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ABSTRACT

The pool boiling offers better answer for electronic hardware cooling. The prime 

necessity for better heat transfer in pool boiling is to improve critical heat flux and heat transfer 

coefficient. The surface alteration is one of the significant methods to upgrade energy transfer in 

multiphase heat transfer. The DC sputtering is one of the common surface modifications 

technique in which we can deposit a thin film of nano material over the entire surface. The 

wettability is one among all components to be considered in energy improvement. In this current 

work the copper surface is changed with three different thicknesses of Titania thin film coating 

with the help of DC sputtering machine. The wettability nature of the surface is estimated by 

water contact angle. The water contact angle shows the surfaces are in the nature of hydrophilic 

and superhydrophillic. The examination report shows the heat transfer coefficient and critical 

heat flux are improved for TiO2 surfaces. 

1. Introduction

Chi Young Lee et. al [1] anodizing technique for creating nano surface on metal substrate 

. In this experiment nano porous surfaces fabricated by low cost and anodizing technique and 

investigated with water. The wall superheat of nano porous surface was established lower when 

compared to ordinary surface in 500 hours of operation. They also reported that the transfer 

coefficient of pool boiling with water on nanoporous surface achieved in this investigation was 

very high.  Sang M. Kwark et. al [2] conducted the parametric test then he has observed the roll 

of the nano particle size, heater size. Due to pool boiling of water using Al2O3 nanoparticle is 

coated in flat heater while comparing the normal and nano coated heater, the critical heat flux 

and growth of bubbles rate will be high. Chin chi-Hsu et.al   [3] investigated through the surface 

wettability on the pool boiling heat transfer. The copper surface is coated by the nano-silica 

particles than the surface is modified to super hydrophilic and super hydrophobic by modifying 
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the surface topography. They found that critical heat flux is higher in the hydrophilic while 

comparing the hydrophobic. Then that surface wettability and bubble growth is higher in the 

hydrophilic. ZahraShahmoradi  et.al [4] investigated the experiment is done on the flat plate 

heater on aqueous Nano fluid based on AL2O3 of nucleate pool boiling. The critical heat flux 

increases when the nano fluid boiling of heat transfer coefficient reduces. Critical heat flux 

increased with the volume fraction of nanoparticles. The image of atomic force microscope from 

boiling surface shows that after boiling of nano fluid surface increases or decreases depending on 

heater surface initial condition. MukulRay et.al [5] In the hearing, the pool boiling experiment 

will be conducted based upon the modification of parameters like operating pressure, 

temperature, surface roughness, surface orientation etc to enhance the heat transfer coefficients 

and created by eco-friendly So he will use the environmental friendly refrigerant R134a liquid at 

pool temperature of 25C on the flat copper surface. The surface is modified through the TiO2 thin 

film coating with the thickness of 100nm and 200nm by EBE method. The surface will be 

characterized by roughness, thickness, SEM and AFM. While comparing the plain, 100nm, 

200nm. The heat transfer coefficient and critical heat flux will be enhanced in the nano-coated 

surface. PeterVassallo [6] Et al reviewed that the experiment will be conducted in the 

atmospheric pressure in water and silica nano solution. The 0.4mm of NiCr nanowire will be 

used. The nano solution and micro solution ware been compared he observed the CHF will be 

higher in the nanofluid. Z.Yao et.al[7] If he used a (CuNW) copper nanowire is developed Over 

the si substrate by electrochemical deposition the height of the nanowire will be controlled to 

obtain the hydrophilic surface, the height of the nanowire will be varied to obtain the different 

output. He observed that the nano wire size of (35um-tall sinw) will give the heat flux of 

134W/cm² at 23k wall superheat. The coated surface will give 300% higher than the plain 

surface. LanMao et.al [8] conducted the experiment of graphene oxide (GO) is coated on the 

copper surface. He will conduct the subcooled and saturated pool boiling on nucleate pool 

boiling set up. He will conduct the experiment on distilled water at atmospheric pressure. When 

compared to the plain surface the enhancement of critical heat flux is 78% and the heat transfer 

coefficient is 41% in the coated surface. The surface roughness and wettability will be increased 

in the coated surface. The micro bubble also appears in the moderate heat flux.  Hiroto sakashita 

et.al [9] used the titanium oxide coated surface to identify the critical heat flux under saturated 

pool boiling of water on 12mm horizontal heating surface. The TiO2 coated surface formed 
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during nucleate boiling of TiO2 on the plain heating surface. The CHF in coated surface would 

increase 1.8 times than the uncoated surface. The liquid vapor structure differs from the uncoated 

surface. The monolayer would form on the Titanium oxide   but it would not dry out heat flux 

higher than uncoated surface. Chin Chi Hsu, et.al [10] Using the nano-silica particle coating is to 

identify surface wettability and CHF on pool boiling heat transfer. By modifying surface 

topography and chemistry the wettability can vary on the copper surface from super hydrophilic 

to super hydrophobic. The CHF value is high in hydrophilic region and lower in hydrophobic 

region. The study shows the connection between surface wettability and growth of bubble on 

heating surface. Albin joseph et.al [11] Investigate the experiment considering the impact of 

nano-copper oxide covering on the pool bubbling warmth move upgrade of SS 316 LN tempered 

steel. The covering was created utilizing the sol-gel plunge covering system. The Scanning 

Electron Microscopic and X-Ray Diffraction mechanical assembly were utilized to investigate 

morphological and basic qualities of the covering. The outcomes uncover as much as 30% 

expansion in the bubbling warmth move coefficient for the sol-gel inferred copper oxide covered 

bubbling surface contrasted with its plain partner. The covering was found to tailor the porosity, 

harshness and wet of the surface. The warmth move coefficient expanded with an expansion in 

porosity, unpleasantness and reduction in wettability of the bubbling surface. Investigation of 

change results uncovered that the molar centralization of the copper oxide sol was the most 

noteworthy parameter impacting the warmth move coefficient while contamination temperature 

was the least huge parameter. Nithyanandam et. al [12, 13, 14] conducted investigations in 

boiling heat transfer and reported that the wettability played a crucial factor for the enhancement 

of critical heat flux and heat transfer coefficient. The reported that the critical heat flux 

enhancements ranges from 48% to 90% for the nano roughness surfaces because of thin film. 

The present study reveals that the 

2. Experimental Setup

The work could be done on the three coated and one un-coated copper piece and test 

could be taken on the piece to check the wettability. The copper piece is of 12mm diameter and 

3mm thickness and the work piece is coated with TiO2 to identify the CHF and the HTC. The 

surface is rubbed on the emery sheet to tackle the roughness. The polished piece is under gone to 

testing. The polished copper piece is coated by the DC sputtering method the coating had done 
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on three different thicknesses of 250 nm, 500 nm, and 750 nm and takes to test the contact angle 

with the help of the telescopic goniometer. The liquid droplet of 3μl is filling through the needle 

on the copper surface to check the contact angle. The contact angle of the surface is based upon 

the scattering of water through the surface. 

Figure 1 Schematic representation of Pool boiling setup.

1.Presuregauge, 2.Condensing coil, 3.Waterheater, 4.Water heater, 5.Teflon plate, 6.Drain valve, 7.Outer 
frame, 8.Glass wool, 9.Heater block, 10.Heater, 11.Nozzle (to fill the water), 12.Glass,13.Thermocouple, 14. 

Thermocouple, 15. Display, 16. Regulator 

The contact angle of plane copper surface is 85o. The contact angle of 250nm coated surface is 

60o. The contact angle of 500nm coated surface is 35o. The contact angle of 750nm coated 

surface is 29o. It shows clearly that the TiO2 coating can helps to get low contact angle while 

compared through the plain surface. This surface modification can help us to enhance energy on 

the surface it can improve wettability. Due to this coating the surface can be converted to 

hydrophilic nature it can enhance the heat transfer. The experimental setup is the basic formation 

of boiling. The whole experiment setup shown in Fig.1 consist of Teflon plate to maintain the 
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temperature, heater to boil the water, copper rod to transfer heat on the work piece, condenser is 

setup for maintain at temperature at constant rate by inserting cold water. The reading setup is 

fixed with the pool boiling to calculate the CHF and the heat transfer rate. The coated piece is 

fixed at the center of the Teflon plate. The bottom surface of the piece is filled with thermal 

paste. The bottom of the Teflon plate consist of copper rod which heat the work piece and the 

heater is connect with the voltage regulator in order to change the load of the cooper rod. The 

reading gauge having the separate measurements of pool boiling T1, T2, T3, T4, and T5. The 

distilled water is pour to the glass chamber. The chamber is of 30 cm height in which water is 

filled at constant level. The heater and the condenser get inserted to the chamber and close with 

the plate and the gasket at top and bottom of the chamber to avoid leakage.  At top of the plate 

consist if pressure gauge and the pressure regulator. The water get filled on to the chamber and 

the gets heated at 100oC. The boiled water gets heated and the reading setup is noted. To avoid 

over heating the water at above the saturation level the pipe which connect to the cold water arise 

to the condenser to keep the water at saturation temperature.  

3. Results and Discussion

3.1 Surface study

The wettability of the surface identified with the contact angle. The three copper surfaces 

will be modified with three different parameters of 250 nm, 500 nm, and 750 nm. This process 

will be done by the help of dc sputtering machine. The nucleation sites were increasing for the 

TiO2 coated surface while compared to plain surface. The table 1 shows the wettability varies 

with contact angle.

contact angle Degree of wetting 

        Interaction strength

Solid–liquid Liquid–liquid

θ = 0 perfect wettability Strong Weak

0 < θ < 90° High Wettability Strong Strong

Weak Weak

90° ≤ θ < 180° Low Wettability Weak Strong
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The plain and uncoated copper surface has a contact angle of 85 degree, The 250nm 

coated surface has a contact angle of 50 degree, The 500nm coated surface has a contact angle of 

25 degree, The 750nm coated surface has a contact angle of 19 degree. The surface energy of the 

copper will be increased through the TiO2 coating over the surface. The hydrophilic nature of the 

surface will improve the critical heat flux of boiling heat transfer. 

3.2 Critical heat flux analysis

In higher the critical heat flux was observed and higher wettability will be obtained due 

to the coating. Due to the higher wettability we can obtain more nucleation sites and we can 

obtain more contact between water and surface and due to the higher contact we can obtain the 

higher heat transfer. The critical heat flux value was obtained by Fourier law of heat conduction 

and Taylor series equation.

The heat flux, q, is calculated from the following equation.

   q = -k. 

 Where   = Temperature gradient

Temperature gradient is determined from the Taylors series approximation as given below            

             = 

The surface temperature, Tw, is evaluated from the Fourier’s law of heat conduction equation

          Tw = T1 – q ()

Finally the boiling heat transfer coefficient, h, was determined from Newton’s law of cooling

    h = 

Where the Tw is surface temperature of the test specimen and Tsat is the temperature of the 

saturated fluid. Thus the increase in nucleation sites will clearly show that the critical heat flux is 

increased in orderly by 35%, 49% and 72% for different thickness of 250nm, 500 nm, and 

750nm, respectively. The Fig. 2 demonstrates the variation of heat flux with wall superheat. 
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Figure 2 Heat flux versus wall superheat for Titania coated surfaces

3.3 Study on boiling heat transfer coefficient

Figure 3 Heat transfer coefficient versus wall superheat for Titania nanocoated surfaces

In hear the boiling heat transfer co efficient will be increased during nucleate pool boiling 

method at all TiO2 coated surfaces. The boiling heat transfer coefficient was increased for TiO2 

coated surface at the same time it will be very minimum in the uncoated surface. The HTC 
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increased continuously by 45%, 89%, 122% for the coated surface at the thickness of 250 nm, 

500 nm, and 750nm, respectively. The variation of heat transfer coefficient with wall superheat 

was shown in Fig. 3

4. Conclusion

Due to the TiO2 coating we can get the higher wettability on the copper surface as of 

decreasing contact angle. Then we can get more number of active nucleation sites ware formed 

on higher thickness of coated surface. The copper surface delivered the hydrophilic nature and it 

was the due reason transfer of energy in multiple phase transfer of heat. The Critical Heat Flux 

was increased by 38%, 58% and 80% for different thickness of 250 nm, 500 nm, and 750 nm, 

respectively. The major reason for critical heat flux enhancement was high surface wettability at 

higher thickness of the coating. Also, the more nucleation sites have been participated to enhance 

the critical heat flux and heat transfer coefficient. At higher thickness of the coating, more area is 

exposed for heat transfer. So, higher heat transfer coefficient has been achieved in titania nano 

coated surfaces. The capillary effect and wetting and rewetting property of the nanocoated 

surface influenced the enhancement of heat transfer coefficient in pool boiling process. The 

desirable safety characteristics and performance characteristics of the surface may be employed 

for electronics cooling and nuclear reactor cooling applications.
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