 

Parametric impacts of breadth,bay temperature 

and system pressure on the relentless state and 

steadiness execution has been considered. In the 

single-stage fluid filled region, the stream rate is 

found to increment monotonically with control. Then 

again, the stream rate in two-stage NCS is found to 

at first increment, arrive at a top and afterward 

decline with control. For the supercritical region 

additionally, the unfaltering state conduct is seen 

as like that of two-stage region. In any case, in the 

event that the heater channel temperature is past 

the pseudo basic worth, at that point the exhibition 

is like single-stage loops. Likewise, the 

supercritical natural circulation stream rate 

diminishes radically during this condition. With 

increment in loop distance across, the stream rate 

is found to upgrade for all the three regions of 

operation. Weight impacts stream rate in two-

stage region peripheral impact in supercritical 

region and essentially no impact in the single-stage 

region. With increment in loop distance across, 

operation in the single-stage and supercritical 

regions is found to destabilize while the two-stage 

loops are found to balance out. Once more, 

pressure impacts solidness in the two-stage region. 

Bertrand Baudouy (2010) a natural convection 

circulation loop in fluid nitrogen, for example an 

open thermosiphon stream configuration, has been 

examined tentatively close to environmental 

weight. The examinations were directed on a 2 m 

high loop with a copper container of 10 mm internal 

distance across consistently heated over a length of 

0.95 m. Development of the all-out mass stream 

pace of the loop and the weight distinction along 

the cylinder are depicted. We additionally report 

the bubbling bends where single stage and two- 

stage streams are related to expanding heat 

motion. We center our heat transfer investigation 

around the single stage system where blended 

convection is experienced. A heat transfer 

coefficient connection is proposed. We 

additionally analyze the bubbling early stage as an 

element of the cylinder tallness. 

Euh et al. (2011) built a stream perception system 
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of a vertical annular test area witha heater pole in 

the middle for estimating the air pocket takeoff 

recurrence utilizing a rapid camera and built up a 

productive procedure of picture preparing. They 

examined the air pocket nucleation under different 

thermal water driven states of water, pressures 

from 167 to 346 kPa, mass motions from 214 to 

1869 kg/m 2 s, heat transitions from 61 to 238 

kW/m2, and sub cooling degrees from 7.5 to 24.4 

K. A progressively conceivablemodel was 

proposed dependenton the deliberate information 

and the accessible models. 

Zhuan and Wang (2011) built up a model for sub 

cooled stream bubbling in a micro channel and 

exhibited the impact of surface pressure on 

interfacial heat transfer. They found that beginning 

of nucleate bubbling (ONB) is deferred by high 

level of subcooling somewhat. Furthermore, the 

air pockets start to develop gradually and the 

nucleation procedure is postponed at high angle 

ratio. 

Krepper and Rzehak (2011)performed 

reproduction of DEBORA tests utilizingCFD 

forsub cooled stream bubbling. The computational 

model utilized by them consolidates the 

Euler/Euler two-stage stream depiction with 

heatmotion apportioning. They found that inside a 

specific scope of conditions various tests can be 

mimicked with a solitary arrangement of model 

parameters. They likewise found that the gas 

division profile changes from divider to center 

topping as subcooling is diminished and the 

measure ofproduced fume increments. 

Wei Yu and Huaqing Xie (2011) Nanofluids, the 

fluid suspensions of nanomaterials, have indicated 

many intriguing properties, and the particular 

highlights offer remarkable potential for some 

applications. This paper abridges the ongoing 

advancement on the investigation of nanofluids, 

for example, the preparation techniques, the 

assessment strategiesfor the strength of 

nanofluids, and the approaches to improve the 

security for nanofluids, the soundness components 

of nanofluids, and presents the expansive scope of 

present and future applications in different 

fields including vitality and mechanical and 

biomedical fields. Finally, the paper recognizes the 

open doors for future research. 

 

3-RESEARCH METHODOLOGY 

PREPARATIONOFNANOFLUID 

A large variety of combinations of nanostructures 

and heat transfer fluids can be used to synthesize 

stable nanofluids with improved thermal transport 

properties. Nanostructures made from metals, 

oxides, carbides and carbon nanotubes can be 

dispersed into HTFs such as water, ethylene glycol, 

hydrocarbons and fluorocarbons with or without 

the presence of stabilizing agents. In most 

experimental studies, nanofluids are synthesizedin 

a two-step process, whichis the first and the most 

classic synthesis method of nanofluids, as shown 

in Figure 4.1. In the first step, nanoparticles are 

prepared by mechanical comminuting, chemical 

reaction, vapor condensation or decomposition of 

organic complex. Then it is followed by the 

second step in which the as-produced 

nanoparticles are dispersed into base HTFs with 

mechanical agitation (stirring) or ultrasonication. 

Nanofluids are homogenized using or not using 

surfactants depending on the properties of 

interfaces between nanoparticles and base fluids. 

The main advantage of this two-step synthesis 

method is that it produces nanoparticles under 

clean conditions, without undesirable surface 

coatings and other contaminants. 

The major problem is that agglomeration of 

nanoparticles may occur. When finely divided 

solid nanostructures are immersed in liquids, they 

often do not form a stable dispersion. Many of the 
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particles aggregate together in forms of clumps. 

Though these particles can be easily re- dispersed 

in liquids by mechanical dispersion, they soon 

clump together again to form large aggregates that 

will settle out of the suspension quickly. Uniform 

dispersions can be significantly stabilized by steric 

barriers surrounding the nanoparticles to form a 

coating layer that is sterically bulky, for example, 

polymeric surfactant. When absorbed on the 

surfaces of solid particle, the surfactant molecules 

can produce a barrier to prevent aggregation of 

nanoparticles and impart solubility to particles in 

basefluids, so that the prepared nanofluids can 

sustain the stability without visible precipitation 

for months or even years. Oxide nanoparticles are 

firstly used for nanofluids, mainly because they are 

easy to produce, chemically stable and easy to be 

dispersed into water due to their surface 

hydrophilicity. 

Agglomeration is greatly reduced in a one-step 

method by combining together the synthesis 

process and the subsequentdispersingprocess into 

a single step. This one-step approach can be traced 

back to, and later it was improved by Eastman. 

This one- step method employs a direct 

evaporation condensation (DEC) technique, which

 is a modified inert

 gas-condensation    

IGC)processthathasbeenusedinANL.Theschematic

ofthismethodisshowninFigure 

Therearefourstepsintheprocessinthis one-

stepprocess Wagener 

 

 

Figure1:Two step method for nanofluids production 

 

A cylinder containing a heat transfer fluid such as 

water or ethylene glycol is rotated so that a 

thinfilmofthefluidis constantlybeingtransported 

overthetopof thechamber;Apieceof the metallic 

material as the source of nanoparticle is evaporated 

by heating on a crucible; Evaporated particles 

contact the fluid overhead and condense as 

nanoparticles. The fluid is 

cooledatthebaseofthechambertoprevent 

anyunwantedevaporationofthefluid.Highliquid 

vapor pressures ofbase fluids may lead to apparent 

aggregation of nanoparticles 

Nanosphere 
s 

Heattransferf 
luids, 

Nanorods 

Stirring/Sonicatio n 

 

ofthemixture 
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Figure2:Schematic diagram of nanofluid production system designed for dir ect evaporation of 

materials into low- vapor-pressure liquids 

Another method of nanofluid synthesis is the laser 

ablation method which has been used to 

producealumina 

nanofluids.Purechemicalsynthesisisalsoanoption 

which hasbeen usedby Patel to prepare gold and 

silver nanoparticle nano fluids. Zhu also usea one-

step pure chemical synthesis method to prepare 

nanofluids ofCu nanoparticles dispersed 

inethylene glycol. 

 

ADDITION OF SURFACTANT 

Agglomeration is greatly reduced by adding the 

surfactant. Surfactants used in nanofluids are also 

called dispersants. Dispersants can markedly 

affect the surface characteristics of a system in 

small quantity. Dispersants consists of a 

hydrophobic tail portion, usually a long-chain 

hydrocarbon, and a hydrophilic polar head group. 

Dispersants are employed to increase the contact 

of two materials, sometimes known as wet ability. 

With the addition of the surfactant C-TAB 

(Cetyltrimethylammonium bromide), the 

experimental nano fluid was observed to be stable 

without any settlements for more than three weeks. 

INSTRUMENTS/EQUIPMENTUSED 

In the experiment carried out, the 

importantdevices used are Purge Rotameters, 

Ultrasonic flow meter, Data logger, PT100 

sensors. Purge rotmeters provide an economical 

means of flow rate indication. 

Designed for applications where accuracy 

requirements are not severe, these instruments are 

ideal for such services as purging, seal oil systems, 

bearing lubrication, and cooling water flow 

indication. 

 

4-ULTRASONIC STUDIES OF NANOFLUIDS 

EVALUATION OF A COUSTIC AND 

THERMODYNAMIC PARAMETERS 

In the present investigation ultrasonic velocity (u), 

density (ρ) and viscosity (η) of various nanofluids 

of various concentrations in three distinctive base 

fluids which were 10% aqueous solutions of 

ethylene glycol, propylene glycol and hexylene 
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glycol at threeunique temperatures 306.15 K, 308.15 

K and 308.15 K and at a recurrence of 5 MHz were 

measured. Various acoustic and thermodynamic 

parameters, for example, Gibb's free change (∆G) 

and attenuation coefficient (α/f2) were evaluated 

by utilizing the measured values of ultrasonic 

velocity, density and viscosity. The nature of the 

molecular interactions in various nanofluids was 

dictated by making utilization of these acoustic 

and thermodynamic parameters. For convenience 

of presentation this chapter has been talked about 

under the accompanying sections 

Evaluationofultrasonicvelocity (u) 

Various methods have been accounted for in the 

literature for processing ultrasonic velocity. Study 

of literature shows that the data on acoustical 

properties are increasingly contemplated. Binary 

solutions as well as ternary solutionsin which water 

is one of the components have been investigated 

seriously because of their importance in many 

branches of science. The ultrasonic velocity 

dictated by interferometer method is considered as 

progressively reliable and exact. In this instrument, 

we can decide the wavelength (λ) of the ultrasonic 

wave in liquid and liquid blends. The expression 

used to decide the ultrasonic velocity is 

(Ms-1) 

Where,fistherecurrenceofthegeneratorwhichisutilize

dto  energizethecrystal. 

 

Evaluationofdensity(ρ) 

Density of solutions was measured utilizing 

vibrating tube density meter with precision of ± 

0.00005 gcm-3 prior to each with triply distilled 

water and with dry air at atmospheric weight. 

As,density of the medium depend on temperature, 

so the temperature inside the instrument was 

automatically controlled with in ± 0.01 K with the 

assistance of in-manufactured Peltier hardware 

Evaluationofviscosity(η) 

 

The viscosity of various nanofluids was controlled 

by utilizing an Ostwald's viscometer calibrated 

with triply distilled water. The electronic stop 

watchwas utilized to measure the time of stream. 

The absolute value of coefficient of viscosity of 

the nanofluids was calculated by utilizing the 

relation, 

 

 

Where, η1, η2 is the viscosity of water and 

experimental liquid: ρ1, ρ2 is the density of 

water and experimental liquid and t1, t2 is the time 

of stream of water and experimental liquid, 

separately. 

Evaluationofrelaxationtime(τ) 

Relaxationtime isthe timetakenfor the 

excitationenergytoappearas translationalenergy 

and it depends on temperature and on polluting 

influences. The dispersion oftheultrasonic velocity 

in liquid blend reveals information about the 

characteristic time of the relaxation procedurethat 

causes dispersion. The relaxation time (τ) can be 

calculated fromthe relation. 

EvaluationofGibb’sfreeenergychange(∆G) 

Gibb's free energy is calculated from acoustic 

relaxation time (τ) following Eyringrateprocess 

hypothesis. 

 

Evaluationofattenuationcoefficient (α/f2) 

Attenuation coefficient or narrow beam 

attenuation coefficient of the volume of a material 

characterizes how easily it very well may be 

penetrated by a beam of light, sound, particles, or 

other energy or matter. A large attenuation 

coefficient means that the beam is immediately 

(Kg m-1s-1) 
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ACOUSTIC AND THERMODYNAMIC 

PARAMETERS OF ZnO NANOFLUIDS 

The trends of variation of various acoustic and 

thermodynamic parameters for nanofluids of ZnO in 

three distinctive base fluids which were 10% 

aqueous solutions of hexylene glycol, propylene 

glycol and ethylene glycol with increase in 

concentration of ZnO at three unique temperatures 

306.15 K, 308.15 K and 316.15 K are accounted 

forin Tables 6.1 to6.6and 6.7 

to6.12andFigs6.1to6.6,6.7to6.12and6.13to6.18,ind

ividually. 

 

Table1:UltrasonicvelocityofvariousnanofluidsofZnOin10%aqueous hexylene glycol at different 

temperatures 

 

Conc.(wt.%) 

 

Ultrasonicvelocity (u ×10-3)(ms-1) 

306.15K 308.15K 316.15K 

0 1.56636 1.57364 1.58091 

0.02 1.56722 1.57455 1.58172 

0.04 1.56781 1.57511 1.58236 

0.06 1.56703 1.57434 1.58155 

0.08 1.56654 1.57385 1.58108 

0.10 1.56715 1.57443 1.58166 

 

Table2:DensityofvariousnanofluidsofZnO in10%aqueoushexylene glycol at different temperatures 

 

Conc.(wt.%) 

 

Density(ρ×10-3) (kgm-3) 

306.15K 308.15K 316.15K 

0 0.99504 0.99320 0.99116 

0.02 0.99515 0.99328 0.99122 

0.04 0.99535 0.99350 0.99144 

0.06 0.99564 0.99380 0.99174 
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CONCLUSION 

• From this investigation the following conclusions 

would be expected: Firstly, the stabilization of 

loop fluid is achieved with the introduction of 

nano particles. 

• The fluctuations in the velocity vs time curve 

would be decrease order and almost become linear 

with time. Also, the enhancement of flow rate in 

the loop may be record with the increase of 

temperature of heat source and also with the 

increase of volume fraction of Al2O3 in nano fluid. 

• Finally, with the increase in temperature at hot end 

heat exchanger, the efficiency of loop will be 

increase for both Distilled water as well as Nano 

fluid probably the rate of increase in efficiency is 

high with Nano fluid as loop fluid. 

• Expected regular pattern of drop in efficiency 

would be notice when temperature of HEHE 

changes from 70 to 900C. The optimal conditions 

for heat transfer through the loop would be at 850C 

and 0.75%of concentration Nano fluid, for 

whichthe efficiency may be 65-70 %. 

• The kinds of nanofluids, preparation draws near, 

fluid stability, and stability upgrade have been 

evaluated. The article likewise extends to the 

thermophysical propertiesofnanofluids, covering 

both the hypothetical and trial angles. 

• As indicated by writing, a few investigations have 

talked about the potential of upgrading heat 

transfer utilizing nanofluids and how the stability 

of a nanofluid influences its thermophysical 

properties. It was likewise called attention to that 

the stability ofa nanofluid gets influenced by a 

scope of components, for example, preparation 

procedure, pH esteem, nanoparticle fixation, 

particles type, particle shape, particle size, and 

fluid temperature. 

• As far as we could possibly know, in all the 

writing identified with utilizing nanofluids, no 

current business related to controlling the 

temperature of the fluid while manufacturing the 

nanofluid utilizing a ultrasonicator has been 

accounted for. 

• This preparation approach is significant as it can 

bring about a totally extraordinary pH esteems, 

settling conduct, particles agglomeration, and 

thermophysical properties 

• Furthermore, utilizing an ultrasonic gadget, for 

manufacturing nanofluids, will expand the 

temperature of the fluid step by step yet is 

emphatically influenced by the surrounding 

temperature where the example is readied, implying 

that different areas or distinctive 

climateconditionswillin allprobability bringabout 

deliveringan assorted nanofluid. 

• What's more, one can finish up from the writing 

that the significant disadvantage of utilizing such 

kind of fluids is the ascent in pressure misfortunes in 

funneling systems caused from the expansion in 

viscosity of nanofluids. 

• This expansion in viscosity prompts a higher shear 

worry between the fluid and the encompassing 

surface. 

• Additionally, the nanoparticles facilitated by the 

fluid are well on the way to store on the internal 

surface of the pipe when utilized in raised 

temperatureapplications, causing what is known as 

the fouling effect. 

• The stored layer or foul would act also as inward 

pipe covering with nanoparticles (i.e., 

nanocoating) since the foul is framed from 

nanoparticles that were facilitated by the 

transporter fluid itself. 

• It was accounted for, by various creators, that 

nanocoating has the benefitof diminishing the 

surface unpleasantness which firmly impacts the 

shear worry between the surface and the fluid. 

• In this way, looking at the wettability effect of 
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nanoparticles of comparable material sort to 

theinternalpipes can be exceptionally encouraging 

in experiencing the weight misfortunes issue, 

while keeping up the thermal execution of the 

framework. 

• Ultrasonic velocity of a liquid is identified with the 

coupling powers between the iotas or the 

molecules. The accurate estimation of thickness, 

viscosity, ultrasonic velocity and subsequently the 

determined parameters, free volume and related 

parameters will give noteworthy data with respect 

to the stateof affairs in an answer. 

• Information on acoustic properties is of incredible 

centrality in comprehension the physio- chemical 

conduct and atomic game plan in different liquid 

blends and arrangements 

• Ultrasonic investigation of liquids and liquid blends 

has increased a lot of significance during most recent 

two decades in getting to the idea of atomic 

communications and researching the physio-

chemical conduct of such systems. Speed of sound 

itself is exceptionally delicateto thestructureand 

collaborations presentin theliquid blends as itis in 

a general sense identified with the coupling 

powers between the constituents of the medium 

• The thermodynamic and acoustic properties of 

liquid blends have been utilized to comprehend the 

sub- atomic connections between the segments of 

a blend and furthermore for building applications. 

• Information on acoustic properties is of incredible 

centrality in comprehension the physio- chemical 

conduct and atomic game plan in different liquid 

blends and arrangements 

• Ultrasonic investigation of liquids and liquid blends 

has increased a lot of significance during most recent 

two decades in getting to the idea of atomic 

communications and researching the physio-

chemical conduct of such systems. Speed of sound 

itself is exceptionally delicateto thestructureand 

collaborations presentin theliquid blends as itis in 

a general sense identified with the coupling 

powers between the constituents of the medium 
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