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ABSTRACT

In industries such as power generation, chemiaadysstion, air conditioning, transportation, and ro&lectronics
the cconventional heat transfer fluids such as wvatmeral oil, and ethylene glycol are used togfar heat from one fluid
to another. The low thermal conductivity of convenal fluids increase the size of the heat trandfarice for the given
heat transfer. So there is a need to develop esedffigient heat transfer fluids that are requiredai plethora of heat
transfer applications. Modern materials technolpgyvided the opportunity to produce nanometer-sigadicles which
are quite different from the parent material in hucal, thermal, electrical, and optical propetti€he heat transfer
properties of these conventional fluids can beiigmtly enhanced by dispersing nanometer-sizdid garticles such as
Al,O3, Cu, CuO and F©®;. The suspended nano-sized metallic and metal gédgcles change the transport properties
and heat transfer characteristics of the base .flliltls the preparation of nanofluids using metad ametal oxide
nanoparticleswill play an important role in devetapthe next generation of cooling technology. The€D nanoparticles
are prepared by adopting sol-gel techniquein tesqrt work. The CuO nanoparticles are prepared ¢éapper nitrate by
passed it through different stages such as disaplyreparation of solution, formation of gel,rition and drying to get
the nano-sized CuO particles. The nanoparticlesiatered for 3 hours at a temperature of’20id the furnace to remove
the liquid traces completely from nanoparticles.eChO-water nanofluids are prepared at differentuwatric
concentration of CuO nanoparticle in the base fltim find the heat transfer rates of CuO -wateroflaid for different
Reynolds numbers and for different volume fractioh®ano-particles in the base fluidthe experimamésconducted in a
double pipe counter flow heat exchanger. The erpertal overall heat transfer coefficients calcuaaee compared with
the base fluid water. Also the theoretical ovetadht transfer coefficients of CuO-water nanofluié determined by

evaluating the physical and thermal propertiesasfafluid with the correlations available in thetature.
KEYWORDS: CuO-Water Nanofluid, Double Pipe Heat Exchangehafcement of Heat Transfer, Sol-Gel Method
INTRODUCTION

The last few decades of the twentieth century ls@em unprecedented growth in electronics, commtioigaand
computing technologies, and it is likely to conenunabated into the present century. The expohartavth of these
technologies and their devices through miniatuigzaind an enhanced rate of operation and storbdatahave brought
about serious problems in the thermal managemehiese devices. The increasing power of these égwiith decreasing
size also calls for innovative cooling technologgdérn materials technology provided the opportundyproduce
nanometer-sized particles which are quite diffefesn the parent material in mechanical, thermkgcteical, and optical

properties. The suspended nano-sized metallic aatdlraxide particles change the transport propegied heat transfer
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characteristics of the base fluid. Thus the prdparaf nanofluids using metal and metal oxide nEarticles will play an
important role in developing the next generationcobling technology. Pak and Cho [1] used theQdland TiQ
nano-sized particles under turbulent flow condiicand observed that the Nusselt number increastd imgreasing
Reynolds number and particle volume fractions.Leale [2] observed the enhancement of thermal cotnty of
nanofluids while using CuO and A&); nanoparticles with water and ethylene glycol coragdo base fluids. Roy et al. [3]
conducted a numerical study of heat transfer faOAlwater nanofluids in a radial cooling system. Thieynd that
addition of nanoparticles in the base fluids insezhthe heat transfer rates considerably. XuanLaf4] conducted the
experiments using 100nm copper particle under tarthiuflow conditions and found that the convectheat transfer
coefficient increased with an increasing Reynoldsber and particle volume fractions. Xuan and Reld&] concluded
that the heat transfer enhancement is due to isergathermal conductivity caused by random motibithe particles.
Choi et al. [6] found that the nanofluids with mktananoparticles have a higher thermal conduttithan nanofluids is
non-metallic nanoparticles. Xie et al. [7] measutieel thermal conductivity of aqueous,®% with varying particle sizes
and showed for the first time that the thermal catidity of nanofluids depends strongly on partisiee. Das et al. [8]
used temperature oscillation technique to find \thgation of thermal conductivity of nanofluids witemperature and
observed an increase in thermal conductivity withnperature. Xue [9] developed a numerical modehafofluid by
considering the particles to be ellipsoids intaractwith spherical fluid particles. The classicalafivell model was
introduced by Yu and Choi [10]. Wen and Ding [1bhducted experiments at the tube entrance regidardaminar flow
conditions and found the local heat transfer vamétth volume loading and the Reynolds number. Hwabhal. [12]
conducted experiments and studied convective haasfer characteristics of As/water nanofluid with particles varying
in the range of 0.01-0.3%. Yang et al. [13]conddexperiments in a horizontal tube heat exchangemltaninar flow

conditions and found the convective heat transfefficients of several nanoparticle-in-liquid disgiens.

Assael et al. [14] used the transient hot-wire méttio determine the thermal conductivity of naniofu
andobserved a significant increase in thermal cotidty of nanofluid with addition of nano-sized npiales. Koo
andPantzali et al. [15] studied the effect of uba manofluid (CuO-water, 4% v/v) in a miniatureat@ heat exchanger
(PHE) with modulated surface. They concluded tfmata given heat duty, the nanofluid volumetrioiloate required was
lower than that of water causing lower pressurgpdidoie et al. [16] conducted experiments with @-phase closed
thermo-syphon (TPCT) to study the heat transmisaging AbO; -water nanofluid. Experimental results showed fbat
different input powers, the efficiency of the TP@iTreases up to 14.7% when@} -water nanofluid was used instead of
pure water. Heris et al. [17] conducted experimevrits CuO/water and ADs/water nanofluids and found enhancement of
Nusselt numberwith increase in volume fraction &anolds number. Zhang et al. [18] used transibottshot-wire
technique to measure the thermal conductivity &edntal diffusivity of Au-toluene, ADs-water, TiGQ-water, CuO-water
and carbon nanotubes-water nanofluids. They obdemeeenhancement in the thermal conductivity ad aglthermal
diffusivity of nanofluids, above that of predict®rof the Hamilton-Crosser model [19]. In the preéseork chemical
sol-gel technique is used for preparation of Cu@oparticles. The nanoparticles prepared are mix#dbase fluid water
in different concentrations. The CuO-water nandflis used as a coolant in a typical horizontal d®ytipe heat
exchanger changer. The experiments are conductadktermine the enhancement in heat transfer witld-Gater
nanofluid. The experiments are conducted in the &eechanger for different concentrations of CuOagatticles in CuO-

water nanofluid and Reynolds numbers.
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CUO NANO-PARICLES PREPARATION

Sol-gel technique is adopted for preparation of Ga@oparticles. The raw material copper nitratdissolved in
water for about 20 minutes to get copper sulfatetimm. The CetylTrimethylAmmonium Bromide (CTAB3 dissolved in
water and stirs the contents thoroughly for ab&utiinutes. If CTAB is not dissolved add few dropsipdrogen chloride.
Then polyvinyl pyrolidene (PVP) is dissolved inpgopyl alcohol and stir the contents thoroughlydbout 15 minutes to
get a clear solution. Add drop-wise the solutionG¥AB to copper sulfate solution. To the mixture clotained add
drop-wise the solution of PVP. Stir moderately iwtihe addition of PVP to the mixture. Then sodiwydroxide is added
drop-wise to the mixture obtained while stirringe tbontents moderately. A homogeneous bluish predgiwill form.
Filter the precipitate using a whatman filter paped wash the precipitate with distilled waterestst 5 to 6 times. Dried
the precipitate obtained. Transfer the dried piitatipp on to a petri dish and dry the precipitatdn air oven at AT for 8
hours. Then sinter the dried precipitate at’Z0@mperature for 3hours in air ambient. Divide $sheered material into 2

parts one for the characterization (1g) and remgifor the testing for heat exchange experiments.

Figure 1: CuO Nanoparticles (a) Before Sintering (bAfter Sintering
PREPARATION OF CUO-WATER NANOFLUID

The CuO-water nanofluid is prepared accordingh® pirocedure given by Choi et.al [6]. They conctudeat
nanoparticles are very small in their size, sortheoparticles can be kept in dispersions for mocigér time compared
with the suspension of larger particles. Also thes®n and clogging reduces with nanoparticleshay tmay act like
macromolecules in solution. The heat transfer rateeases due to larger surface area of nanopemtidlo prepare
nanofluid mix required quantity of nanoparticletie base fluid water and take the mixer propostioto a small beaker.
Then 10% of Cetyltrimethyl ammonium bromide surdattis added to the mixer to stabilize the nandfl&ix the beaker
under the probe properly. To avoid breakage ofgthes beaker and to produce vibrations maintairesgap between the
probe and the glass beaker. The timer is set tec®d&ls on time and 5seconds off time. Set the atmiprobe to 15 times
per cycle and switch on the probe sonicator. Dueilbpation of probe the nanoparticles mixes witle thase fluid.
Then keep the beaker in an ice bath so that ita@mited or it transfers the heat produced in thekéedue to vibrations.
The above process can be repeated at least focyoies to disperse the nanoparticles completethénbase fluid water.

The experiments are to be conducted using CuO-watssfluid before the nanoparticles settle down.

EXPERIMENTAL SETUP

Description of Experimental Facility

The system comprises of a concentric tube heatagger. The heat transfer is through the wall ofitimer pipe.

So the material used for inner pipe is copper andhfe outer pipe is stainless steel. The experiahaetup also consists of
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heating unit to heat the water, and also comptiseperature measurement system. Temperature isuredaat different
locations using thermocouples. The hot water paisesigh the inner copper pipe and the nano fltiofluid flows

through the annular space between the inner ar piges. To maintain the required flow rate edotvioop is equipped
with a pump with a flow meter, a reservoir and pdss valve. All the instruments i.e. thermocoupled flow meters are
calibrated before installing to the experimentailfty. The nanofluid is stored in a separate tanth temperature control
set up to main the nanofluid at required tempeeaflio measure the temperature of hot fluid and #haids thermocouples
are installed in nanofluid storage tank and hotew&nk. Insulation is provided on the outer sgEpe to prevent heat
transfer to surroundings and ensure the heat traissbnly between the nanofluid and hot water. phetographic view of

the experimental setup is shown in Figure 2.

Figure 2: Photographic View of Experimental Setup

Experimental Procedure

The main switch is turned on and followed by toghbn the console and the heater. The cold wateoragtant
flow rate from the reservoir is pumped to the teathanger through the heater. The heater heatsates to the required
temperature. The hot fluid is maintained at destedperature using the thermostat. The nanofluidlieved to flow
through the annulus at the desired flow rate amdp&zature. The inlet and outlet temperatures oh tibé nanofluid
(cold fluid) and water (hot fluid) are noted dowfiea reaching steady state conditions. Similarlg flow rates of
nanofluid and hot water are noted down. The flotesaf nanofluid and hot water can be adjusted thi¢hhelp of a cold
fluid flow meter and hot water flow meter respeetiv The experiments can be conducted for diffefeow rates of

nanofluid with different volumetric compositions iwnoparticle and hot water using the same proeedur
Overall Heat Transfer Coefficient

In heat exchangers heat is transferred form ki flbo cold nanofluid by both conduction and cori@t So the
overall heat-transfer coefficient is to be detemmito evaluate the performance of heat exchangerfduling resistance is
neglected in the present work as the heat exchaisgeslatively new. The outer radius based ovehalat transfer

coefficient based for the concentric tube heat arglr, U, can be expressed as

Up  hg kD h; T @)

Where R is the annulus fluid heat transfer coefficientisnthe hot fluid heat transfer coefficient, k e tthermal
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conductivity of copper,qtis outer radius of inner copper pipe ang inner radius of copper pipe
Experimental Overall Heat Transfer Coefficient

Experiments are conducted at different Reynoldsbermof hot and cold fluid, and different concetitras of
nanoparticles in the base fluid water. The expemtadeoverall heat transfer coefficient {§) can be calculated by the
procedure given below. The logarithmic mean tenpeeadifference (LMTD) is the appropriate averagenperature

difference used to find heat transfer in a heaharger. The LMTD can be calculated by

LMTD = SH772 )

In ()

WhereAT, = Ty, — T,;andAT, = Ty, — T, ; Tcis the inlet temperature of cold fluid.J& the outlet temperature

of cold fluid, Tyis the inlet temperatureof hot fluid ang,Ts the outlet temperature of hot fluid
The heat transfer rate (Q) can be calculated by
Q= mh‘cph‘(Thl —Ty,) 3
Where mjis hot fluid mass flow rate and,&is hot fluid specific heat
The experimental overall heat transfer coeffici&ht g) can be found by
Q = UopA,(LMTD) @
Where A is the copper pipe outer surface area

Theoretical Overall Heat Transfer Coefficient

The experimental set up is calibrated by finding tieoretical and experimental heat transfer aoefit for water
flow through the setup at different temperatures thow rates. Also the theoretical overall heahsfar coefficient of heat
exchanger with nanofluid is calculated by findirtee tproperties of nanofluid using the correlationgilable in the

literature. The theoretical overall heat transfeeféicient (Lh 1) can becalculated by the proceduregiven below. The

physical properties of cold fluid are calculatedbalk mean temperature o#T@.

The cold fluid velocitycan be determined by

Q=AY 5)
Where Q= cold fluid flow rate, A= area of crosstsmat of annulus ;’E (D? — d?%) and V= velocity of cold fluid
The Reynolds number can be determined by

R, =120 ®)
Where Dinner diameter of steel pipe anglisl outer diameter of copper pipe

From the Dittus-Boelter equationthe Nusselt nundaer be calculated by

N, =0.023 x @¥x p" (n=0.4 for heating) (7)

The cold fluid heat transfer coefficierit,() is calculated by
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N, = ho(Di—do) (8)

kwater
The bulk mean temperature of hot fluid is given by

Tf - Thi;Tho (9)

The hot fluid Reynolds number can be calculated by

Re=— (10)
From the Dittus-Boelter equation, Nusselt numbenaiffluid is given by

N, =0.023 x @¥x p" (n=0.3 for cooling) (11)

The hot fluid heat transfer coefficient fluid ca@ @hetermined by

hjdj

N, = (12)
kwater
The theoretical overall heat transfer @ can be calculated by
1 1rg o To 1
=1l Tojpfe b 13
Uo,T hj rj kcu Iy + ho ( )

Calibration of Experimental Set Up

The accuracy of the data collected depends onbilktljaof the experimental set up. The reliabiliof the
concentric tube heat exchanger in the present vgodnsured by calibrating the experimental systgnusing water as
working fluid. Before the calibration of experimahfacility the instruments used to measure thepeyature and flow rate
are calibrated. Then hot and cold water allow tavfthrough the pipe and annulus respectively. Tleeniocouple and
flow meter readings are noted for different maesvftates of hot and cold fluids. The experimental theoretical overall
heat transfer coefficients are calculated by tleeg@dure given above. Figure 3 shows the variatfaverall heat transfer
coefficient with Reynolds number. From the FiguretZan be found that the good agreement betweerexperimental
and theoretical overall heat transfer coefficigistswater. This indicates that the precision of theerimental setup is

good.

80

240 F * |} [Experimentsal)
— U {Theoretical)

overall heat transfer coefficient L (wfm2 k)

2000 2500 2000 3500 4000 4500 5000
Reynolds number

Figure 3: Experimental Setup Calibration
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RESULTS AND DISCUSSIONS

Sol gel process is adopted for preparation of Cafibrparticles. CuO is extracted from copper nitreiere CuO
is used as precursor and copper nitrate is thematerial..In order to dissolve the raw materiapigpyl alcohol is used as
a solvent. Polyvinylpyrolideneis employed to cortnie metal centers with M-O-M bridges, so thatpalymers are
generated in solution. Thus the formation of alil biphasic system containing both a liquid phasd a solid phase
takes place. Surfactantcetyltrimethyl ammonium hdems used to decrease the surface tension o$dhsion. It also
maintains the stability of nanoparticles. Three eligional network structure gels are formed duehéoaging of sols.
The catalyst used is ammonium hydroxide. It hefpgrecipitation of hanoparticles. Nanoparticles @tained by passing
the precipitate through drying and sintering preess A probe sonicator is used for preparation ®-@ater nanofluid
with different volumetric concentrations rangingrr 0.1 to 0.5% by volume of nanoparticles. Surfatcia added to
nanofluid to ensure the stability of nanopartici€een the experiments are conducted for differeassmflow rates of

nanofluids and different volume fractions of narmigiesbefore the nanoparticles are settled dowthémanofluid.

The experiments are conducted for different mass flates and volumetric concentrations of nanoglagiin
nanofluids in a concentric tube heat exchanger.ifile¢ and outlet temperatures of cold nanofluid &ot water and mass
flow rates of hot and cold fluids are recorded tloe given mass flow rate and volumetric fractionnahoparticles in
nanofluid. The procedure laid down in the experitaksetup section was used for calculation of expental overall heat
transfer coefficient. The variation of Reynolds menor mass flow rate of nano fluid flowing throutite annulus on
experimental overall heat transfer coefficient diifferent volumetric concentrations of nanoparticie water is depicted
in the figure 4. The effect of Reynolds number afgowater on experimental heat transfer coefficfentdifferent mass
flow rates is also shown in the figure 4. It was@tved from the Figure 4 that the overall heatdsfiencoefficient is
enhanced by 22% with volume fraction of 0.5 peradn€uO nanoparticles in CuO-water nanofluid coregawith pure
water at a Reynolds number of 5000. This is dut¢oease in thermal conductivity of CuO-water nduidf with the
addition of CuO nanoparticles. Also the random ptf CuO nanoparticles suspended in water andadnility of larger
surface area with nano sized particles increasas thensfer to the cold fluid from the hot fluid.itW the increase in
volume fraction of nanoparticles in the base flwiater the experimental heat transfer coefficien€a-water nanofluid
increases due more number of CuO particles présé¢ne base fluid with increase in volume fractidhe same trend can
be observed in the figure 4. Also it can be obsirivem Figure 4 that the experimental heat transtafficient of the

CuO-water nanofluid increases with the increadéoim rate of nanofluid.
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Figure 4: Effect of Reynolds Number on ExperimentaDverall Heat Transfer Coefficient
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The physical and thermal properties density, visg@nd specific heat of the CuO-water nanofluid ealculated
using the correlations available in literature. Thermal conductivity of nanofluid is calculated bging the procedure
given by Hamilton and Crosser [19]. They found thia¢ thermal conductivity of nanofluid depends dwrinal
conductivity of both base fluid and nanoparticlestenial, volume fraction of nanoparticles, surfacea of nanoparticles
and shape of nanoparticles in the liquid. The prtigeeof nanofluid are calculated at bulk mean terapure of CuO-water
nanofluid to determine the theoretical overall Heansfer coefficient. The hot water properties@leulated at bulk mean
temperature of hot fluid. The procedure laid downhe experimental setup section was used for ledilon of theoretical
overall heat transfer coefficient. As expected th@cal overall heat transfer coefficientincreaseth increase in mass
flow rate of the nano-fluid and volume fraction GO particles in the CuO-water nanofluid. The dffet Reynolds
number of CuO-water nanofluid flowing through thenalus on theoretical overall heat transfer coifit for different
CuO nanoparticle concentrations in base fluid @wshin figure 5. The effect of Reynolds numberoadtetical overall

heat transfer coefficient for pure water is alsovei in figure 5.
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¥ 0.2% CuD nanofluid -
& 0.5% CuD nanofluid

Regression ling

n
=}
=]
T
-

& O
*,

250 -

LR

200 |

280

2000 2500 2000 2500 4000 4500 5000 500

Theoritical ovemll heat transter co-efficient U, -y (w'm® k)
v
o
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Figure 5: Effect of Reynolds of CuO —Water Nanofluil on
Theoretical Overall Heat Transfer Cefficient

CONCLUSIONS

Sol gel technique is used for preparation of Cu@onparticles. The raw material copper nitrate ssdlived in
water, Cetyltrimethyl ammonium bromide and polyVipyrolidene for preparation of solution. A gelttseen formed by
filtration. The gel is dried in hot air oven at’@for 8 hoursto get the nano sized particles. Tareoparticles are sintered
for 3 hours at a temperature of 20t the furnaceto remove the liquid traces compjetem nanoparticles. The method
given by choi et al.[6] is adopted for preparatioh CuO-water nanofluid at different volume fractoorof CuO
nanoparticles. Experiments are carried out in aentric tube heat exchanger. The heat exchangealilzrated before
conducting the experiments. The CuO-water nanoflkijghssed through annulus and hot water is semigh copper tube
and temperature and flow rate readings are noteshd®he experimental overall heat transfer coedfits of CuO-water
nanofluid are compared with pure water. It is fodhdt the overall heat transfer coefficient for Gw@ter nanofluid is
increased by 22% with CuO nanoparticles volumetifsac0.5% in nanofluid compared with pure watereTihcrease in
heat transfer is due to increase in thermal comdtycbf CuO-water nanofluid with the addition ofuO nanopatrticles.
Also the random motion of CuO nanoparticles suspédrid water and availability of larger surface angth nano sized
particles increases heat transfer to the cold fiwth the hot fluid. With the increase in volumadtion of nanoparticles in

the base fluid water the experimental heat trarsfefficient of CuO-water nanofluid increases dumemumber of CuO
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particles present in the base fluid with increasealume fraction.
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