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Abstract— in this work shows the procedure for preparing 

Nanofluids which is a suspension consisting of Copper oxide 

(CuO) and Ethylene Glycol added to Distill water with 

different ratios as a base fluid. There are eight samples are 

prepared to conduct the experiments (80:20, 70:30, 60:40, 

50:50, 40:60, 30:70, 25:75, 15:85) and measured the Thermo 

physical properties of the Nanofluids such as viscosity, 

Density, thermal conductivity and PH Value of the 

nanofluids. Further, we illustrate the SEM images for 

nanoparticle dispersion the experiment was conducted on the 

situation of nanofluids flow through the heat exchanger and 

determined the effectiveness of the heat exchanger. The 

practical design of heat exchanging system designed in 

ANSYS and determined the various values of the heat 

exchanger performance. We made the comparison between 

the experimental value and determined value from the Ansys. 

Finally concluded as which samples were conducted a more 

heat transfer and it is suitable for heat transfer application. 

Key words: Copper Oxide (CuO), Thermal Conductivity, 

Viscosity, Density and pH Value 

I. INTRODUCTION 

Nanofluids is defined as the nano particles dispersed in the 

base fluid. It is a two phase mixture of nanofluids. The nano 

particles having the nanometer sized particles, it is used to 

disperse in the base fluid. The nano particles used in the 

nanofluids are many types available in the forms of oxides, 

metal, carbon nanotubes, carbides. The base fluid used in 

this nanofluid selected based on the properties such as oil, 

water, distilled water organic liquids, glycols. The 

nanofluids properties likely needed for heating as well as 

cooling applications in industrial processes. Then nanofluid 

scan be used at engine cooling vehicle thermal management 

and domestic refrigerator can be used. They were eight 

different samples are prepared to conduct the experiments. It 

has apply to heat exchanger and it is performance analysis 

effectives of heat exchanger can be determine and finally 

this result can be analyzed at ANSYS software using CFD 

for heat transfer can be conducted 

II. PROBLEM IDENTIFICATION 

The industrial process cooling of automobile engines and 

welding equipment got the higher heat during the 

continuous working they are fascination heat transfer 

problem where conventional fluids used. The advanced 

concepts of nanofluids offer the wide range heat transfer 

characteristics compared to the conventional heat transfer 

fluids. The nanofluids used in the industries such as heat 

exchanging components, Radiator, Chemical processing 

application, Bio and Pharmaceutical field, medical field. 

The Nano particles mixed nanofluids has increase the 

thermal conductivity are very important in characteristics of 

the fluids. The nanofluids have not only better thermal 

conductivity but also large convectional heat transfer 

capacity than that of base fluids. So we are conducting the 

experiment flow through the counter flow heat exchange 

and compare the results. 

III. ABBREVIATIONS AND ACRONYMS 

 

IV. LITERATURE SURVEY 

M. Muraleedharan et al (2016) discussed the thermal 

properties of Al2O3–Therminol-55 Nano heat transfer fluid. 

They are used line focusing Fresnel lens based solar thermal 

concentrator. They were taken volumetric proportion Al2O3 

(0.025-0.3 vol %). He was measured the thermal 

conductivity and refractive index were measured. Thermal 

conductivity enhanced by 11.7% for 0.1 vol % of 

Al2O3.Ahighesttemperatureof132.80C was delivered by the 

solar collector. The solar collector efficiency increased with 

the proportions of Nps attaining a maximum of 52.2% for 

0.1 vol %Al2O3. 

K.palaniradja et al (2014) discussed the analysis of 

refrigeration system using nano fluids of copper oxide nano 

particles and base fluid of water to applying the heat 

exchanger to analysis the performance. Heat transfer 

coefficients were evaluated using FLUENT for heat flux 

range from 10 to 40 kw/m2. They were taken CuO 

concentration ranged from 0.05 to 1% of particle size from 

10 to 70nm. Then it results indicate the evaporator heat 

transfer coefficient increases with the usage of nanoCuO. 

Alpesh Mehta et al (2012) discussed research work 

on heat exchanger using Nano fluid. We are using compact 

heat exchanger as heat transferring device whileAl2O3as a 

Nano fluid. The effect of Nano fluid on compact heat 

exchanger is analyzed by e-NTU rating numerical method. 

This method used Turbo-charged diesel engine of type TBD 

232V-12 cross flow heat exchanger Radiator with unmixed 

fluids consisting of 644 tubes made of brass and 346 

Continues fins made of copper. Comparative study of 

Al2O3+water Nano fluids as coolant is carried out. 

Nimit m patel et al (2012) discussed in heat 

exchanger using nano fluid. This paper shows the research 

work on heat exchanger using nano fluid. In this paper they 

are using compact heat exchanger to transfer heat. He was 

explained the nanofluids heat transfer on compact heat 
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exchanger is analyzed by using 6 –ntu rating numerical 

method on turbo-charged diesel engine of type tbd 232v-12 

cross flow compact heat Exchanger radiator with unmixed 

fluids consisting of 644 tubes made of brass and 346 

continuous fins made of copper. Comparative study of 

al2o3+ water nano fluids as coolant is carried out. 

B.KrisanuBandyopadhyay et al (2016) discussed 

the thermal properties of Al2o3-Ethylene glycol–water 

mixture Nano heat transfer fluid. Correlation between Nano- 

fluid characteristics and thermal properties was discussed. A 

multi- parameter investigation of Al2O3 Nano-particles 

dispersed in distilled water, Ethylene glycol and Ethylene 

glycol - distilled water mixture (50/50vol%) Ultrasonic 

processing with particle concentration up to 9 wt%. The 

thermal conductivity and viscosity of the Nano-fluid 

samples were measured. 10.9% Enhancement in thermal 

conductivity was observed in Ethylene glycol–distilled 

water mixture based Nano-fluid with 5 wt. % Al2O3 Nano-

particle loading. 

Dinesh k tantia et al (2012)discussed in heat 

exchanger using nano fluid this paper shows the research 

work on heat exchanger using nano fluid. In this paper we 

are using compact heat exchanger as heat transferring device 

while al2o3 as a nano fluid. The effect of the nano fluids on 

compact heat exchanger is analysed by using 6 –ntu rating 

numerical method on turbo-charged diesel engine of type 

232v-12 cross flow compact heat exchanger radiator with 

unmixed fluids consisting of 644 tubes made of brass and 

346 continuous fins made of copper. Comparative study of 

Al2o3+water nano fluids as coolant is carried out. 

V. METHODOLOGY 

In this work first we are preparing the nanofliuds for that 

measuring the weight of the nano particles. Next mixing the 

nano particles with the base fluid. The mixing was carried 

out by the probe Sonicator. After that we are measuring the 

nanofluids characteristics. The flow chart of the working 

methodology is given below. Selection of Base Fluid of the 

following criteria was used to select the base fluid 

 It should have higher specific heat and thermal 

conductivity 

 It should not poisonous and hazardous 

 It should be non-corrosive and non-reactive with 

components of the engine 

 It should be cheap and easily available 

 Storage and handling should be easily 

We are selected Monoethylene glycol: (C2H6O2) 

as a base fluid for preparing the nanofluids. Monoethylene 

glycol based water solutions are common in heat-transfer 

applications where the temperature in the heat transfer fluid. 

Ethylene glycol is also commonly used in heating 

applications tha temporarily may not be operated (cold) in 

surroundings with freezing conditions such as cars and 

machines with water cooled engines. 

 
Fig. 1: Chemical Structure of Monoethylene glycol: 

(C2H6O2) 

 
Fig. 2: Methodology  

S. No Properties Values 

1 Boiling point 197.3 °C 

2 Density 1097 Kg/m3 

3 Thermal conductivity 0.302 W/m-K 

4 Viscosity 1611.019 cP 

5 Specific heat capacity 3.726 KJ/kg.K 

Table 1: Monoethylene glycol Fluid Properties 

Monoethylene glycol is a chemical commonly used 

in many commercial and industrial applications including 

antifreeze and coolant. Ethylene glycol helps keep your 

car’s engine from freezing in the winter and acts as a coolant 

to reduce overheating in the summer. Many of these 

products are energy saving and cost efficient as well as 

recyclable. We are selected another one base fluid is 

Distilled Water (H2O). This fluid has the following 

charatertics. Distilled water is water that has had many of its 

Impurities removed through distillation. Distillation 

involves boiling the water and then condensing the steam 

into a clean container to store. This gets rid of all impurities, 

minerals and other substances, producing relatively pure 

water. The practice of distilling water has been around for 

thousands of years. It was originally used to remove salt 

from sea water for drinking purposes. 

S. No Properties Values 

1 Boiling point 99.98 °C 

2 Density 992.2 Kg/m3 

3 Thermal conductivity 0.6065 W/m-K 

4 Viscosity 0.890 cP 

5 Specific heat capacity 4.187 kJ/kgK 

Table 2: Distilled Water Properties 

 
Fig. 3: Cuo Nano Particles 

The nano particles purchased from (Nice 

Chemicals Private Ltd) and used in this work. The 

photographic view of the nanoparticles as seen by the naked 

eyes is shown in the plate as shown in Fig 2. The circulation 
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of CuO nanoparticles at nano level can be observed under a 

Scanning electron microscope (SEM). The SEM images of 

CuO nanoparticles at 2nanometer magnifications are shown 

in Plate3.a and SEM image of CuO nanoparticles on a 500 

nm scale is shown in Plate3.b. The SEM images of CuO 

nanoparticles at 2nm magnifications are shown in Plate 3.c. 

Preparation of Nanofluids is an important stage and 

nanofluids are prepared in a systematic and careful manner. 

A steady nanofluids with unvarying particle dispersion is 

necessary and the same is used for measure the 

Thermophysical properties of nanofluids. 

  

 
Fig. 4: SEM Plate a,b,c 

VI. ASSESSMENT OF NANOPARTICLE VOLUME ABSORPTION 

The quantity of CuO nanoparticles necessary for research of 

Nanofluids is intended by the rule of mixture formula. A 

sensitive balance with a 0.1mg resolution is used to weigh 

the CuO nanoparticles very accurately. The weight of the 

nanoparticles required for preparation of 100 ml CuO 

nanofluid of a particular volume concentration, using water-

ethylene glycol base fluid is calculated by using the 

following relation. 

S. 

No 

Volume  

Concentration, in (%) 

Weight of nanoparticles, 

(WCuO) in Grams 

1 0.05 0.0328 

2 0.1 0.0660 

3 0.3 0.1993 

4 0.5 0.3302 

5 0.7 0.4796 

6 0.9 0.6278 

7 1.1 0.7529 

8 1.3 0.9186 

Table 3: Volume concentrations of CuO nanoparticles with 

corresponding weight. 

The nanoparticles be mixed in the ethylene glycol 

+ Distilled water base fluids and systematically mixed. This 

type of preparation contains nanoparticles sedimentation 

problem also the particle sedimentation depend on the 

nanoparticles size, Method of mixing in the base fluids. 

 

 
Fig. 5: Specimen of Nano Fluids Preparation and Magnetic 

Stirring 

The nano fluids prepared by using magnetic stirrer 

apparatus of revolving magnetic field. It consists of rotating 

small bar magnet attached under the top plate which contain 

the Nano fluids beaker. In general, the bar magnet is coated 

with plastic and plate contains rotating magnet. It is possible 

to create a rotating magnetic field with the help of a rotating 

magnet. DC motor gives the higher torque with low speeds. 

This equipment is used to mix the nanoparticles with the 

base fluids the rotating field may be created either by 

arotating magnet or a set of stationary electromagnets, 

placed beneath the vessel with the liquid. 

 
Fig. 6: Probe Sonicator apparatus for Sonication process of 

CuO Nanofluids 

The ultrasonic processor UP400S (400 watts, 

24khz) is our most powerful laboratory device. With 

sonotrodes of a diameter range from 3 to 40mm the device is 

suited for the sonication of sample volumes from 5 to 

4000ml. In flow approximately 10 to 50 liters per hour can 

be sonicated. For the preparation of samples, the UP400S is 

mainly used for bigger volumes. For production quantities a 

PC-control or a remote interface to a central control of the 

user’s facility is recommended in order to raise the process 

safety and reproducibility. The PC-control improves the 

reproducibility when following specific sonication 
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protocols. With special flow cells and flange connections 

liquids can also be sonicated at elevated temperatures and 

pressures. Normally agglomeration of nanoparticles takes 

place when nanoparticles are suspended in the base fluid. 

All the test samples of CuONanofluids used subsequently 

for estimation of their properties were subjected to magnetic 

stirring process followed by Probe sonicator in ultrasonic 

vibration for about 2 hours. The photographic view of 

CuOnanofluid sonication process using a probe sonicator is 

shown in the Plate. 

VII. MEASUREMENT OF THERMOPHYSICAL PROPERTIES 

A. Measuring of Ph in Base Fluids and Nanofluid 

The pH vale is defined as percentage of hydrogen contain in 

that liquid and it is specified the acidity or basicity of a 

liquid. It is approximately the negative of the base 10 

logarithm of the molar concentration, measured in units of 

moles per liter, of hydrogen ions. It’s accurately the negative 

of logarithm to base 10 of the acidity of hydrogen ion. The 

liquid which is having pH value less than 7 are called Acidic 

Solutions and greater than 7 it is base solutions, at pH 7 

become neutral. Here we are measuring the pH value of all 

specimens and tabulated. 

 
Fig. 7: Measuring of Ph Value in Nanofluid 

B. Density of Cuo Nanofluids 

The base fluid consists of Water-Ethylene glycol blend. The 

density of CuOnanofluids for all the volume concentrations 

under investigation are measured by using Hygrometer and 

the density data obtained is compared with the values 

obtained using the density correlation equation developed by 

Pak and Cho [1998] for nanofluids, which is stated as 

follows 

𝑝𝑛𝑓=∅𝜌𝑃+(1−∅)𝜌𝑏𝑓    (1) 

The density water - Ethylene glycol by volume 

percent blend as a function of temperature is taken from 

ASHRAE (2009) Hand Book. The density of base fluid and 

density of CuONanofluids for different volume fractions are 

calculated using the density correlations available for 

nanofluid sand the values are presented in the Table 4. The 

inaccuracy of values obtained by comparison of 

experimental values with the values obtained from the 

equation. So the correlations between these values very 

close to the measuring values. Therefore, the equation was 

used to evaluate the density. 

S.  

No 

% Volume 

fraction, 

(∅) 

Experimental 

density,  

(ρ) kg/m3 

Pak and Cho 

Density 

correlation (1998) 

1 0.05 1094.18 1092.21 

2 0.1 1105.07 1103.07 

3 0.2 1128.97 1125.22 

4 0.3 1141.67 1139.51 

5 0.4 1156.51 1154.39 

6 0.5 1169.01 1167.01 

7 0.6 1171.92 1168.23 

8 0.7 1179.15 1172.17 

Table 4: Comparison of density of CuOnanofluid 

The specific heat is very essential properties of 

nanofluids and its acting as heat transfer fluids. Specific heat 

is defined as the quantity of heat necessary to elevate the 

temperature of 1 gram of nanofluids with 1 degree 

centigrade. Here the specific heat can be calculated with the 

mixture formula. 

C_Pnf = [(∅(ρ_Cp )_np+(1-∅) (ρ_Cp )_nf)/(∅(ρ_np )+(1-

∅)(ρ_nf ) )]                     (2) 

C_Pnf = [(∅(ρ_Cp )_np+(1-∅) (ρ_Cp )_nf)/(∅(ρ_np )+(1-

∅)(ρ_nf ) )]                              (2.1) 

C_(P nf)=∅ C_P+(1-∅)C_bf   (3) 

Variation of specific heat of CuONanofluids with 

nanofluid temperature for all the CuO particle volume 

concentrations is shown in Fig. 7 We are considering specifi 

heat correlations with the specific heat properties of 

nanofluids  decrease by increase in the volume 

concentration of nanofluids. 

 
Fig. 8: Variation of specific heat of CuO nanofluids with 

volume concentrations and temperature 

VIII. VISCOSITY MEASUREMENT OF CUO NANOFLUIDS 

The glycols shout be usually varied within water and 

dissimilar size and used as heat transfer in fluids and the 

heat exchangers mainly in the cold climatic region 

someplace freezing the temperature surroundings reign. It is 

necessary to lesser the aqueous freezing point of the heat 

transfer of fluids are use in the automobile radiators and the 

other heat exchangers in applying regions. The pure glycols 

contain higher thickness and low freezing points more than 

the water. The higher viscosity of fluids needs elevated the 

power intended for pump of liquid in a hoop in the heat 

exchangers. The Prandtl numbers with Nussle’s number of 

high heat transfer of fluids in addition to depend on the 

viscosity property of the fluids. Therefore ethylene glycols 

are mixed into water at lower the viscosity of the fluid with 

the equal time maintain the necessary freezing temperature. 

Such as water base glycols are used to heat transfer of fluid 

after the ambient temperature is below zero degrees’ Celsius 

experimental works on the total viscosity to a range of 

thermo fluids be take on by different author with the 
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consequences be accessible in text number etc. All of the 

measured the temperatures in need to make a possession to 

copper oxide and ethylene glycol of Nanofluids prepared the 

experimental setup show the exponential reduce in the 

viscosity and increase. The temperature of the nanofluids. 

A. Viscosity Models 

The small number of experimental workings the report on 

the viscosity of the nanofluids also correspondence be 

developed in expect to the viscosity of the nanofluids into 

conditions of particle percentage volume of concentration by 

density of the base fluid. 

The process some all of the viscosity model 

developed from different researchers. Einstein has 

developed a viscosity correlation (Drew and passman- 1999) 

given by Eq. (3) in terms of nanoparticle volume 

concentration in the base fluid, when the nanoparticle 

volume concentration is lower than 5%, and is given by 

μnf = μbf(1+2.5× ∅)                             (3) 

Brinkman (1952) presented the following viscosity 

correlation Equation pertaining to concentrated particle 

suspension and is given by Eq. (4) 

μnf=μbf (
1

(1−∅)2.5)                                 (4) 

Bachelor (1999) developed a regression equation 
(5) for viscosity of nanofluids as follows 

μnf = μbf(1+2.5× ∅ + 6.2 × ∅)2      (5) 

IX. EXPERIMENTAL SETUP AND PROCEDURE 

In the present work water-ethylene glycol based CuO 

Nanofluids of 0.05%, 0.1%, 0.3%, 0.5%, 0.7%, 0.9%, 1.1% 

and 1.3% volume concentrations were prepared to measure 

the absolute viscosity. The CuO nanofluids thus prepared 

are assumed to be an isentropic and their thermophysical 

properties are uniform and constant with time all through the 

fluid sample. The nanofluids are assumed to act as 

Newtonian fluids as the concentration of nanoparticles is 

low. A Newtonian fluid satisfies the equation (Eq.6) 

governing Newtonian behavior of fluids and is given by 

τ = μ × γ  (6) 

The objective of the experiment is to study the 

effects of the temperature and the volume concentration of 

CuO nanofluid on its absolute viscosity. The experimental 

setup for measurement of viscosity of CuO nanofluids using 

water-ethylene glycol blend as the base fluid is shown in 

Fig.3.8. It consists of a programmable Brookfield 

viscometer with temperature controlled bath. The spindle 

type and its speed combinations will produce results with 

accuracy when the applied torque is in the range of 10% 

to100% and accordingly the spindle is chosen. Spindle S61 

is used in the present case. The CuO nanofluid under test is 

poured in the sample chamber of the viscometer. The 

spindle immersed and rotated in the nanofluid in the speed 

ranging from 387 to 540 rpm in steps of 12 seconds. 

In the temperature control system are activate to 

differ the temperature to the experiment sample. The 

viscosity are haul of the liquid next to the spindle is 

considered through the deflection of the calibrate coil. The 

shear rate and shear the strain with viscosity data next to 

room temperature is record through a information logger. 

The viscosity of nanofluids with different percentage of 

volume concentrations below check also measured on 

different temperature through unreliable the temperature of 

methanol both in activate temperature controls the system. 

The Viscosity of measurements shout be in progress by 335 

K and the temperature was slowly reduced with 260 KThe 

viscometer are having the accurateness within ±0.1% of the 

full scale range of the spindle /speed combination. The 

reproducibility of test data is found to be within ±0.2%. The 

photographic view of the Brookfield viscometer which is 

used for measuring he viscosity of a nanofluid are measure 

by its resistance within the way of slow bend through shear 

stress in the tensile stress intended for fluids, it correspond 

on the relaxed concept of thickness in the example, honey 

have been a much higher viscosity than the water. Viscosity 

is a property of the fluid which opposes the relative motion 

between the two surfaces of the fluid in a fluid that are 

moving at different velocities. The DV combine economy 

with no difficulty of operation through customary 

Brookfield quality to provide consistent viscosity reading. 

The digital demonstrate ensure simple with correct read 

clearly of test significances to concurrent measurement of 

viscosity. 

 
Fig. 9: Photographic Views of Brook Field Viscometer 

Apparatus 

Viscosity of the base fluid was measured. This 

ensures the accuracy and reliability of the viscometer and 

the apparatus can be used to measure the viscosity of the 

CuOnanofluids. After measuring the of viscosity of the base 

fluid and confirming that the viscometer is generating 

correct reading, the viscosity of CuOnanofluids of all the 

concentrations under investigation is measured in the 

temperature ranging from 30ºC to 80ºC. The measured 

viscosity of the CuO nanofluids was observed to be 

decreasing exponentially with an increase in the nanofluid 

temperature and the same is represented in Fig.8. The 

nanofluids with higher concentration of CuO nanoparticles 

exhibited more viscosity over the base fluid. It can be also 

observed from the results that the trend in the change of 

viscosity with temperature for all the concentrations of CuO 

nanofluid is similar. 
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Fig. 10: Comparison of experimental viscosity of 

Nanofluids with Temperature &Variation in the viscosity of 

CuO nanofluids 

 
Fig. 11: Viscosity of Nanofluids with Temperature 

&Variation in the viscosity of CuO nanofluids 

A. Thermal Conductivity Measurement 

Thermal conductivity (often denoted k, λ, or κ) is the 

property of a material to conduct heat. It is evaluated 

primarily in terms of Fourier’s law for heat conduction. heat 

transfer occurs at a lower rate across materials of low 

thermal conductivity than across materials of high thermal 

conductivity in the same way of materials at high thermal 

conductivity be extensively used in heat and sink application 

with materials contain low thermal conductivity be use as 

thermal coating. The thermal conductivity of a material can 

depend on the temperature. The mutual of a thermal 

conductivity is also called thermal resistivity. The 

nanofluids possess unique features with regard to their 

thermal performances. The properties of nanofluids are 

different from the properties of conventional heat transfer 

fluids. The nanoparticles after large total surface area as a 

result of which higher thermal conductivities are expected in 

nanofluids. Reveal that traditional thermo fluids in the 

presence of nanoparticles exhibit better thermo physical 

properties. And the thermal conductivity. The several 

conventional model planned in Maxwell (1881), The 

Hamilton and Crosser (1962), Wasp (Wasp), Bridgeman 

(2009), be accessible in a literature expect the effectual the 

thermal conductivities to the Liquid-solid suspension. And 

through the Maxwell developed in model to predict the 

effective thermal conductivity of solid-liquid suspension for 

low volume concentration of spherical micro particles 

suspensions. The thermal conductivity is study at taken a 

nanofluids in different research group include the reported 

and substantial improvement in the thermal conductivity 

more than the base fluids. The Later other thermal 

conductivity of models for prediction and effective of 

thermal conductivities in nanofluids be developed by a 

Wang et al. (1999), Xuan et al. (2003), Choy et al. (2001). It 

makes some of the models used to predict effective on 

thermal conductivity of the fluids by fine particle suspension 

are listed below. 

Maxwell-Eucken (Maxwell 1892) model (Mamut, 

2006) 

Knf=Kbf[
((1+2∅ (1−(𝐾𝑏𝑓/𝐾𝑐𝑢𝑜))/(2 (𝐾𝑏𝑓/𝐾𝑐𝑢𝑜))+1)

((1−∅ (1−(𝐾𝑏𝑓/𝐾𝑐𝑢𝑜))/((𝐾𝑏𝑓/𝐾𝑐𝑢𝑜+1)))
]     (7) 

Wasp (1977) model (Eastman et. al.2004) 

Knf = Kbf[
(𝐾𝑐𝑢𝑜+2𝐾𝑏𝑓−2∅(𝐾𝑏𝑓−𝐾𝑐𝑢𝑜))

(𝐾𝑐𝑢𝑜+2𝐾𝑏𝑓+2∅𝑐𝑢𝑜(𝐾𝑏𝑓−𝐾𝑛𝑐𝑢𝑜))
] (8) 

The nanoparticles are large surface area of a result 

at which high thermal conductivities be expected in 

Nanofluids. The more research conclusion exposes to 

customary thermo fluid in the presence of nanoparticles 

show improved thermo physical properties. The 

nanoparticles are large surface area of a result at which high 

thermal conductivities be expected in Nanofluids. The more 

research conclusion exposes to customary thermo fluid in 

the presence of nanoparticles show improved thermo 

physical properties. The KD2 Pro is a device used to 

measure the thermal properties at with the base of KD2 Pro 

package of consists in a hand controller with one sensor kit 

of your option. There several sensors obtainable for 

purchase the operator can be including almost of any 

material can be single needle of sensors measure the thermal 

conductivity with resistivity though the dual-needle sensor 

measures the thermal conductivity, diffusivity, resistivity, 

and volumetric specific heat capacity are measurement. 

 
Fig. 11: Counter flow Heat Exchanger Setup 

S. 

No. 

Volume 

fraction 

(∅), in % 

Density (𝝆), in Kg/m3 Viscosity (υ), in Pa-s 
Specific heat (Cp),  

in J/Kg.K 

Thermal conductivity 

(K), in W/m-K 

Present 

data 

Present 

data 

Present 

data in 

υ x106 

Einstein 

υ x106 

Present 

data 

Pak and 

Cho [1998] 

Present 

Data 

Wasp 

[1977] 

  1094.18 1094.18 0.0072 0.0069 2870.76 2955.15 0.296 0293 

2 0.1 1105.07 1105.07 0.0065 0.0062 2861.41 2932.35 0.301 0.286 
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3 0.3 1128.97 1128.97 0.0052 0.0049 2850.11 2911.15 0.307 0.291 

4 0.5 1141.67 1141.67 0.0030 0.0030 2843.07 2903.74 0.309 0.298 

5 0.7 1156.51 1156.51 0.0026 0.0023 2839.31 2887.25 0.317 0.306 

6 0.9 1169.01 1169.01 0.0022 0.0021 2831.94 2873.34 0.321 0.316 

7 1.1 1171.92 1171.92 0.0019 0.0017 2823.47 2861.87 0.342 0.334 

8 1.3 1179.15 1179.15 0.0016 0.0016 2816.69 2844.31 0.358 0.347 

Table 5: Thermo Physical properties of nanofluid

B. Specification and Apparatus Required 

 Inner tube material- Copper, Inner Diameter = 9.5 mm 
Outer Diameter = 12.5mm 

 Outer tube material-Galvanized iron, Inner Diameter 
=28.5mm 

 Outer Diameter = 32.5 mm 

C. Length of the Exchanger, (L) = 1.0 m 

1) Description 
In this arrangement, the fluid enters in the same unit from 
opposite end travel in opposite direction and subsequently 
leaves from the opposite direction and give surface, the 
counter flow arrangement gives maximum heat transfer and 
is naturally preferred for the heating and cooling. 
2) Formula 

Hot fluid mass flow rate, 

mh = 
Collection of water in liters

Time taken per sec
× Density in, (

Kg

sec
) 

Cold fluid mass flow rate 

mc =
Collection of water in liters

Time taken per sec
× Density in, (

Kg

sec
) 

Heat transfer for hot fluid, 

Qh =  mh × CPh × (Thi − Tho) in, W 

Heat transfer for cold fluid, 

QC =  mc × CPc × (Tci − Tco) in, W 

Overall heat transfer of fluid 

Qoverall=[
𝑄ℎ+𝑄𝑐

2
]in, W 

Logarithmic Mean Temperature Difference (LMTD), 

∆TLM = [
(Tho−Tco)−(Tℎi−Tci)

ln(
Tho−Tco
Thi−Tci

)
]in,°C 

Over all heat transfer co-efficient, 

U = [
Q

A
× ∆Tm]in, W 

Maximum heat transfer fluid, 

𝜺 =
𝑄

𝑄𝑚𝑎𝑥

= [
Thi − Tho

Thi − Tci

] 

Effectiveness 

𝛆 = [
Thi−Tho

Thi−Tci
] 

3) Procedure 

 Switch on the fluid system. 

 Switch on the geyser. 

 For the counter flow experiment, open all valves. 

 Wait for some time to achieve steady state. 

 Every time, the inlet and outlet temperature of hot and 
cold fluid are tabulated. 

 Switch off the geyser and then Switch off the unit. 
4) Calculation 

Hot fluid mass flow rate,  

mh = 
0.001

26.41
× 960.7 

mh = 0.036(
Kg

sec
). 

Cold fluid mass flow rate, 

mc
 =

0.001

17.03
× 892.7 

mh = 0.0524(
Kg

sec
). 

Heat transfer for hot fluid, 

Qh =  0.036 ×  2870.76 × (45.7 − 41.8) 

Qh=403.05 W 

Heat transfer for cold fluid, 

QC =  0.0524 ×  2816.19 × (30.6 − 28.4) 

Qc= 324.708 W 

Overall heat transfer of fluid,  

Qoverall=[
403.05+324.708

2
] 

Qoverall =363.879 W 

Logarithmic Mean Temperature Difference (LMTD), 

∆TLM = [
(45.7 − 30.6) − (41.8 − 28.4)

ln (
45.7−30.6

41.8−28.4
)

] 

∆TLM= 14.406°C 

Area (A), =πDL 

(A)= π(0.0125x1.0) 

Over all heat transfer co-efficient,  

U = (
363.879

(π∗0.0125∗1.0)X (14.406)
) 

U = 701.543 W/m2K 

Maximum heat transfer fluid, 

=
363.879

Qmax

= [
45.7 − 41.8

45.7 − 28.4
] 

Qmax = 1614.129 W 

Effectiveness     

ε = [
45.7−41.8

45.7−28.4
] 

ε = 22.54 % 

D. Result 

Thus the following heat transfer Co-efficient and 

effectiveness is determined. 

 For counter flow heat transfer, overall heat transfer co-

efficient     

(U) = 1604.11 W/m2K. 

Effectiveness, (ε) = 22.54 %. 

X. RESULTS AND DISCUSSION 

Analysis of Nano fluid Properties Using CFD from ANSYS 

Software. Computational fluid dynamics methodology used 

for obtaining a discrete solution of real world fluid flow 

problems. 

 Design better and faster, economical, meet 

environmental regulations and ensure industry 

compliance. 

 CFD analysis leads to shorter design cycles and your 

products get to market faster. 

 In addition, equipment improvements are built and 

installed with minimal downtime. 

CFD is a tool for compressing the design and 

development cycle allowing for rapid prototyping Fig 12 

Flow Chart for Analysis Procedure 
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Fig. 12: Counter Flow Heat Exchanger (2D Drawing) 

 
Fig. 13: Counter Flow Heat Exchanger (3D Drawing) 

 

 
Fig. 14: Hot Fluid Volume & Cold Fluid Volume 

A. Defining Boundary 

 

 
Fig. 15: Counter Flow Heat Exchanger (Complete domain 

mesh) 

 

 
Fig. 16: Hot Fluid Volume Mesh & Cold Fluid Volume 

Mesh 

Group Box Model 

Models Three Dimensional 

Time Unsteady 

Material Fluid 

Flow Coupled Flow 

Gradient Metrics Gradients 

Equation of State Constant Density 

Viscous Regime Turbulent 

Reynolds Averaged Turbulence K-Epsilon Turbulence 

Optional Models Lagrangian Multiphase 

Table 6: Setup Models for Ansys 

z ρ – Density (kg/m3) 1179.15 

2 v – Velocity (m/s) 1.205 

3  – Dynamic  Viscosity (Ns/m²) 0.0016 

4 α – Thermal Diffusivity (m2/s) 1.077x10-7 

5 Cp – Specific Heat (J/kg K) 2816.69 

6 K – Thermal Conductivity (W/m-K) 0.358 

7 υ – Kinematic Viscosity (Ns/m²) 0.00135 

8 Pr – Prandtl Number 0.0125 

Table 7: Physical Properties of Nano Fluids (Cold) 

1 ρ – Density (kg/m3) 1094.18 

2 v – Velocity (m/s) 8.14 

3  – Dynamic  Viscosity (Ns/m²) 0.0072 

4 α – Thermal Diffusivity (m2/s) 9.423x10-8 

5 Cp – Specific Heat (J/kg K) 2870.76 

6 K – Thermal Conductivity (W/m-K) 0.296 

7 υ – Kinematic Viscosity (Ns/m²) 0.0065 

8 Pr – Prandtl Number 0.0698 

Table 8: Physical Properties of Nano Fluids (Hot) 

1 ρ – Density (kg/m3) 6300 

Table 9: Properties of Nano Particle 

B. Boundary Values 

 Hot Fluid Properties Inlet Velocity: 8.14 m/s, 

Temperature: 318.7K 

 Cold Fluid Properties: Inlet Velocity: 1.205 m/s, 

Temperature: 301.4K 

 

 
Fig. 17: Velocity Scene at Nano Particle & Velocity Scene 

at Nano Fluid 

Simulation had been done with respect to unsteady 

state. Physical time taken for the study is about one minute. 

The temperature drop is about 1oC for a minute. According 

to the principle, Heat loss by the hot fluid = Heat gain by the 

cold fluid the temperature lost by the hot fluid (Initial 

Temperature = 318.7 K) is about 1oC and the heat gained by 

the cold fluid is about (Initial Temperature = 301.4 K) is 

about 1oC. 

 
Fig. 18: Hot Fluid Outlet Temperature 

 
Fig. 19: Cold Fluid Outlet Temperature 
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The above picture clearly shows the temperature 

loss and gain by the fluids. Since the simulation had done on 

unsteady(Properties change with respect to time) state for 

about one minute cold fluid outlet temperature Cleary shows 

that the still more temperature drop can be achieved with 

respect to time. 

XI. CONCLUSION 

In this work commercially available CuO Nano particle 

dispersed in the ethylene (Glycol + Distilled) as a base fluid 

and mixture at various percentage of value fraction. were 

evaluated as possible heat transfer for fluids with improved 

thermo physical characteristics two step practice was used 

for the specimen preparation using the magnetic stirrer and 

vertical type ultra Sonicator. The scanning electron micro 

scope was used to show the nanoparticles dispersion in the 

fluid. The thermo physical properties of the nana fluid were 

measured. 

We were concluded through this work given below  

1) While ultra Sonicator process was planned for required 

particle size and thermal conductivity  

2) CuO Nano particle aggregation is pretentions with the 

base fluid viscosity as well as the particle surface area  

3) Ethylene glycol +Distilled water Nano fluids show the 

thermal conductivity improvement then lower Nano 

particle Nanofluids. Reasonable Nano particles to 

aspect improved while small size Nano particles and 

heave size Nano particles lead the lesser heat transfer. 

4) Compare the low percentage of volume fraction of 

Nano fluids with higher percentage of volume fraction 

thermal conductivity increased with Nano particle 

addition. 

5) The heat transfer capacity were while the Nano fluid 

flow through horizontal heat exchanger and analysis by 

CFD. The experiment and CFD values compared show 

in the graphs. 
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