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Abstract— the heat exchanger is a device used to transfer heat 

between a solid object and a fluid, or between two or more 

fluids. Generally, radiators are heat exchangers used in 

automobiles to transfer thermal energy from one medium to 

another for the purpose of cooling and heating. In radiator, 

the hot liquid flows through the exposed pipes and transfers 

the heat to the air by fans. The heat exchanger is also widely 

using in space heating, air conditioning, power plants, etc. 

Since the heat exchanger is using in many industrial 

applications, the major problem arises during heat exchanger 

is low thermal conductivity. Low thermal conductivity of heat 

exchanger is mainly due to the conventional heat transfer 

fluids. In order to overcome this issue, an energy efficient 

heat transfer fluids are developed by suspending metallic or 

metallic oide nanoparticles in conventional heat transfer 

fluids which is known as “nanofluids”. Our objective is to 

improve the thermal conductivity by supplying the nanofluid 

as cold fluid in heat exchanger. These nanofluids are expected 

to have high thermal conductivity than the heat transfer fluids 

such as water, ethylene glycol and engine oil. The result of 

heat transfer property of cadmium oxide nanofluid flowing 

through the double pipe heat exchanger is presented and it is 

compared with the heat transfer rate of water flowing through 

the same heat exchanger. The other thermo-physical 

properties of cadmium oxide nanofluid and water are also 

investigated in this paper. 
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I. INTRODUCTION 

Heat is the amount of energy flowing from one body to 

another spontaneously due to their temperature difference, or 

by any means other than through work or the transfer of 

matter. In heat exchanger, the heat is transferred between one 

or two fluids or between one solid and one fluid. This heat is 

used to undergo further process in various places like power 

generation, chemical, petrochemical, oil & gas, 

pharmaceuticals, air conditioner, food & beverage processing 

and pulp & paper industries. In this paper, the nanofluid is 

used to enhance the thermal performance of heat exchanger 

by passing nanofluid as cold fluid through the heat exchanger. 

Following gives you the brief background of the material and 

process used in our project. 

II. COMPONENTS 

A. Double Pipe Heat Exchanger 

A double pipe heat exchanger, in its simplest form is just one 

pipe inside another larger pipe. One fluid flows through the 

inside pipe and the other flows through the annulus between 

the two pipes. Double pipe heat exchanger design is rather 

straightforward. It uses one heat exchanger pipe inside 

another. The wall of the inner pipe is the heat transfer surface. 

In double pipe heat exchanger design, an important factor is 

the type of flow pattern in the heat exchanger. A double pipe 

heat exchanger will typically be either counter flow or 

parallel flow. Crossflow just doesn't work for a double pipe 

heat exchanger. In our project, we have selected counter flow 

as its flow pattern. 

 
Fig. 1: Double Pipe Heat Exchanger 

The above double pipe heat exchanger consists of GI 

tube as outer tube and copper tube as inner tube in order to 

increase the efficiency of the heat transfer rate. The copper 

tube is used to flow hot water and the inner tube is used to 

flow cold nanofluid. Copper is generally having good heat 

transferring rate than any other material and we are using 22 

mm of copper tube and 44 mm of GI tube. 

B. Copper Tube 

Rank Metal 
Thermal conductivity 

[BTU/(hr.ft.°F) 

1 Copper 228 

2 Aluminum 118 

3 Brass 64 

4 Steel 17 

5 Bronze 15 

Table 1: Common metals ranks by thermal conductivity 

From the above table, out of the more common metals, copper 

and aluminum have the highest thermal conductivity while 

steel and bronze have the lowest. Heat conductivity is a very 

important property when deciding which metal to use for a 

specific application. As copper is an excellent conductor of 

heat, it’s good for heat exchangers, heat sinks, and even 

saucepan bottoms. Because steel is a poor conductor of heat, 

it’s good for high-temperature environments like airplane 

engines. Copper is a popular choice for heat exchangers in 

industrial facilities, air conditioning, refrigeration, hot water 

tanks and under-floor heating systems. Its high thermal 

conductivity allows heat to pass through it quickly. Copper 

has additional properties desirable in heat exchangers 

including resistance to corrosion, bio-fouling, stress and 

thermal expansion. 
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C. GI Tube 

Galvanized pipes/tubes are steel pipes covered with a 

protective coating of zinc that greatly reduces its tendency to 

corrode and extends its life expectancy. It may be used in 

residential water supply lines, but not gas lines because 

natural gas causes the zinc to flake off and clog the system. 

It's not frequently used for water supply lines because the 

minerals in the water react with the galvanizing material and 

form scale, which builds up over time and will eventually 

clog the pipe. In our project, we are selected GI tube to supply 

cold fluid into it because of its economy rate and also for its 

easy availability. It has more advantages like low initial cost, 

long life, toughness, low maintenance costs, standardization, 

automatic protection for damaged areas, 360 degree 

protection, Easy inspection, Fast assembly, etc. 

D. Motor Pump 

In order to supply nanofluid to the double pipe heat 

exchanger, we are using 0.25 hp motor and it has 2800 rpm 

of single phase motor. Even though the rpm is more, it is 

needed because of high density of cadmium oxide nanofluid. 

E. Water Heater 

We are also used 3 KW heater of 6 liter capacity in order to 

produce hot water. We are simply connected the heater outlet 

to the hot inlet of the heat exchanger in order to have 

continuous flow of hot fluid. This hot fluid is used to transfer 

the heat to the fluid flowing through the GI tube. Generally, 

copper tube is used for flowing the hot water in the heat 

exchanger. 

III. MATERIALS AND METHODS 

A. Nanofluid 

A nanofluid is a fluid containing nanometer-sized particles 

called nanoparticles. These fluids are manufactured by 

suspending the engineered colloidal nanoparticles in a base 

fluid. The nanoparticles which have been used in this process 

are typically made of metals, oxides, carbides, or carbon 

nanotubes. The common base fluid includes water, ethylene 

glycol and oil. By suspending nano particles in heating or 

cooling fluids, the heat transfer performance of the fluid can 

be significantly improved. 

B. Cadmium Oxide Nanofluid 

The Cadmium Oxide Nanopowder has gained appreciation 

from all over the world for features likes purity 99.5%, length 

20-30nm and high quality. Cadmium oxide nanoparticles are 

known to be highly reactive and they have been employed in 

processes such as energy storage system, electrochromic thin 

films magneto resistive devices and heterogeneous catalysis. 

Cadmium Oxide nanoparticles density leads to the elevation 

of antimicrobial feature and the reduction of bacteria growing 

speed which is in line with the other surveys about the 

nanoparticles effects on microorganisms. 

1) Preparation of Nanofluids 

The second important process in our project is to prepare the 

nanofluid by suspending the nanoparticle in base fluid. The 

preparation of nanofluid can be done by various methods such 

as changing the pH value of suspensions, using surface 

activators or by using ultrasonic vibrator. This process are 

comes under the categories of two-step method, one-step 

method and other novel methods. Nanofluids, the fluid 

suspensions of nanomaterials, have shown many interesting 

properties, and the distinctive features offer unprecedented 

potential for many applications. 

There are two main processes for preparing 

nanofluids namely (a) Two-step process (b) One step process. 

In our project, we are using two-step process because of its 

efficiency and easy availability. And also it is more economy 

than other methods. 

2) Two-Step Process 

Two-step method is the most widely used method for 

preparing nanofluids. Nanoparticles, nanofibers, nanotubes, 

or other nanomaterials used in this method are first produced 

as dry powders by chemical or physical methods. Then, the 

Nano-sized powder will be dispersed into a fluid in the 

second processing step with the help of intensive magnetic 

force agitation, ultrasonic agitation, high-shear mixing, 

homogenizing, and ball milling. 

 
Fig. 2: Nanofluid Preparation-Ultrasonic Cleaner 

3) Properties of CdO nanoparticle 

Following are the main properties of CdO nanoparticle, 

 Molecular Formula   :  CdO 

 Average Size             :   20-30 nm 

 Colour                        :   white 

 Density                       :   8.15 g/cm³ 

 Melting point              :    900-1000°c 

 Molecular weight        :   128.41 g ∕ mol 

 Thermal Conductivity :   0.7 W ∕ m-K 

 Morphology                 :   Spherical 

 
Fig. 3: Cadmium Oxide Nanopowder 

IV. WORKING 

Generally, heat exchanger is a device used for transferring 

heat from one fluid to another fluid or between a solid and 

liquid. It contains two inlet such as hot and cold inlets. 

Initially, the heated liquid is allowed to pass through the hot 

inlet and then the cold fluid (cadmium oxide nanofluid) is 

passed through the cold inlet using motor pump. 
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During this process, the heat present in the hot fluid 

(water) is liberated and the tube is also taken as good heat 

exchanger like copper and then the liberated heat is present in 

the outer surface of the copper tube and the cadmium oxide 

nanofluid which is allowed to pass through the GI tube will 

automatically absorbs the liberated heat and goes out from the 

heat exchanger and this heated fluid is used for further 

processing in the industries. Generally the heat transfer takes 

place until the temperature of both liquid become equal. This 

process is mainly depends on the thermal property of the 

outer fluid. This is the working of heat exchanger. 

The nanofluids generally have good thermal 

conductivity because the fluid contains solid particles. In our 

project, we have used cadmium oxide nanofluid in double 

pipe heat exchanger and compare the output with water 

flowing heat exchanger. 

 
Fig. 4: Finished Output (Top Portion) 

 
Fig. 5: Finished Output (Bottom Portion) 

V. EXPERIMENTAL RESULTS 

The following are the experimental results which we got 

during water and cadmium oxide nanofluid flowing through 

heat exchanger. 

A. Heat Transfer Rate Vs Hot Inlet Temperature 

Hot water 

inlet 

temp. for 

water 

heat 

transfer 

rate for 

water 

Hot water 

inlet temp. for 

nanofluid 

heat transfer 

rate for 

nanofluid 

45 0.9719 45 1.6394 

50 0.7170 50 1.7937 

55 0.9043 55 1.7417 

60 0.9881 60 1.522 

Table 2: Heat transfer Vs Hot inlet temperature 

 
Fig. 6: Comparison between water and CdO nanofluid on 

Heat Transfer Rate 

B. Heat Transfer coefficient Vs Hot Inlet temperature 

Hot water 

inlet 

temp. for 

water 

Heat 

transfer 

coeff. for 

water 

Hot water 

inlet temp. 

for 

nanofluid 

Heat 

transfer 

coeff. for 

nanofluid 

45 0.6414 45 1.8077 

50 0.3747 50 1.4122 

55 0.3883 55 0.8294 

60 0.3732 60 0.7076 

Table 3: Heat transfer coefficient Vs Hot inlet temperature 

 
Fig. 7: Comparison between water and CdO nanofluid on 

Heat Transfer Coefficient 

C. Mass Flow Rate Vs Hot Inlet Temperature  

Mass flow rate of the fluid is also an important factor for 

increasing the heat transfer rate because it is directly 

proportional to heat transfer rate. The following are the mass 

flow rate properties of water and Nano fluid which we got 

during our experiment, 

Hot water 

inlet temp. 

for water 

Mass 

flow 

rate 

Hot water 

inlet temp. 

for nanofluid 

Mass 

flow 

rate 

45 0.0438 45 0.0502 

50 0.0476 50 0.0476 

55 0.0432 55 0.0416 

60 0.0400 60 0.0404 

Table 4: Mass Flow Rate Vs Hot Inlet Temperature 

 
Fig. 7: Comparison between water and CdO nanofluid on 

Mass Flow Rate 
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D. LMTD Vs Hot Inlet Temperature 

Hot water inlet 

temp. for water 
LMTD 

Hot water inlet 

temp. for nanofluid 
LMTD 

45 12.18 45 7.29 

50 15.38 50 10.21 

55 18.72 55 16.88 

60 21.28 60 17.29 

Table 5: LMTD Vs Hot Inlet Temperature 

 
Fig. 8: Comparison between water and CdO Nano fluid on 

LMTD 

VI. CONCLUSION 

Enhancing the thermal properties of the heat exchanger by 

using 0.1% cadmium oxide nanofluid have been investigated. 

Nanofluid had a better thermal performance than water in 

heat exchanger. From the experimental results, it is proved 

that the thermal properties of 0.1% cadmium oxide nanofluid 

have better output than the water. In terms of heat absorption, 

the 0.1% cadmium oxide nanofluid absorbed almost 5°c-6°c, 

while in the case of water, it absorbs only 2°c. This gives the 

clear thought on the heat transferring quality of cadmium 

oxide nanofluid. Since the heat absorption is increasing, 

simultaneously, the overall heat transfer coefficient and heat 

transfer rate of the cadmium oxide nanofluid is also increased 

when compared to normal fluid (water). This results shows 

that nanofluid is a potential working fluid in heat exchanger 

in future. This proves us the fact that are given by our 

precedents in this field specifically, “Nanofluids have good 

thermal conductivity than normal fluid”. 
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