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Abstract:- In the present study, the effects of nano fluids used in the plate heat exchanger has been 

experimentally studied. In the first stage temperature of the nano fluids has been measured and compared with 

enhancement with base fluid (water) and in second stage heat transfer performance of plate heat exchanger has 

investigated using CuO and SiO2 (0.1 v/v and 0.2v/v)  nano fluids. The experimental study has been conducted 

by change in different parameters such as the Flow Rate, inlet & outlet temperatures’ and nano fluid 

concentrations. Heat transfer performance of plate heat exchanger has been compared with water. From the 

results it has been observed that performance of heat exchanger has been enhanced with increasing the Overall 

Heat Transfer Coefficient and Nusselt Number with different flow rate with different particles concentrations. In 

the results it has been shown that CuO nano fluids have best performance as compared to SiO2 and water. 
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I. INTRODUCTION 
1.1 Plate Heat Exchanger [PHE] 

A plate heat exchanger is a one of the most useable type of heat exchanger in which metal plates are 

used to transfer heat between two fluids [1]. Plate type heat exchangers are very important components of power 

industry and process today. Due to their ease of clearing uses of the plate type heat exchangers was limited to 

hygienic industries such as pharmaceuticals, food processing and dairy industries primarily [2]. 

 
Fig. – 1.2   Plate Heat Exchanger 

 

1.2 Classification of Plate Heat Exchanger: 

1.Gasket plate heat exchangers (plate and frame heat exchangers) 

2.Brazed plate heat exchangers  

3.Welded plate heat exchangers 

1.Gasket plate heat exchangers (plate and frame heat exchangers) - 

 

Each plate is made by stamping or embossing a corrugated (or wavy) surface pattern on sheet metal. 

On one side of each plate, special grooves are provided along the periphery of the plate and around the ports for 

a gasket, as indicated by the dark lines in Fig. 1.2. Typical plate geometries (corrugated patterns) are shown in 

Fig. 1.4, and over 60 different patterns have been developed worldwide. Alternate plates are assembled such that 

the corrugations on successive plates contact or cross each there to provide mechanical support to the plate pack 
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through a large number of contact points. The resulting low passages are narrow, highly interrupted, and 

tortuous, and enhance the heat transfer rate and decrease fouling resistance by increasing the shear stress, 

producing secondary flow, and increasing the level of turbulence. The corrugations also improve the rigidity of 

the plates and form the desired plate spacing. Plates are designated as hard or soft, depending on whether they 

generate a high or low intensity of turbulence 

 

 
Figure - 1.3 Plate showing gaskets around the ports (Shah and Focke, 1988) 

 

Brazed Plate Heat Exchange (BPHEs) - 

A brazed plate heat exchanger is a compact PHE for high-temperature and high-pressure duties, and it 

does not have gaskets, tightening bolts, frame, or carrying and guide bars. It consists simply of stainless steel 

plates and two end plates, all generally copper brazed, but nickel brazed for ammonia units. The plate size is 

generally limited to 0.3m
2
. Such a unit can be mounted directly on piping without brackets and foundations. 

Since this exchanger cannot be opened, applications are limited to negligible fouling cases. The applications 

include water-cooled evaporators and condensers in the refrigeration industry, and process water heating and 

heat recovery. BPHEs were developed with experience and expertise from a wide range in many different 

climates. 

 

 
Figure - 1.4    Brazed Plate Exchanger 

We aim to maximize the performance and at the same time minimize the amount of material used. This 

has environmental benefits, keeps costs down and reduces exposure. 

Advantages and Limitations - 

 

1. They can easily be taken apart into their individual components for cleaning, inspection, and maintenance.  

2.The heat transfer surface area can readily be changed or rearranged for a different task or for anticipated 

changing loads, through the flexibility of plate size, corrugation patterns, and pass arrangements.  

3.High shear rates and shear stresses, secondary flow, high turbulence, and mixing due to plate corrugation 

patterns reduce fouling to about 10 to 25% of that of a shell-and-tube exchanger, and enhance heat transfer.  
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4.Very high heat transfer coefficients are achieved due to the breakup and reattachment of boundary layers, 

swirl or vortex flow generation, and small hydraulic diameter flow passages. 5.Because of high heat transfer 

coefficients, reduced fouling, the absence of bypass and leakage streams, and pure counter low arrangements, 

the surface area required for a plate exchanger is one-half to one-third that of a shell-and tube exchanger for a 

given heat duty, thus reducing the cost, overall volume, and space requirement for the exchanger.  

6.Also, the gross weight of a plate exchanger is about one sixth that of an equivalent shell-and-tube exchanger. 

7.Leakage from one fluid to the other cannot take place unless a plate develops a hole.  

8. The gasket is between the plates, any leakage from the gaskets is to the outside of the exchanger.  

9.The residence time (time to travel from the inlet to the outlet of the exchanger) for different fluid particles or 

flow paths on a given side are approximately the same.  

10.This parity is desirable for uniformity of heat treatment in applications such as sterilizing, pasteurizing, and 

cooking. 

 

II. RESEARCH OBJECTIVE 
The experimental set up has been constructed is to check heat transfer rate. Nanofluids are used since 

they exhibit the property of high heat transfer rate. The main components of the set up are water tank, pump, 

heat exchanger, flow meter, and manometer. There will be increase of the mass velocity of fluid which results in 

the increase of pressure drop across the test section. Pressure drop increases with nano fluids. Therefore, the 

choice of flow rate is important factor. SiO2 and CuO nano particles (Nano shells) are being used 

a) To Prepare the Nano fluids SiO2 and CuO with base fluid water. 

b) The effect of Heat Transfer Coefficient with Nusselt Number on plate heat exchanger. 

c) Comparison of overall Heat Transfer Coefficient with water and Nano fluids. 

 

III. EQUIPMENT USED 
Experimental set up include: 

1) Main storage tank with heat source 

2) Flow meter 

3) Magnetic pump 

4) Thermocouples 

5) U-tube manometer 

6) Plate type heat exchanger 

7) Control and display unit 

 

Water storage tank -  

Storage tank used for PHE has a capacity of 6L and in the storage tank the steel is used as a material. 

The storage tank will contain nano-fluid mixed with water in different ratios. 

 

Nanofluids - 

Copper Oxide and Silicon Oxide are the nanoparticals having size of CuO and SiO2 is 20 nm. The 

Nano fluids are prepared by two stepped method. 0.1 and 0.2 concentration are made by mixture 3 and 6 gms of 

each nano particles in separate 100ml of distilled water. Sodium Dodecyl sulphaste is used a sufrfant to avoid 

any settlement of nano particles in the fluid mixture. The nano particles are stirred with water for 20 minutes 

then sonicated for 90-100 minutes. 

 

IV. EXPERIMENTAL  ANALYSIS 
In the experimental setup the brazed type plate heat exchanger is used, display panel unit including PID 

controller, Thermocouples, magnetic pump, Rota meter of maximum of 3 lpm flow rate. The plate heat 

exchanger consists of a bundle of corrugated metal plates with portholes. The plate pack is assembled between a 

fix frame plate and a movable pressure plate and compressed by tightening bolts. The plates are fitted with a 

gasket which seals the interpolate channel. The plate and the pressure plate are suspended from an upper 

carrying bar and located by a lower guiding bar, both of which are fixed to a support column. 
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Fig.-1.5 Photographic view of the set up 

 

 

Product 

 

Special as schematic diagram 

 

Hot water tank 

 

6 liter capacity, made up of steel 

 

Cold Water Bucket 

 

10 Liter  capacity, made up of plastic 

  

Pump 

 

Magnetic pump (capacity 15 LPM) , 

Submersed pump (clod fluid) 

 

Manometer 

 

U – tube manometer for checking 

pressure drop across the test section 

 

Temperature sensor 

 

RTD PT-100 type (Quantity-4 Nos.) 

 

Heat exchanger 

 

Brazed  type plate heat exchanger 

 

Flow meter 

 

Rota meter with range of .5 LPM – 5 

LPM 

 

Control panel 

 

Digital temperature controller with 

on/off switch (0-199 c) 

  

PID controller 

 

Maintain the selected temperature and 

cut  the heating supply if exceeded 

selected temperature 
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Table – 1.1 Technical Data of Experimental Set- Up 

 
Fig. – 1.6   Line Diagram of PHE 

 

V. RESULT AND DISCUSSION 
Experiments are also performed with distilled water before with SiO2/water and CuO/water nano fluid at 

different concentrations. In this chapter we will discuss all the parameters and results calculated for overall heat 

transfer coefficient. 

 

Comparison of experimental results - 

Different fluids are compared for overall heat transfer coefficient at all temperatures (40°C, 45°C, 

50°C, 55°C and 60°C). From the experimental study it was shown that CuO/water (.2 conc.) nano fluid has the 

highest 56 %, 40 %, 30% overall heat transfer coefficient from water. SiO2/water nano fluid at both 

concentrations has low heat transfer coefficient than CuO (.2) at all temperature. In SiO2/water (at .1 and .2 

conc.) nano fluid heat transfer coefficient is less as compared with CuO/water (.2 conc.). 

 

1. Variation of the Overall heat transfer coefficient with Flow rate 

 

 
Graph – 4.1 Variation of Overall Heat Transfer Coefficient (h) with Flow Rate at 40°C 
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Graph. - 4.2   over all Heat transfer coefficient (h) with Flow Rate at 45°C 

 

 
Graph - 4.3   Over all Heat transfer coefficient (h) with Flow Rate at 50°C 

 

 
Graph - 4.4 over all Heat transfer coefficient (h) with Flow Rate at 55°C 
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Graph – 4.5. Over all Heat transfer coefficient (h) with Flow Rate at 60°C 

 

2. Variation of Nusselt number (Nu) with Flow Rate 

Results are compared for distilled water, SiO2/water (.1 and .2 conc.) nano fluid and CuO/water (0.2 

concentration) nano fluid. From the study it was concluded that with the increase of Flow Rate and Nusselt 

number (Nu) also increases. Nusselt number increases as the temperature increases. Nusselt number in case of 

water is lower than in case of nano fluid. The Nusselt number in case of SiO2/water (.2 conc.) is more than water 

but lower than CuO/water nano fluid at all temperatures. Water has the lowest Nusselt number value in all. The 

comparisons of Nusselt number with Flow rate at all temperatures for all fluids are shown in the following 

figures. 

 
Graph - 4.6   Variation of Nusselt number (Nu) with Flow Rate 

 

VI. CONCLUSIONS 
 In present work experimentation was carried out to calculate the overall heat transfer coefficient and 

heat transfer characteristics on plate heat exchangers using nano fluid. 0.1% and 0.2% concentration of nano 

fluid are prepared. CuO/water and SiO2/water nano fluid are prepared using two-step method. From the study 

the following conclusions are drawn: 

Heat transfer coefficient in case of CuO/water nano fluid is more than SiO2/water nano fluid followed by 

distilled water. Heat transfer coefficient increases with volume concentration and is more than in case of 0.2% 

conc. than in 0.1% conc. for each nano fluid. 

1. The overall heat transfer coefficient for CuO/water 0.2% conc. and 0.1% conc. is increased by 56% and 

40% respectively. In case of SiO2/water nano fluid for 0.2% conc. and 0.1% conc. It is increased by 30% and 

26% respectively. 
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2. In case of CuO/water 0.2% conc. heat transfer coefficient is increased by 70%. In case of SiO2/water 

nano fluid heat transfer coefficient for 0.2% conc. and 0.1% conc. is increased. 

 

VII. FUTURE SCOPE 
The ideas that we thought would be interesting for future work are as follows: 

1. Study can be performed using different positioning of plate heat exchanger. 

2. The studies can be performed using metallic nano-powders like ZnO, FeO2, CeO etc.  

3. Different kind of insertions can be used in concentric pipe heat exchangers. 
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