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Abstract:This project focuses on studying
exchangerusingCuO–waternanofluidastheworkingfluid.ThemainaimistoAnalyzesthe 
transfer performance of CuO Nanofluidunderstand heat transfer enhancement. Nanofluids, 
are considered due to their Enhanced thermophysical propertiesWhich can influence the heat 
transfer mechanism. Experiments analysis are carried out to observe the 
systemsoperatingconditionInparallelCFDmodelingperformtosimulatethefluidflowand thermal 
distribution in the heat exchanger the combined approach provide a detailed framework to 
examine the heat transfer performance. 

 
1. Introduction 

Aheatexchangerisadeviceusedtotransferh
eatbetweentwofluidswithoutmixing 
them. The shell and tube type is one of 
the most common heat exchangers used 
in industries. In recentyears,nanofluids—
fluidscontainingnanoparticles—
havebeenintroducedtoenhance heat 
transfer performance. Copper oxide 
(CuO) nanoparticles mixed with water 
form a stable nanofluid with better 
thermal properties. 

This project aims to experimentally and 
numerically (using CFD) analyze how 
CuO–water nanofluid performs inside a 
shell and tube heat exchanger. The 
results are compared with those obtained 
using normal water to evaluate 
improvements in heat transfer rate and 
efficiency 
 
The primaryobjectives ofthis paperare as 
follows: 
• To conduct experimental testing 
ofshelland tube heat exchangerusing 

Engineering Technology and Sciences – IJETS                                                                                                   
3976 Volume XIII - Issue VIII, August  - 2026 

21 

Investigation of CuO – Water Nano fluid in 
Shell and Tube Heat Exchanger also CFD Approach 

,Abdul Raheem1,IsmailBasha1,andMohammedAsmar1 
MechanicalEngineering, 

MuhammedSaleghCollegeofEngineering,Avadi, Chennai – 600055 

studying the thermal performance of a shell and tube heat 
waternanofluidastheworkingfluid.ThemainaimistoAnalyzesthe heat 

transfer performance of CuO Nanofluidunderstand heat transfer enhancement. Nanofluids, 
are considered due to their Enhanced thermophysical propertiesWhich can influence the heat 
transfer mechanism. Experiments analysis are carried out to observe the 
ystemsoperatingconditionInparallelCFDmodelingperformtosimulatethefluidflowand thermal 

distribution in the heat exchanger the combined approach provide a detailed framework to 

CuoWaterNanofluid 

• [distilled]nanofluid compared to 
conventional fluid [water]. 

• ToperformCFDanalysisusingansysflue
ntsoftwaretostudytemperature,velocity 
pressure profile and flow behavior of 
heat exchanger 

• TocompareexperimentalresultswithCF
Dresultsandevaluateheattransfer 
improvement. 

2. Literature Review 

 
According M. A. Al-Rashed(2025),Title: 
Experimental Investigation of 
HeatTransfer Enhancement Using CuO 
and Hybrid Nanofluids in Shell-and-Tube 
Heat Exchanger 

 

 Main Finding: CuO-water nanofluid 
significantly improved overall heat 
transfer coefficient compared to water. 
 
Accordingtokunalkoushaldew,PankajShriv
astava(2018)Title:CFDAnalysisofdouble 
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tube heat exchanger using different 
nanofluid . 

 
• Main Finding: This analysis show 
nanofluid properties calculation also 
observed 
theheattransferishigherincaseofCuOnano
fluidascomparedtoothernanofluid 
 
AccordingtoRajputniteshsingh,pandeyrajat
,Ishanlav,pankajk.pandey(2016).Title: 
Experimental studies of nanofluid 
TiO2/CuO in a heat exchanger (double 
pipe) 

 
• Main Finding: Nanofluid physical 
properties and experimental results show 
the application TiO2/CuO based 
nanofluid enhance coefficient of heat 
transfer with concentration and flow 
increase by 5% 
 
Accordingto Élcio NogueiraTitle 
Efficiency and Effectiveness 
ConceptsApplied in Shell and Tube Heat 
Exchanger Using Ethylene Glycol-Water 
Based Fluid in the Shell with 
Nanoparticles of Copper Oxide (CuO) 

 
• Main Finding To Understand the 
Analytical Method (e-NTU) For 
Calculation of System Performance 

AccordingtoLazarusGodsonAsirvatham
,NandiganaVishal,SenthilKumarGangat
haran 
andDhasanMohanlalTitle:Experimental
StudyonForcedConvectiveHeatTransfer
with Low Volume Fraction of 
CuO/Water Nanofluid 

 
• MainFinding:The CuO-
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WaterNanofluidIncrease 
8%heattransferenhancement even at very 
low concentration 
 
3. Methodology 
3.1. Preparation of CuO – Water Nano 
fluid 
Preparation of nanofluid by usingTwo 
Step Method: nanoparticles are already 
prepared in the powder form (CuO 
nanoparticles), then mixed with base 
fluid (distilled water), this is simple and 
suitable for lab experiments. 
 
• BaseFluid:Distilledwaterisusedasthe 
base fluid 

• Nanoparticles:Copperoxide(CuO)aretake
n by 1%ofweightconcentration 
 
3.2. MixingProcess: 

 
Measured amount of CuO nanoparticles 
(1%wt) are added slowly into distilled 
water. The 
mixingiscarriedoutusingmagneticstirrerw
ithhotplateintherangeof30–
45minutesalso add sodium 
dedecylesulfate(SDS) surfactant to 
enhance stability 

Observation: The prepared nanofluid 
should appear uniform without visible 
particles settling down 
 
3.3. ExperimentalSetup: 

 
Equipment Used: Shell and tube heat 
exchanger with hot and cold fluid lines, 
flow meters, thermometers, and control 
valves. 

WorkingFluids: 
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• ColdWateriscirculatedthroughtheshellsid
e. 

• TheHotFluidCuO–waternanofluidis 
circulatedthroughthetube side 

• Recordinletand outlettemperaturesofboth 
fluids. 

• Calculateheattransferrateandoverallhea
ttransfercoefficientbyusingLMTDand 
NTU Method 

 
3.4. CFDSimulation(UsingANSYSFluent
) 

 
1. Modeling: 

 
A3Dmodeloftheshellandtubeheatexchange
riscreatedIn(AnsysDesignmodeler) Design 
parts : 

 ShellFluidDomain 

 
 TubeWall 

 
 TubeFluidDomain 

 
2. Meshing: 

 
• ToGeneratethefinemeshneartubewalland
tubefluidcontractregions 
 
MeshingTools: 

 
 EdgeSizing:Tubefluidinletand outlet. 

 FaceSizing:NearTubewallandtubefluid
contract regions. 

 Inflationlayers:Tocapturethebounda
rylayerintubewallandtubefluid regions. 
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3. Material Properties: 
 
 AnsysFluenthavethematerialpropertiesof
standardfluids(likewater,oiletc.) 

NanofluidProperties: 

 

 Thermophysicalpropertiesofthenanoflu
idwerecalculatedusingstandardcorrelatio
n. 

 Theviscosityofnanofluidcalculatedusing
brinkmanmodel 
 

 Densitywascalculated using-
choicorrelation 
 

 Heatcapacity equation-xuan andRoetzel 
 

 Effectivethermalconductivity-
Maxwellthermalconductivitymodel 
 
4.  BoundaryConditions: 

 
• Setinlettemperatures,flowrates,andmate
rialpropertiesforwaterandCuO–water 
nanofluid. 

.Note:ShellSide:Water,TubeSide:Nanoflu
id 

 
 InletParameters:ColdFluidInletandH
otFluidInlet 

 OutletParameters:ColdFluidOutletan
dHotFluid Outlet 

 WallCondition:TubeWalls 
 
5. Postprocessing; 

 
Obtain temperature distribution, velocity 
profile, heat transfer coefficient and 
Overall heat transfer rate 
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3.6.TheoreticalCorrelation: 

 
Nusselt number was calculated using the 
observations obtainedfrom the 
experimental data at different conditions. 
Assumption of steady state was 
considered for this study and, coefficient 
of heat transfer and Nusselt Number was 
determined by following equations 
respectively. 

 𝑄=𝑚𝐶𝑝Δ𝑇=𝑚𝐶𝑝(𝑇𝑖𝑛−𝑇𝑜𝑢𝑡) 

 

 ℎ =Q/𝐴×∆𝑇𝐿𝑀𝑇𝐷 𝒉𝒅 

 𝑁𝑢=k 

 
Where, 

 
• Q=Heattransferrate (w) 

• m= massflowrate (kg/s) 

• Cp=Specific heatcapacity(J/kg.k) 

• ∆𝑻=Temperaturedifference 

• 𝑻𝒊𝒏=Inlet temperature 

• 𝑻𝒐𝒖𝒕=Outlet temperature 

• 𝒉=Heattransfercoefficient(W/m2k) 

• 𝑨=heattransferarea(m2) 

• ∆𝑻𝑳𝑴𝑻𝑫=Logmeantemperature difference 

• 𝑵𝒖=Nusseltnumberequation 

• 𝒅=Tubediameter(m) 

• K= Thermalconductivity (W/mk) 
 
3.7.Project Work Flow 
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Thedurationof thedevelopmentof 
thisstudywillbeover12 
weeksandweeklyobjectives are as follows 

Week1–
2:Duringthisperiod,wewillbeconductingre
searchstudyofnanofluid preparation and 
physical properties. 

Week3–5:Budgetplanningandpurchase 

 
During this week estimated the budget 
required for the preparation of nanofluid. 
Based on budget plan necessary material 
such as CuO-nanoparticles, sodium 
dodecyl sulfate(SDS), flow pipes, 
connecting valves and other laboratory 
requirements will be purchased for 
experiment setup. 

Week6–7:NanofluidPreparation: 

 
Duringthisweek,theCuO-
WaternanofluidwillbepreparedusingTwost
epmethod. 

 
The required amount ofCuO-nano 
particles(1%wt) is mixed with distillrd 
water to stirrer 
themixtureusingmagneticstirrerwithhotpl
atetoenhancethestabilityofnanofluidweus
e 
toaddsodiumdodecylsulfate(SDS)surfact
ant.Alsowetakeconventionalandnanoflui
dw reading will be carried out this stage 

Week8-10:CFDAnalysis 

 
Wedesigntheshellandtubeheatexchangerb
yusingPTCCreosoftwareandthismodel is 
import toAnsys fluent model. 
DuringAnsys design modular we modify 
the geometry like (Add share topology 
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tool, fill tool, and Boolean operation). 
Fine and sweep mesh will be created on 
model with inflation layers.And assign 
the material, boundary condition of the 
model.to accurately calculated the 
conjugate heat transfer rate, temperature, 
velocity and pressure profile regions. 
And given results will be compared to 
experimental results. 
 
Week11–12.Resultanalysisandreporting 

 
During this week the experimental and 
CFD results will be analyzed and 
compared. The performanceoftheCuO-
waternanofluidinshellandtubeheatexchan
gerwillbeevaluated, and the the final 
report will be prepared. 

 
4. Applications 

• Appliedinpowerplantforefficientcoolin
gsystem •Usedinautomobileradiators for 
better engine cooling . 

• Appliedelectronicsdevicecoolingsystem 

5. Usedsolarthermalsystemtoenhance 
heatdissipation.Conclusion 

This project studies the thermal 
performance of CuO-Water nanofluid in 
a shell and tube heat exchanger using 
experimental and CFD analysis 

Thisstudyalsohelptounderstandthe 
flowbehaviorinside theheatexchanger 

 
Overall,thisprojectshowthenanofluidcan
bepromisingsolutionforimprovingtheove
rall heat transfer coefficient, temperature 
distribution of fluids and increases the 
efficiency of the system. 
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6. FutureScope 

 
• Useofhybridnanofluids (CuO+Al₂O₃) 

• Applicationinindustrialheat exchangers 

• OptimizationusingAIoradvanced CFD 

• Studyathigherconcentrations and 
temperatures 
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