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Abstract:  A lot study of convection heat transfer on internal flow has been extensively conducted in the past 

decades using of high specific surface area, increasing heat transfer coefficient, swirling flow and improving 

the transport properties. This study concerned with the application of a tangential slot swirl generator for im-

proving heat transfer in a horizontal circular copper tube. The Al particles(about 100~130μm) was employed 

for this experimental work. 3D PIV(particle image velocimetry) technique has employed to measure velocity 

profiles of Al particles with and without swirl flow. The copper tube is heated uniformly by winding of a 

heating coil for heat transfer work, having a resistance of 9 ohm per meter. Experiments are performed in the 

Reynolds number range of 6,800~12,100 with swirl and without swirl using Al particles. Experimental data 

for comparison of Nusselt number is presented that of with swirl and without swirl along the test tube for 

the Reynolds numbers. The Nusselt number is improved with increasing of Reynolds numbers or swirl in-

tensities along the test tube. The Nusselt number with swirl flow is about 60.0% to 119.0% higher than that 

obtained by the Dittus–Boelter equation. 
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1. Introduction

  The advantage of high heat flow processes has 

significantly increased the demand for new 

technologies that enhance heat transfer. For instance, 

microprocessors have become smaller and more 

powerful; as a result, the demand for heat flow has

steadily increased over time, leading to new chal-

lenges in thermal management. 

The characteristics of turbulent swirl flows have 

been studied extensively because the study of swirl 

flow is of great technological and scientific 

importance. Swirl flow improves the heat flow in 

pipes. Saidur et al. [1] recently reviewed the applica-

tion of nanofluids and found that the thermal con-

ductivity of nanofluids increases up to 150% with an 

increase in temperature. However, despite studies on 

this subject, the exact mechanism of enhanced heat 

transfer for nano fluids remains unclear. Numerous 

challenges must be identified and addressed to ensure 

the success of different applications. Ravikanth et al. 

[2] analyzed the influence of temperature and the con-

centration of nano fluids on the thermophysical prop-

erties of liquids and found that the addition of nano 

particles to any liquid significantly increases viscosity 

and moderately increases thermal conductivity. 

Specific heat and density also changes slightly. 

Zoubida et al. [3] studied the natural convective heat 

transfer of nano fluids and concluded that nanofluids 

enhance heat transfer and are highly suitable for vari-

ous applications. Mohammed et al. [4] and Sohel et 

al. [5] studied forced convective heat transfer with flu-

id flow and boiling nano fluid. Mohammed et al. [4] 
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also studied fluid flow and the heat transfer behavior 

of different types of single-phase fluid flow over a 

backward-facing step. The researchers found that the 

Nusselt number increases with the increase in veloc-

ity, Prandtl number, and aspect ratio. Sohel et al. [5] 

studied boiling heat transfer with nanofluids in carbon 

tubes and found that boiling heat flux can be en-

hanced depending on the concentration of the 

surfactants. Much attention has been provided recently 

to the study of swirl flow with energy problems. This 

research area is of practical importance given that 

swirl atomizers, dust extractors, and applications that 

involve enhanced heat transfer coefficients are widely 

utilized. Govarthan et al. [6] conducted a CFD simu-

lation of the heat transfer of nano fluids in a circular 

tube fitted with twisted inserts in a swirling flow un-

der constant heat flux. The results were explained 

with Fluent version 6.326 in laminar flow. Heat trans-

fer increased with Reynolds number and decreased 

with twist ratio at the maximum value of 2.93 for 

twist ratio. Adrian et al. [7] utilized numerical and ex-

perimental methods to study a micro fluid channel 

consisting of two T junctions with vibration. Svetlana 

et al. [8] employed twisted tape as a turbulence pro-

moter in the micro filtration of milk. The use of the 

twisted tape reduced both reversible and irreversible 

fouling and significantly increased the permeate 

fluxes. Syam et al. [9] also utilized twisted tape to 

measure the heat transfer and friction factor of an 

Al2O3 nano fluid in circular tubes. The heat transfer 

coefficient and friction factor at 0.5% volume concen-

tration of Al2O3 in the nanofluid were 33.51% and 

1.096 times higher, respectively, compared with the 

values obtained from flowing water in a tube. 

An Al/water micro fluid was utilized in this study 

to measure velocity profiles through 3D particle im-

age velocimetry (3D-PIV). The Nusselt numbers were 

calculated with and without swirl flows in a horizon-

tal circular copper tube. Therefore it will be con-

tributed for a design of heat exchanger. 

2. Experimental Apparatus

2.1 Velocity measurement

  A stereoscopic PIV system in Figure 1 is em-

ployed to measure the velocity of the Al/water mi-

cro fluid.  A transparent tube with 13.8mm diame-

ter and 1,000mm length is utilized for the PIV 

measurement. The camera calibration method uti-

lized for the 3D-PIV measurement is based on the 

method utilized by Doh et al. [10]. This method in-

volves quantitative measurements in the calculation 

of the camera parameters. A square box is installed 

outside the test tube to further reduce the distortion 

effect. Each experimental image is subjected to 2D 

image transformation. The original images are warp-

ed prior to calibration. 

Figure 1: 3D-PIV measurement

2.2 The test tube 

  Figure 2 and Figure 3 present the schematic of 

the experimental test tubes for heat transfer. The 

test tubes are manufactured through a copper tube 

with a diameter of 13.8mm, length of 1,000mm, 

and thickness of 1.0mm. The walls of the test tubes 

are uniformly heated by electrical power of 0.36kW 

(120voltage×3Amp). The heating coil is uniformly 

wound at 10.0mm distance along the test tube. A 

voltage regulator is employed to adjust the heat 
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flux. K-type thermocouples and the 32-channel 

LabView system are employed to measure bulk and 

wall temperatures. Two flanges are placed at the 

end of each test tube to prevent loss of electric 

power. A water pump with rpm control and 1,600cc 

per minute pumping capacity is utilized to circulate 

the micro fluid in the system. Mass flow is meas-

ured at the pump exhaust port by using a weighter. 

To calculate Re number, the mean velocities were 

employed from PIV results and the mass flow at 

the outlet of the pump, and then refer to "Equation 

(1)" and "Equation (2)" for viscosity. But the veloc-

ities are not much different each other, such as the 

velocity from the PIV results and the velocity from 

the mass flow. The Al particles are dispersed by 

pouring some distilled water into the mixing water 

tank. Producing swirling flow, a tangential slot type 

swirl generator were used for this work.

Figure 2: Experimental rig.

Figure 3: Heating coil wound on the test tube.

2.3 Evolution of the thermophysical properties 

of the micro fluid 

  The Al micro particles (approximately 100μm to 

130μm) are supplied by a Korean company.

Distilled water is utilized to disperse the Al par-

ticles with 0.25% volume concentration. The proper-

ties of the micro fluid, such as viscosity, specific 

heat, and thermal conductivity, are measured with 

different kinds of measuring equipment. The equa-

tions below are utilized to calculate the afore-

mentioned properties. The density of the micro fluid 

is derived by "Equation (1)". 

                         (1)

The Einstein equation provided below is adopted 

to determine the viscosity of the micro fluid. 

                          (2)

where,  is the viscosity of the base liquid and  

is the volume fraction of the micro fluid (0.25%). 

The following equation proposed by Hamilton et al. 

[16] is utilized to calculate thermal conductivity: 






   

   
   (3) 

where, ,  , and   are the thermal con-

ductivity of the micro fluid, base fluids, and micro 

particles, respectively. n is the space factor of the 

micro fluid, and 3 refers to the spherical micro 

fluid. The more accurate equation provided by 

Buongiorno is presented below [12]. 


 


              (4)

3. Results and Discussion 
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3.1 Velocities profiles 

  Figure 4 shows the raw images of the Al par-

ticles without swirl along the test tube. Some par-

ticles settle on the inside of the bottom of the test 

tube without swirling flow at Re=1,110. This oc-

currence is caused by the density of the Al 

particles. Figure 5 shows that the particles move at 

a certain flow angle at a swirling flow of 

Re=1,870. A few particles remain deposited on the 

bottom of the test tube. This occurrence is caused 

by the tangential velocity of the swirling flow with 

a low Reynolds number.

Figure 4: Raw images without swirl flow for 

Re=1,110.

Figure 5: Raw images with swirl flow for 

Re=1,870.

Figure 6 presents the axial velocity without swirl

flow for Re=1,110 and Re=2,987. The velocity ap-

pears distorted at the left side of the tube it is 

clearly affected by the particles at the bottom.     

   Figure 7 shows the three velocities with swirl-

ing flow along the test tube. The axial velocity 

swings to the left side of the test tube, suddenly 

decreases near the centerline of the test tube, and 

then sharply increases. These reactions are asso-

ciated with the tangential velocity of the swirling 

flow and deposited particles at the bottom of the 

test tube. These velocities exhibit a slightly normal 

swirling flow at a high Reynolds number, with the 

axial velocity showing positive results near the 

wall of the test tube and steeply decreasing at the 

centerline of the test tube. The radial velocity is 

very low across the test tube. Tangential velocity 

is low and very similar to axial velocity. The ve-

locity near the wall increases sharply, suddenly de-

creases to zero at the centerline, and then increases 

again similar to the tangential velocity. These pro-

files are very similar to that of the normal swirling 

flow. 

Figure 6: Axial velocity profiles along the test tube 

without swirl flow.
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Figure 7: Velocity profiles along the test tube with 

swirl for Re=1,870.

3.2 Heat transfer results

  Uniform heat flux(0.36kW×220V) was employed 

for the heat transfer experiment. The wall and fluid 

temperatures along the test tube were measured us-

ing k-type thermocouples. The bulk temperatures 

and Nusselt numbers were calculated with and 

without swirl flow through the following equations:

   ×                        (5)

and  


                               (6) 

  


                          (7)

where, As and Tw indicate the surface area and 

wall temperature, h is the heat transfer coefficient, 

respectively. "Equation (6)" is the Dittus–Boelter 

equation [13], which yielded the following result:

                         (8)

  is the Nusselt number, and   and  are the 

Reynolds and Prantl numbers, respectively. 

Figure 8: Wall temperature profiles along the test 

tube without swirl.

Figure 9: Wall temperature profiles along the test 

tube with swirl.

  Figure 8 shows the comparison of the Tw/Tr tem-

peratures without swirl for Re=6,800 to 12,100 

where Tw and Tr indicate wall temperature and 

room temperature, respectively. These temperatures 

increase sharply at the entry of the test tube. The 

temperature profiles increase with the increase in 

heat flux and decrease suddenly at the end of the 

test tube because of the lack of heat flux and pres-
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ence of heat loss. The temperature profiles decrease 

as the Reynolds numbers increase.

  Figure 9 presents the Tw/Tr temperatures of the 

test tube with swirl flow of Re=6,800 to 12,100. 

The profiles are similar to those without swirl flow, 

but the temperature profiles are 1.25 to 1.37 times 

lower than that of the test tube without swirl flow. 

These results indicate that much energy is trans-

ferred to the micro fluid from the heated wall 

through the Al particles and swirling flow, causing 

the wall temperature to become lower than that of 

the test tube without swirl flow.

Figure 10: Comparison of the Nusselt number with 

swirl and without swirl.

  Figure 10 shows the comparison of the Nusselt 

number with and without swirl and the result ob-

tained by the Dittus–Boelter equation. The Nusselt 

number without swirl is approximately 20.0% to 

37.5% higher than that obtained by the 

Dittus–Boelter equation.

The difference is attributed to the particles of the 

Al/water micro fluid. The Nusselt number with 

swirl is also about 60.0% to 119.0% higher than 

that obtained by the Dittus–Boelter equation. The 

difference is attributed to the tangential velocity of 

the swirling flow and Al particles.

4. Conclusion

  An Al/water micro fluid was employed in this 

study. Velocity profiles and wall temperatures 

(Tw/Tr) were measured through the PIV technique. 

K-type thermocouples were placed along the test 

tube for uniform heating. Nusselt numbers with and 

without swirl flow in a horizontal circular tube 

were calculated for Re=6,800 to 12,100. The fol-

lowing conclusions were obtained: 

  1) The axial velocities without swirl flow for 

Re=1,110 and Re=2,987 were presented. The veloc-

ities are distorted at the left side of the tube, which 

is due to the particles at the bottom affecting the 

velocities.

  2) With regard to swirling flow, the axial veloc-

ity swings to the left side of the test tube, sud-

denly decreases near the centerline of the test tube, 

and then sharply increases. These results are asso-

ciated with the tangential velocity of the swirling 

flow and deposited particles at the bottom of the 

test tube.

  3) The wall temperature with swirl flow is 25.0% 

to 37.5% higher than that without swirl flow. Both 

temperatures decrease as the Reynolds number 

increases. These results are ascribed to the constant 

heat flux and the fact that much energy is trans-

ferred by the particles along the test tube.

  4) The Nusselt number without swirl flow is ap-

proximately 10.0% to 24.5% higher than that ob-

tained by the Dittus–Boelter equation. The Nusselt 

number with swirl flow is about 60.0% to 119.0% 

higher than that obtained by the Dittus–Boelter 
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equation. This result is ascribed to the tangential 

velocity of the swirling flow.
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