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Abstract— cooling is indispensable for maintaining the 

desired performance and reliability of a wide variety of 

products, such as computers, car engines and high powered 

laser. With the increase of heat loads and heat uses caused by 

more power and smaller sizes for these products, cooling is 

one of the top technical challenges faced by the industries like 

microelectronics, transportation, manufacturing, metrology 

and defense. However, with continued miniaturization, 

increasing heat dissipation and inherently low thermal 

conductivity is a primary limitation in developing energy 

coefficient heat transfer fluids that are required for ultrahigh 

performance cooling in new generations of products. 

Therefore, the cooling issue will intensify in many industries 

from electronics and photonics to transportation, energy 

supply, defense and medical. Development of the nano 

materials technology has made it possible to structure a new 

type of heat transfer fluids formed by suspending nano 

particles (diameter less than 100nm) in conventional base 

fluids like water and ethylene glycol. The nano particles 

suspended in a base liquid are in random motion under the 

inuence of several acting forces, which is a random function 

of time, and reacts the atomic structure of the medium. The 

exact role of this stochastic motion of nano fluid and energy 

transport inside the nanofluid is not well understood. Due to 

rapid fluid mixing reacts strengthens the energy transport 

inside the nanofluid by modifying the temperature proles. 

Experimental data indicates that particle size, volume fraction 

and properties of the nano particles inuence the heat transfer 

characteristics of nano fluid. Now, according to 

thermodynamics, the coefficiency of surface condenser is 

based on mass ow rate of cooling water. To reduce the mass 

flow rate of cooling water in surface condenser, some of the 

nano fluid are insert with them and measure various 

parameters like inlet & outlet temperature, mass flow rate etc. 

After that, by com-paring the costs of normal sea water and 

sea water with mixed nanofluid, a particular mass flow rate 

will be decided and from that volume concentration. From 

this mass flow rate and volume concentration of nano fluid, 

the optimization of condenser cost is down. 
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I. INTRODUCTION 

Now a day, due to the limitation of fossil fuel in the world, 

subject of energy consumption optimization in various 

industrial processes becomes very important. In chemical 

processes one of the most important devices related to energy 

and heat transfer is heat exchanger. For decades, efforts have 

been done to enhance heat transfer, reduce the heat transfer 

time, minimize size of heat exchangers, and nominally 

increase energy and fuel efficiencies, reduction in energy 

consumption is possible by improving the performance of 

heat exchanger systems and introducing various heat transfer 

enhancement techniques. Further enhancement in heat 

transfer is always in demand. 

 
Fig. 1: Heat Exchanger 

II. LITERATURE 

M. M. Elias, M. Miqdad, I. M. Mahbubul, R. Saidur, M. 

Kamalisarvestani, M. R.Sohel, Arif Hepbasli, N. A. Rahim 

and M. A. Amalina, 1993, presented Effect of NANO particle 

shape on the heat transfer and thermodynamic performance 

of a shell and tube heat exchanger. The authors studied that 

the ect of different NANO particle shapes on heat transfer 

characteristics and thermodynamic performance of boehmite 

alumina (-AlOOH) water/ethylene glycol NANO fluid was 

analyzed throughout this study and they concluded that best 

performance was found for cylindrical shaped NANO particle 

followed by bricks, blades, platelets and spherical shaped 

NANO particles, respectively. Cylindrical shaped NANO 

particle showed better performance in terms of thermal 

conductivity, heat transfer coefficients and heat transfer 

rate.L. Godson, K. Deepak, C. Enoch, B. Jeerson and B. 

Rajab presented Heat transfer characteristics of silver/water 

NANO Fuids in a shell and tube type heat exchanger, 2001, 

in which an experimental study is carried out to investigate 

the heat transfer characteristics of silver/water NANO fluids 

in a shell and tube heat exchanger. The experimental 

investigation shows the strong inuence of thermal 

conductivity on heat transfer process. The percentage 

increase in heat transfer co efficient of 0.01 %, 0.03% and 

0.04 % are respectively 9.2 %, 10.87 % and 12.4 %. It has 

been found out that the overall heat transfer co efficient and 

effectiveness of NANO fluids based heat exchanger is higher 

than that compared to water. M. A. Khairul, R. Saidur, M. M. 

Rahman, M. A. Alim, A. Hossain and Z. Abdin presented 

Heat transfer and thermodynamic analysis of a helically 

coiled heat exchanger using different types of NANO fluids, 

2013. From this, authors concluded that amongst the three 

NANO fluids, by using CuO/water NANO fluid, the heat 

transfer enhancement and reduction of entropy generation 

rate were obtained about 7.14 % and 6.14 % respectively. 

Furthermore, heat transfer co efficient was improved with the 

increasing of NANO particles volume concentration and 

volume flow rate, while entropy generation rate went down. 

This review shows that the CuO/water NANO fluids could 
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increase the heat transfer co efficient and decrease the entropy 

generation respectively i.e. higher exergy-effciency may be 

found. Sadik Kakac and Anchasa Pramuan Jaroenkij 

presented on Review of convective 9 heat transfer 

enhancement with NANO fluids, 2009 and they concluded 

that NANO fluids are considered to oer important advantages 

over conventional heat transfer fluids. Also they concluded 

that NANO fluids significantly improve the heat transfer 

capability of conventional heat transfer fluids such as oil or 

water by suspending NANO particles in these base liquids. 

Seontae Kim, HyungDae Kim, Hyungmo Kim, Ho Seon Ahn, 

Hangjin Jo, Joonwon Kim and Moo Hwan Kim presented that 

the Effects of NANO fluid and surfaces with NANO structure 

on the increase of CHF, 2010 and an authors are concluded 

that critical heat ux (CHF) has necessitated inconvenient 

compromises between economy and safety in most industries 

related to thermal systems. 

So, this review shows that, NANO particle 

deposition on the boiling surface was revealed to contribute 

to CHF enhancement. So, roles of wet ability and liquid 

spread ability were suggested as important contributors to this 

phenomenon. Mohammad Moghiman and Bentolhoda A. 

slain presented on Inuence of NANO particles on reducing 

and enhancing evaporation mass transfer and its efficiency, 

2013.In which, authors are considering the importance of 

evaporation in various practical applications, an experimental 

investigation on reducing and enhancing evaporation ability 

of different NANO particles was performed. A deliberately 

designed experimental device was used to measure the 

evaporation rate of NANO fluids at different air velocities. 

Aqueous NANO fluids with clay, TiO2, ZrO2, Fe2O3and 

Ni/Fe NANO particles at the various concentrations were 

studied. Also by experiments, authors are concluded that 

depending on the type of NANO particle, NANO fluid 

evaporation can be decreased or increased and NANO uid 

evaporation rate can be slowed down or enhanced. 

Also, TiO2 helps to reduce and clay helps to enhance 

the evaporation rate of their base fluid (Demonized Water). 

Naghmeh Jamshidi, Mousa Farhadi, Kurosh Sedighi and 

Davood Domeiry Ganji presented on Optimization of design 

parameters for NANO fluids owing inside helical coils, 2012. 

In this study, Water/Al2O3 NANO fluid is used in helical 

tubes. In which, authors are concluded that to analyze the heat 

transfer rate and pressure drop in helical coils, Nusselt 

number, friction factor and thermalhydraulic parameter are 

used. Numerical simulation and Taguchi method are used to 

investigate the react of fluid flow and geometrical parameters 

on JF factor. After simulations, Taguchi method is used for 

_ending the optimum condition for the desired parameters. 

Results indicate that NANO fluids improve the thermal 

hydraulic performance of helical tubes. On the other hand 

using NANO fluids don't change the optimized shape factors 

but temperature dependent properties alter the optimum 

particle volume fraction. Not only the thermal conductivity 

but also the viscosity is ejected by adding NANO fluids. By 

the comparison, it is revealed that adding NANO particles 

improve the thermal performance. Jaafar Albadr, Satinder 

Tayal and Mushtaq Alasadi presented on Heat transfer 

through heat exchanger using Al203 NANO fluid for 

different volume concentrations. Department of Mechanical 

Engineering, RK University, Rajkot 10 This article report is 

an experimental study on the forced convective heat transfer 

and flow characteristics of a NANO fluid consisting of water 

and different volume con- cent rations of Al203 NANO fluid 

(0.32) % owing in a horizontal shell and tube heat exchanger 

under turbulent own conditions are investigated. Authors 

conclusions have been obtained and are summarized as 

following: Dispersion of the NANO particles in to the 

distilled water increases the thermal conductivity and 

viscosity of the NANO fluid, this augmentation increases 

with the increase in particle concentrations. At a particle 

volume concentration of 2 % the use of Al2O3 /water NANO 

fluid gives significantly higher heat transfer characteristics. 

For example at the particle volume concentration of 2 % the 

overall heat transfer co efficient is 700.242 W/m2 K and for 

the water it is 399.15 W/m2 K for a mass flow rate of 

0.0125L/s so the enhancement ratio of the overall heat 

transfer co efficient is 1.754, this means the amount of the 

overall heat transfer co efficient of the NANO fluid is 57% 

greater than that of distilled water. As for Nusselt number, the 

value of Nusselt number for 2 % volume concentration is 587 

and for the distilled water it is 367.759 so the maximum 

enhancement ratio at 0.0125L/s is 1.596, this means that 

Nusselt number of the NANO uid is 62.6 % greater than that 

of distilled water. Friction factor increases with the increase 

in particle volume concentration. This is because of the 

increase in the viscosity of the NANO uid and it means that 

the NANO fluid incur little penalty in pressure drop. 

S. Zeinali Heris, M. Nasr Esfahany and S. Gh. 

Etemad presented on Experimental investigation of 

convective heat transfer of Al203/water NANO fluid in 

circular tube, 2007. In which, an authors studied that NANO 

fluids are suspensions of metallic or non-metallic NANO 

powders in base liquid and can be employed to increase heat 

transfer rate in various applications. In this work laminar ow 

forced convection heat transfer of Al203/water NANO fluid 

inside a circular tube with constant wall temperature was 

investigated experimentally. The Nusselt numbers of NANO 

fluids were obtained for different NANO particle 

concentrations as well as various Peclet and Reynolds 

numbers. Experimental results emphasize the enhancement 

of heat transfer due to the NANO particles presence in the 

fluid. Heat transfer co efficient increases by increasing the 

concentration of NANO particles in NANO fluid. Convective 

heat transfer of Al2O3/water NANO fluid in laminar ow 

through circular tube with constant wall temperature 

boundary condition was investigated experimentally. After 

that an authors concluded that experimental results indicate 

that heat transfer co efficient of NANO fluids increases with 

Peclet number as well as NANO particles concentration. The 

increase in heat transfer co efficient due to presence of NANO 

particles is much higher than the prediction of single phase 

heat transfer correlation used with NANO fluid properties. 

Department of Mechanical Engineering, RK University, 

Rajkot 11 Kanjirakat Anoop, Jonathan Cox and Reza Sadr 

presented on Thermal evaluation of NANO fluids in heat 

exchangers, 2013. In which, an authors studied that thermal 

performances of NANO fluids in industrial type heat 

exchangers are investigated. Three mass particle 

concentrations of 2 %, 4 %, and 6 % of silicon dioxide water 

(SiO2water) NANO fluids are formulated by dispersing 20 

nm diameter NANO particles in distilled water. After an 

experiments, authors concluded that both augmentation and 

deterioration of heat transfer co efficient for NANO fluids 
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depending on the own rate and NANO fluid concentration 

through the heat exchangers. This trend could be explained 

by the counter effect of the changes in thermo-physical 

properties of fluids together with the fouling on the contact 

surfaces in the heat exchangers.  

The measured pressure drop while using NANO 

fluids show an increase when compared to that of base fluid 

which could limit the use of NANO fluids in industrial 

applications. B. Farajollahi, S. Gh. Etemadand and M. Hojjat 

presented on Heat transfer of NANO fluids in a shell and tube 

heat exchanger, 2010. In which, authors studied that heat 

transfer characteristics of Al203/water and TiO2/water 

NANO fluids were measured in a shell and tube heat 

exchanger under turbulent ow condition. The effects of Peclet 

number, volume concentration of suspended NANO 

particles, and particle type on the heat characteristics were 

investigated. After that, authors are concluded that based on 

the results, adding of NANO particles to the base fluid causes 

the significant enhancement of heat transfer characteristics. 

For both NANO fluids, two different optimum NANO 

particle concentrations exist. Comparison of the heat transfer 

behavior of two NANO fluids indicates that at a certain Peclet 

number, heat transfer characteristics of TiO2/water NANO 

fluid at its optimum NANO particle concentration are greater 

than those of Al2O3 /water NANO fluid while Al2O3 /water 

NANO fluid possesses better heat transfer behavior at higher 

NANO particle concentrations. H. A. Mohammeda et al. 

tested the new heat transfer fluids engineered by dispersing 

NANO particles having smaller diameter than 100 nm into 

the base fluid are called as NANO fluid. Using NANO fluids 

in heat exchange systems enhances thermal conductivity. 

Heat transfer co efficient increases by the increase of the 

thermal conductivity. Farajollahi et al. performed an 

experimental analysis to study heat transfer of NANO fluids 

in a shell and tube heat exchanger. The NANO fluids used 

were Al2O3 /water and TiO2/water under turbulent ow 

conditions to investigate the effects of Peclet number, volume 

concentration of suspended particles, and particle type on the 

heat transfer characteristics. The results indicate that addition 

of NANO particles to the base fluid enhances the heat transfer 

performance and results in larger heat transfer co efficient 

than that of the base fluid at the same Peclet number. Mapa 

and Mazhar tested the effect of NANO fluids in mini heat 

exchanger. Their experiments tested the heat transfer 

performance in the heat exchanger using water/water as 

working fluids, and using water and NANO fluid with 

concentration of 0.01 % and 0.02 % volume. They concluded 

that NANO fluids enhance the heat transfer Department of 

Mechanical Engineering, RK University, Rajkot 12 rate, and 

stated that the presence of NANO particles reduced the 

thermal boundary layer thickness. 

Sepehr Sanaye and Hassan Hajabdollahi analyzed 

that a shell and tube type heat exchanger was optimally 

designed by de_ning two objective functions, total cost and 

effectiveness. In which the effectiveness is maximized and 

total cost is minimized. 

Ramesh R. and Dr. R. Vivekanantham study that 

application of Al2O3 NANO fluid for enhance the heat 

transfer rate and thermal properties and in which they 

analyzed that heat transfer co efficient increases by increasing 

the concentration of NANO particles in NANO fluid up to 

certain level. To interpret the experimental results and 

deviation from the experiment equations it should be noted 

that enhancement of heat transfer greatly depends on particle 

type, particle size, base fluid, ow regime and specially 

boundary condition. The increase in heat transfer co efficient 

due to presence of Al2O3 NANO particles is much higher 

than the conventional fluids and hence the shell and tube heat 

exchanger using NANO fluid as a coolant has higher heat 

transfer rate than the conventional shell and tube heat 

exchanger. 

III. CONDENSER PARAMETER VARIOUS ASSUMPTIONS FOR 

HEAT EX-CHANGER 

1) The heat exchanger operates under steady state 

conditions. 

2) No phase change occurs; hot and cold both 

fluids are single phase and are unmixed. 

3) Heat losses are negligible 

4) The temperature in the fluid streams is uniform 

over the flow cross section. 

5) There is no thermal energy source or sink in the 

heat exchanger. 

6) The fluids have constant specific heats. 

7) The fouling resistance is negligible. 

A. Cooling Water Parameters 

 Mass Flow Rate = 7.083 kg/s 

 Cooling Water Inlet Temp = 33 C 

 Cooling Water Outlet Temp = 45 C 

 Temp. Difference, _T = 12 C 

B. Steam Parameters 

 Steam Inlet Temp = 150 C 

 Steam Outlet Temp = 90 C 

 Temp. Difference, T = 60 C 

C. Tube Parameters 

 No. of Tubes = 348 

 Length of Tubes = 3000 mm 

 Outside Diameter of Tube = 60.30 mm 

 Inside Diameter of Tube = 54.00 mm 

 Wall Thickness of Tube = 06.30 mm 

IV. DATA PROCESSING 

 
Fig. 2: % Volume Concentration Vs Density[4] 

Heat Duty of the Condenser [4] 

Q = m *Cp *T = (7:083) *(4:186) * (12) = 355:80kW 

Density of Nanofluid (Al2o3)[4] 

Pnf = [(1 - ɸ)pf + (Pp)] 
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Where, 

pf = Density of Base Fluid (Water) 

pp = Density of Nano Particle 

ɸ = Volume Concentration   

Sr. No Volume Concentration (%) Density (Kg/M3) 

1 1 990.0397 

2 2 980.125 

3 3 970.265 

4 4 960.2365 

5 5 950.2653 

6 6 940.265 

7 7 930.256 

8 8 920.1265 

9 9 910.256 

Table 1: Density of Nano Fluid for Different Volume 

Concentration 
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