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Abstract:-  An experimental study  using nano particles of Aluminium di oxide, Silicon di 

oxide etc  on various geometrical groove design like Triangular, Circular and Trapezoidal has 

been performed. The effect of the nanoparticles on the surface heat transfer and friction 

characteristics of a turbulent air flow in different groove tubes is presented.  The Reynolds 

range chosen for the test ranges from 10000-40000 for Triangular, Circular and Trapezoidal 

grooves. The nanofluids of Al2O3, CuO, SiO2 and ZnO are the nanofluids used for the 

purpose of creating turbulence for better heat enhancement. The effect of variation in the 

Volume fraction of SiO2 was examined and it is observed that on circular groove the greater 

the volume fraction better is heat transfer characteristics. Similarly effect of variation in 

diameter was observed on circular groove with SiO2, lower the diameter of the nanoparticles 

better is the performance. This comparative study is expected to help the designers to choose 

the right type of groove geometry for the application.  

Key Words:-  Groove, Ribs, Geometry, Circular, Trapezoidal, Rectangular, Volume fraction, 

Nano fluids. 

 

 

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 5, Issue 12, December 2018

ISSN NO: 0972-1347

http://ijics.com134

mailto:bharathi91221@gmail.com


1. Introduction:-  

 In heat exchanger, forced convection method of heat transfer is the frequently adopted 

method.  This goes true with other processes like chemical and HVAC manufacturers. 

Turbulence promoters like welded ribs or wires or grooves is the most adopted method for 

enhancing the heat transfer. These methods would set up periodic disturbance along the steam 

direction thereby enhancing the performance of the heat exchangers, but penalises   with the 

increase in pressure drop. Most common geometric shapes are rectangular, triangular, square 

and circular.  The artificial groove in conjunction with nanoparticles is expected to be a very 

good augmenter for the heat transfer.  Nanofluids are a type of fluids which has suspended 

nano particles such as metals and oxides. The nano particles remain suspended in the base 

fluid. Thus the penalty of pressure drop due to increase in heat transfer is overcome using 

nanofluids. Compared to base fluids alone, embedding nanofluids has shown higher thermal 

conductivity and convective heat transfer coefficient.  

 San and Huang (2006) tentatively researched the head exchange improvement of 

transverse ribs in roundabout tubes with a length-to-distance across proportion of 87. The 

mean Head exchange and grating information were gotten for the air flow began from the 

passage. An isothermal surface condition was considered. The rib pitch-to-tube breadth 

proportion (p/d) was in the range 0.304– 5.72; the rib tallness to-tube distance across 

proportion (e/d) was in the range 0.015– 0.143; the considered Reynolds number (Re) was in 

the range 4608– 12,936. The mean Nusselt number (Nu) and grinding factor (f) were 

exclusively correlated as an element of the rib pitch-to-tube measurement proportion (p/d) of 

the range 0.304– 5.72 and the rib stature to-tube width proportion (e/d) in the range 0.015– 

0.143. Ceylan and Kelbaliyev (2003), proposed a connection for the contact consider 

appropriate the area of transition to the completely created turbulent flow administration. 

Utilizing this relationship, some new estimate recipes were proposed to anticipate the 

convective Head move coefficients in the channels with a relative harshness of e/D 6 0.05. 

The viability parameter for the Head exchange was examined as an element of the pipe 

harshness, Reynolds number and Prandtl number. The impact of fouling was additionally 

briefly examined.  
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 Webb et al (1971). Examined the Head exchange and fluid erosion for completely 

created turbulent flow in tubes with transverse ribs. The tubes were organized with a steady 

surface Head flux condition. An arrangement of connections of Stanton number and contact 

factor was acquired. The Head move in a roundabout tube with a support like blockage was 

examined by Sparrow et al (1980). The Head exchange improvement was observed to be 

viable inside a separation of 10 tube distances across downstream of the blockage. Kiml et al 

(2004),studied the calculated ribs mounted on the inward surface of a tube with an a glee 

between the plane of each rib and the mean flow course of 75°, 60° and 45° for the calculated 

ribs and 90° for the transverse ribs. Head exchange analyze, flow perception explore and 

numerical recreation were led keeping in mind the end goal to clear up the flow structure and 

its impacts on the circumferential Head exchange distribution(Gee et al (1980) and liu et al 

(2001) ).  

 Notwithstanding, the rib-prompted auxiliary flow structure incited just a solitary 

vortex, like that actuated by the corrugated tubes. Goto et al (2001&2003), investigated the 

build up and vanishing expansions in inside notched tube. The measured information yields 

an arrangement of Nusselt number connections.  

 Pingan et al (2010), utilized standard k − ε turbulence show and upgraded divider 

treatment to examine the stream field, Head exchange and opposition coefficient in two-

dimensional channels with various ribs (rectangular/trapezoidal/triangular/semi roundabout 

cross segment). Eiamsaard and Promvonge (2009) played out the consolidated impacts of 

rib– notched tabulators on the turbulent constrained convection Head exchange and contact 

qualities in a rectangular channel under a uniform heat flux boundary condition (UHF). 

Promvonge and Thianpong(2009) evaluated turbulent constrained convection Head exchange 

and contact misfortune practices for wind stream through a steady Constant heat flux 

channel(CHF) fitted with various molded ribs. The rib cross-segments utilized were 

triangular (isosceles), wedge (right-triangular) and rectangular shapes.  

 Vicente (2004), there were likewise thinks about looking at the helically corrugated 

tubes. The ridged tubes instigate an optional flow in a type of a solitary vortex. There have 

been additionally contemplates analyzing the impacts of ribs as optional flow inducers with 

the helically rib-roughened tubes. Some of studies researching heat exchange and rubbing 
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coefficients were directed in wound wires tubes {Zdaniuk et al (2007)}, V-spout tabulators 

without and with snail section, cone like ring tabulators, and curved tape embed. All 

additions were embedded into the tube by divider joined position, with the exception of bent 

tape. They carry on like ribs or fins on the internal surface of the tube. The system of Head 

exchange improvement by the supplements depends on the flow partition and reattachment 

and gives the twirl impact to the fluid flow through the tube. On the off chance that the 

optional flow happens, the thickness of both speed and Head limit layers on the divider will 

wind up more slender and the Head move in that locale will be enlarged.  

 Jaurker et al(2006) exhibited the Head exchange and contact attributes of rib-

furrowed counterfeit harshness on one expansive Headed mass of an extensive perspective 

proportion pipe demonstrates that Nusselt number can be additionally improved past that of 

ribbed channel while keeping the rubbing factor upgrade low. Manca et al (2011) displayed a 

numerical examination on air constrained convection in a rectangular channel with steady 

Head motion connected on the base and upper outer dividers. Thinapong et al (2009) 

introduced an exploratory examination on turbulent Head exchange and contact misfortune 

practices of wind current through a steady Head transition (CHF) channel fitted with various 

statures of triangular ribs.  

 There are various examinations utilizing the occasional and completely created ideas 

on fluid flow and Head exchange for the parallel plate channels with intermittently notched 

parts. Ghaddar et al (1986). Sunden et al (1989) and Pereira et al (1993) investigated the flow 

in channels with rectangular furrows on one plate. They indicated complex flow examples, 

for example, partition, recirculation, reattachment and deflection. Bilen and Yapici (2002), 

contemplated the impact of introduction edge of the turbulence promoters set on the one 

rectangular channel divider on the Head exchange.  

 It was re-ported that the promoter introduction point of 45 gave the highest Head 

exchange. Wang and Sunden (2007), considered the Head exchange and contact attributes in 

a square channel roughened by various-formed transverse ribs on one divider. In an 

investigation of Tanda (2004), the ribs, having rectangular or square segments, were sent 

transverse to the principle course of the flow or V-molded with an a flow of 45 or 60 deg in 

respect to the flow heading. The impact of continuous and broken ribs was additionally 
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considered. Chang et al (2008). Explored the unpleasantness with V-molded ribs and 

developed scales on the Head exchange and grinding coefficient in a rectangular channel. The 

outcomes were acquired for both forward and in reverse flows.  

 The genuine impact of a proposed expansion system on thermodynamic execution can 

be assessed by contrasting the entropy age rate of the Head trade mechanical assembly when 

the utilization of the increase method. Minimization of entropy age in any procedure prompts 

the conservation of valuable vitality. A thermodynamic reason for assessing the improvement 

methods by second law examination has been expert postured by Bejan (1996). 

 A few examinations have been accounted for in the writing on the convective Head 

move in nanofluids; see, for instance, Nguyen et al (2007), explored tentatively the conduct 

and Head exchange improvement of Al2O3/water nanofluid streaming inside a shut 

framework that is utilized for cooling of smaller scale electronic parts. For a 6.8 vol % focus, 

the Head exchange coefficient was found to increment as much as 40% contrasted with that 

of the base liquid. Liu et al (2006) researched the Head conductivity of copper– water 

nanofluids delivered by compound diminishment technique. Results indicated 23.8% change 

at 0.1% volume portion of copper particles. Higher Head conductivity and bigger surface 

region of copper nanoparticles were ascribed to this change. It was additionally noticed that 

Head conductivity increments with particles volume portion however it diminishes with the 

slipped by time. Mo-hammed et al(2012), examined Head and water powered attributes of 

turbulent nanofluids stream in a rib– groove channel.  

 The outcomes demonstrated that the rectangular rib– triangular notch has the most 

astounding Nusselt number among other rib– groove shapes. The SiO2 nano fluid has the 

most noteworthy Nusselt number contrasted and other nano fluid writes. It was discovered 

that the Glycerin– SiO2 demonstrates the best Head exchange upgrade contrasted and other 

tried base liquids. Abed et al (2015), displayed a numerical investigation of the Head 

exchange and stream qualities in layered with V-shape bring down plate utilizing nanofluids. 

The calculations are performed uniform Head transition over a scope of Reynolds number 

(Re) 8000– 20,000. They found that these V-molded wavy channels have favourable 

circumstances by utilizing nanofluids and therefore fill in as promising contender for joining 

into proficient Head exchange gadgets.  
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 As of late, nanofluids have been used in various ventures and propelled the scientists 

in various fields of concentrate by logical and numerical strategies .Anyway to the best of my 

insight, the nano fluid course through the even channel having distinctive rib– groove shapes 

utilizing nanofluids, especially on account of turbulent constrained convective stream, has 

been not researched before. 

 The present study examines two dimensional turbulent forces convective flow in a 

horizontal channel having different groove shape like circular, trapezoidal and triangular by 

using different kind of nanofluids Al2O3, CuO, SiO2 and ZnO. The nanoparticles of 5 % is 

used at the diameter of 30nm . The base fluid is chosen as water and the Reynolds number 

that has been proposed for the work is from 10000 to 40000. 

 

Nomenclature        

u Velocity component at x-direction, (m/s) 

v             Velocity component at y-direction, (m/s) 

A  Convection heat transfer area of Rectangular channel, (m2)      

Al2O3  Aluminium Oxide       

CuO  Copper Oxide        

Cp  Specific heat at constant pressure, (J/Kg K) )   

Dh Hydraulic diameter, m; [¼4WH/2(WþH)]     

dp Diameter of nanofluid particles, (nm)     

d Depth of grooved surface, (m)  

e Rib height, (m) H Channel Height, (m)  

h Convective heat transfer coefficient, (W/m2 K)    

H2O  Water β Modeling function 

k Thermal conductivity of the fluid, (W/m K)     

L  Length of channel, (m)        

Nu  Nusselt number        

q  Heat flux, (W/m2)           

SiO2  Silicon dioxide 

η  Thermal enhancement factor 

ν  Kinematic viscosity of the fluid, 

φ  Volume fraction, (%) 

Re  Reynolds number 

ρ  Density of the fluid, (kg/m2) 

ZnO  Zinc oxide 

w  Width of rib–groove, (m) 

W  Width of the channel, (m) 

x  Distance along the x-coordinate, (m) 

X  Distance along the non-dimensional x- coordinate, (x/W) 

Y  Distance along the non-dimensional y- coordinate (y/W) 

μ  Dynamic viscosity of the fluid, (Pa s) (m2/s) 

 

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 5, Issue 12, December 2018

ISSN NO: 0972-1347

http://ijics.com139



 

 

 

 

 

 

 

Fig. 1.Schematic diagram of the experimental apparatus. 

 

 

Fig. 2. The geometric shapes of the grooved tube, dimensions in mm (a) circular, (b) rectangular and (c) trapezoidal 

grooves. 
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  The hydrodynamic development section has length of 70D and the test section is of 

length 30 D and the exit section contribute to the circular channel section. The volumetric 

flow rate of the test air is measured at a point before the hydrodynamic development section 

using a venture flow meter. The temperature of the room air is sucked and it is exhausted into 

the atmosphere through the test section by the centrifugal fan. This section is made up of 

stainless steel of inner diameter of 40 mm. Venture flow meter also measures the mass flow 

rate of the test air. The flow is controlled by control valve placed at the exit of the fan. 

Uniform temperature is established with the support of mixing chamber after the test section.  

A constant heat flux condition along the tube wall is established by wrapping a variable 

heater, which is controlled by a voltage alternator. The experiment was performed at a 

constant power of 200 W (Qvol) . Insulation is provided on the inside of the test section using 

glass wool to minimise the heat losses. Ten T type thermocouples were located at various 

points of the test tube in a row at equal intervals to measure the wall surface temperature. One 

thermocouple at the input point and one output point of the mixing chamber and two is placed 

on the tube insulation.  The ambient temperature was also measured at the same time.   

 A calibrated copper constantan thermocouple within range 0.1 degree Celsius. The 

data logger logs in the data from the thermocouple via a data acquisition card on to the 

computer. Advantech 818 HG and 8115 terminal board is preferred in the case. The average 

of this data is taken as the steady state temperature of the test surface. The temperature taken 

along the test tubes were averaged to get the surface temperature of the wall. This experiment 

took about 90 minutes to reach the steady state. Electronic pressure transmitter was used to 

measure the pressure difference between the inlet and the outlet of the test section.  

 A commercial pipe was taken for the experimental purpose for this application. The 

tube has a thickness of 5mm. Groove depth was chosen to be 4 mm and the pipe thickness t is 

4mm. Three different geometrical grooved tubes are used in the current study, they being 

circular, square and trapezoidal. The depth were fixed as 4 mm and length as 8 mm. Number 

of grooves n= 96 for circular and rectangular and n=75 for trapezoidal. Length of the tube 

remaining same, the machining has been varied for all the 3 geometrical figures. Intricate 

machining was done on the pipe length at the inner surface of the pipe.  

 Al2O3, CuO, SiO2 and ZnO are the nanoparticles which are used along with water for 

creating turbulence. 
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2. Standard k-e model:-  

In the Cartesian tensor framework these conditions can be composed as: Continuity 

condition: 

∂_(ρui ) = 0 

∂xi 

Momentum equation: 

 

Energy equation: 

 

whereΓ and Γtare molecular thermal diffusivity and turbulent thermal diffusivity, 

respectively and are given by 

 

 

The turbulent viscosity term μtis to be computed from an appropriate turbulence 

model. The expression for the turbulent viscosity is given as 

 

TheReynoldsnumber,theNusseltnumber,andthefrictionfactorareexpressedbythefollow 

ingrelations 
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where: Tw and Tb represent the wall temperature and bulk temperature, respectively. To 

attain accurate prediction in the rib–groove channel, the standard k − ε turbulence 

model, the Renormalized Group (RNG) k − ε turbulence model were selected. To 

evaluate the pressure field, the pressure–velocity coupling algorithm SIMPLE was 

selected 

 

3. Thermo physical properties of nanofluid:- 

 

Simulation of nanofluids is based on the thermal properties of nanofluids. The nano particles 

being used are Al2O3, CuO, SiO2 and ZnO. The effective properties of mass density, specific 

heat, thermal conductivity and viscosity are actually calculated according to the mixing 

theory.  

  

 Fig. 3 Grid Independence Test results. Mesh Face 
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Fig.4 The variation between Nusselt numbers with Reynolds number for smooth channel of the present work with the 

results of Dittus–Boelter equation  

 

 

Fig.5 The variation between Nusselt number with Reynolds number of the present work with the results of Eiamsa-

ard and Promvonge 

 

Table-1  The values of β for different particles. 
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Type of particles  β    Concentration (%)  Temperature 

(K) 

Al2O3   8.4407(100ϕ)
 —1.07304   1% < φ <10%    298 K<T <363 

K 

CuO   9.881(100ϕ)
—0.9446   

1% < φ <6%    298 K<T <363 

K 

SiO2   1.9526(100ϕ)
—1.4594   

1% < φ <10%   298 K<T <363 

K  

ZnO   8.4407(100ϕ)
 —1.07304 

  1% < φ <7%   298 K<T <363 

K 

 

 

 

4. Results and Discussion:-  

 

4.1 Effects of different types of nanoparticles:-  

Four types of nanoparticles Al2O3, CuO, SiO2 and ZnO and pure water are used as the base 

fluid. The concentration used in this case is 5 % and the diameter of the nano particle is 30 

nm. The Nusselt number and Reynolds Number are tabulated as per the below table. 

Table-2-Trapezoid 

 
Re Nu Re Nu Re Nu Re Nu 

Water 10000 280 20000 340 30000 400 40000 440 

CuO 10000 285 20000 360 30000 420 40000 460 

ZnO 10000 290 20000 370 30000 425 40000 475 

Al2O3 10000 295 20000 375 30000 430 40000 480 

SiO2 10000 320 20000 380 30000 450 40000 490 

 

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 5, Issue 12, December 2018

ISSN NO: 0972-1347

http://ijics.com145



 

 

Fig.6 Trapezoid 

Table-3-Circular 

 
Re Nu Re Nu Re Nu Re Nu 

Water 10000 300 20000 360 30000 420 40000 450 

CuO 10000 305 20000 365 30000 422 40000 465 

ZnO 10000 310 20000 370 30000 428 40000 470 

Al2O3 10000 315 20000 372 30000 432 40000 475 

SiO2 10000 340 20000 400 30000 460 40000 520 
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Fig.7 Circular 

 

 

Table-4-Rectangular 

 
Re Nu Re Nu Re Nu Re Nu 

Water 10000 260 20000 300 30000 370 40000 420 

CuO 10000 265 20000 310 30000 375 40000 425 

ZnO 10000 270 20000 315 30000 380 40000 430 

Al2O3 10000 272 20000 320 30000 400 40000 440 

SiO2 10000 275 20000 330 30000 410 40000 460 
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Fig.8 Rectangular 

 

It is seen that Nusselt number increases with the increase in Reynolds number in all the 4 

cases on all the 3 groove geometries. The results show that the Nusselt number is better than 

pure water in all the 3 grooves and all the 4 nanofluids.  It is evident that nano fluid with SiO2 

has outperformed others in terms of transfer rate, followed by Al2O3, ZnO and CuO.  The 

performance of SiO2 is due to the high thermal properties of SiO2-water combination.  

4.3 Effect of variable volume fractions of nanoparticles-  

In this experiment, we are using SiO2 on the circular groove, which has performed better than 

the other 4 fluids and 2 geometrical types. Molecular collision has its association with the 

surface area of the nanoparticles. Improvement in thermal conductivity of nanoparticles and 

the Brownian movement of nanoparticles is also dependent on the surface area of 

nanoparticles.  Volume fraction of pure water has zero volume fractions of nanoparticles. 

Table-5 Change in volume fraction 

SiO2 on Circular Groove 
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Volume Fraction Re Nu Re Nu Re Nu Re Nu 

0 10000 300 20000 360 30000 420 40000 460 

0.02 10000 310 20000 370 30000 430 40000 470 

0.04 10000 320 20000 380 30000 440 40000 480 

0.06 10000 330 20000 390 30000 450 40000 490 

0.08 10000 350 20000 410 30000 470 40000 530 

 

 

Fig-9 Change in volume fraction for SiO2 on Circular Groove 

The volume fraction refers to the volume of nanoparticles present to the volume divided by 

the volume of other constituents in the mixture.  The volume fraction chosen for this study is 

1-8 % with different values of Reynolds number.  It is clear that more the volume Nusselt 

Number and improved heat transfer is observed. At Ø = 0.08, best heat transfer is observed 

followed by 0.06, 0.04, 0.02 and 0.00 respectively. 

4.4 Effect of different nanoparticles diameter dp:-  

In this experiment also, we are using SiO2 on the circular groove, which has performed better 

than the other 4 fluids and 2 geometrical types. The volume fraction is chosen as 8 % with 

Reynolds number as 10000 to 40000. The range of diameter is 20nm to 80 nm.  
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Table-6 Variation in dp 

SiO2 on Circular Groove 

change in dp Re Nu Re Nu Re Nu Re Nu 

pure water 10000 300 20000 360 30000 420 40000 460 

80nm 10000 320 20000 370 30000 440 40000 480 

60nm 10000 340 20000 380 30000 450 40000 500 

30nm 10000 345 20000 390 30000 460 40000 520 

20nm 10000 355 20000 415 30000 475 40000 540 

 

 

Fig-10 SiO2 on Circular Groove-Variation in dp 

As the diameter decreases the Nusselt number increases.  The effect of Brownian motion on 

small particles results in high thermal conductivity of nanofluids. SiO2- water nanofluild, 

lower the diameter, greater the effect of aggregation, formation of nanolayer, Brownian 

motion and transfer of energy. It can be concluded that smaller the nano particle diameter, 

better the heat transfer.  

 

5. Conclusion:-  
 

 The study on the effect of the various grooved tubes with reference to the transfer of 

heat and other characteristics of friction was investigated.  The work aimed at reducing the 
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entropy and enhances the thermal performance. It is observed that heat enhancement is 

observed in circular tube and SiO2 gives the better results among the various nanofluids used.  

SiO2 showed the highest Nusselt Number with pure water having the lowest number. Al2O3 

ranked 2
nd

 with ZnO and CuO having the following numbers. The Nusselt number is directly 

proportional to the volume fraction and inversely proportional to the particle diameter. . 
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