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Abstract 

 

The conventional technique for increasing heat dissipation is to increase the 

surface area for exchanging heat with a heat transfer fluid. However, the 

conventional enhanced surface technique has reached their limit with regard to 

improving heat transfer. Meanwhile, a performance of the convective heat transfer 

depends on the characteristics of the heat transfer fluid. Therefore, researches on 

nanofluids heat transfer are innovative ways to find alternative heat transfer fluid 

(coolants) with better performances. This paper presents an experimental study on 

natural convective heat transfer of water-ZrO2 nanofluids in a triangular and 

rectangular array of uniformly heated vertical cylinders with pitch to diameter 

ratio (P/D) of 1.16. The nanofluids were used in this experiment is a colloidal 

water-ZrO2 and the concentration of nano particles in the solution used by 0.05 %. 
The study seeks for a new correlation for natural convective heat transfer of water- 
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ZrO2 nanofluids in the vertical sub channel formed among the triangular and 

rectangular vertical cylinders. Based on the current experimental study, the natural 

convective heat transfer equation for water-ZrO2 nanofluids in the triangular and 

rectangular sub channel that depends on the position was obtained. The equation 

can be written as: 
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1 Introduction 
 

The conventional technique for increasing heat dissipation is by increasing the 

surface area for exchanging heat with a heat transfer fluid. However, the 

conventional enhanced surface technique has reached their limit with regard to 

improving heat transfer. Therefore, a new and innovative coolant with improved 

performance is needed and a novel concept of nanofluids has been proposed [1]. 

Nanofluids are dilute liquid suspensions containing particles that are significantly 

smaller than 100 nm [2] and have a bulk solids thermal conductivity of orders of 

magnitudes higher than the base liquids [3-7]. Much attention has been paid in the 

past decade to nanofluids because of its enhanced properties and behavior 

associated with heat and mass transfer [8-16]. Recently, some of experiments on 

nanofluids has indicated significant increases in thermal conductivity compared 

with liquids without nanoparticles. The measurements showed that the use of up 

to 0.05 % of volume fraction of nanoparticles can increase the thermal 

conductivity [8,17].  

In convective heat transfer in nanofluids, a heat transfer coefficient depends not 

only on thermal conductivity [18-20] but also on other properties (such as density, 

and dynamic viscosity of nanofluids) and geometry of the heat transfer surface. 

Currently, there are very difficult to find the results of research related to the 

natural convection heat transfer in vertical sub-channels, not only for nanofluids 

but also for water. Therefore, in line with the application of nanofluids as coolant 

fluid began to develop, the study of natural convection heat transfer in vertical 

sub-channel should be done. Effect of heating on the presence of adjacent 

sub-channel is a major concern and will be considered in the empirical 

correlations decrease, especially with regard to the effect of cross-flow diversion 

caused. Similarly, the definition of the reference temperature to evaluate the 

physical properties of the fluid should also be clarified because the temperature 

becomes a key in obtaining correlation is general and applicable to various types 

of sub-channel. 

Very few studies have been found in the literature on nanofluids heat transfer 

under natural convection [21,22], forced convection [23,24] and phase change or 

boiling conditions [25,26], but some of the experiment results are controversial,  
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e.g. the extent of the heat transfer coefficient enhancement sometimes greatly 

exceeds the predictions of well-established.  By using the numerical techniques 

[21], it can be predicted that nanofluids enhanced natural convective heat transfer. 

Meanwhile, the experimental study indicated that the presence of nanoparticles in 

water decreased the natural convective heat transfer coefficient [22].  

This paper covers the highlights of the experimental part of the research 

especially that are associated with natural convection of water- ZrO2 nanofluids in 

vertical sub channel [27] and then the result of this research compared with the 

results of experiments using water as the working fluid [28,29]. Moreover, 

another experimental part of the research that deals with the forced and combined 

convection currently is still being done. 

 

Nomenclature:  

g  gravity, ms-2 Greek symbols 

cp   heat capacity, J/kg.K ⍴ density, kg/m3 

k thermal conductivity, W/m K β  coefficient of expansion, K-1 

h heat transfer coefficient, J/kg ʋ  kinematic viscosity, m2/s 

Dh hydraulic diameter, m Subscrips 

x distance, m f film  

q” surface heat flux, W/m2 s surface  

T temperature, oC b bulk 

Q electric power, W  

Nuq Nusselt number  

Raq Rayleigh number  

    

2 Experimental set up 
 

As a mentioned in the previous section, this paper covers highlights of the 

experimental part of the research that was done in conjunction to its theoretical 

counterpart of the research related to forced and combined convection. The main 

objectives of the research are finding new correlations equation for calculating 

natural, forced, and combined convective heat transfer coefficients for nanofluids 

water-ZrO2 in triangle and square vertical sub channel formed among vertical 

cylinders.  The vertical cylinders simulate a bundle of fuel rods of a nuclear 

reactor or tubes of a heat exchanger.  

Basically, the experimental equipment used in the research consists of the 

following major sub-systems: a test section, a cooling water system, and several 

supporting apparatus or instruments, such as an electric power supply, a personal 

computer equipped with a data acquisition system.  The test section consist of a 

test box/container, a main test section, a cylinder assembly, a flow distributor that 

distributes the flow, two supply nanofluids lines (one line is used in free or 

combined convection mode, and the other in forced or combined convection 

mode), and a warm/discharge water line. The experimental equipment was 

designed to be operated in various convective heat transfer modes (i.e. natural, 

forced or combined convection) with several vertical cylinders configurations, i.e.  
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triangular and rectangular (square) arrangement. The test section can be 

configured to facilitate these experiment conditions by changing the main test 

section and cylinders assembly. For the experiments associated to this paper, the 

main test section was configured in the natural convection mode with the 

triangular and rectangular configuration as shown in Figure 1a and 1b. The main 

test section and the test box are made of glass sheets so that they are transparent as 

shown in Figure 1.c.  

 

 

 

29,5 mm

25.4 mm

Heater

Sub-Channel

 

1.a. Triangular cross section 

 

 

 

1.c. Experiment test section 

25,4 mm

29.5 mm

Heater

Sub-Channel

 

1.b. Rectangular cross section 

 

Fig.1. Cross section of the triangular and rectangular configuration as main test 

section 

 

 

During the natural convection experiment, nanofluids flows into lower part of 

the test box through the nanofluids line dedicated for the natural convection mode. 

Most of the nanofluids flow upward through the annular between the test box and 

the main test section side walls. The nanofluids flushes away the warmer nanofluids 

that comes out from the upper part of the main test section, and leaves the test box 

through the warm nanofluids line on one of test box side walls. Some amount of the 
nanofluids enters the lower chamber of the main test section through several available 
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holes on its side walls. Then, the nanofluids pass by the distributor into the main 

chamber of the test section, where the cylinder assembly is installed. The 

nanofluids through the gaps among the cylinders, and finally leaves the main test 

section through the opening the main test section.   

The horizontal cross section of the cylinder assemblies are shown in Figure 1a 

and 1 b. The cylinder assemblies consist of three and four vertical cylinders, which 

equipped with electric heaters and thermocouple sensors. The cylinder has outside 

diameter of 25.4 mm and length of 340 mm, and arranged with 29.5 mm pitch 

between them. The sub channels that are explored in this study are the sub channel 

formed by three cylinders for triangular configuration and four cylinders for 

rectangular configuration.    

In the natural convection experiment of this research the electric power 

dissipated by each test cylinder and measurement/observation position along the 

test cylinder length were chosen as the independent/input variables of the 

experiment.  The electric power for each test cylinder was varied within a range up 

to 850 W, which associated with surface heat flux of 31.5 kW/m2. The temperatures 

of the cylinders surface and nanofluids inside the sub channel are dependent on 

output variables of the experiment. The cylinder surface temperatures were 

measured at five elevations along its axial direction and the temperatures were 

measured by using K-type thermocouple sensors that implanted in the test cylinder 

walls. The nanofluids temperatures were measured by using K-type thermocouple 

probe that can be moved along the center line of a triangular and rectangular sub 

channel. The nanofluids temperatures are measured at the same elevation as those 

of the cylinder surface temperatures measurements. Meanwhile, the nanofluids 

velocity at its entrance into the test section was kept constant at 0.1 m/s during the 

experiment. This nanofluids flow is needed to keep the water temperature inside the 

main test section to be constant. 

 

 

 

3 Experimental procedure and data analysis 
 

As a previously mentioned, the independent on input variable for the experiment 

is the electric power dissipated within the test cylinders or its associated heat flux 

on the surfaces of test cylinders, and measurement location along the test cylinder 

length. The values of these input variables are shown in Table 1.  Meanwhile, 

dependent on output variables that measured or calculated during the experiment 

were the test cylinder surface temperature, the nanofluids temperature inside the 

sub channel, and heat transfer coefficient. These temperatures were measured in 

five elevations along the cylinder length. 
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Table 1. The values of the input variables 

 

Variable Name Variable  

Type 

Input Variable Values 

Electric Power, Q Input 250, 350, 500, 750, and 850 

W/cylinder 

Surface Heat Flux, q’’ Input 9.3, 12.9, 18.5, 27.8, and 31.5 kW/m2 

Distance, x Input 1.0, 9.0, 17.0, 25.0, and  33.0 cm 

Surface Temperature, Ts Output - 

Nanofluid bulk 

Temperature, Tb 

Output - 

Heat Transfer 

Coefficient, h 

Output - 

 

The main objective of the current experiment is to find an empirical equation for 

natural convective heat transfer correlation of water-ZrO2 nanofluids, in the form of 

modified Nusselt Number, Nuq, as a function of modified Rayleigh number, Raq, 

and non-dimensional position, x/Dh, i.e. 
b
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with x and Dh are position measured from upstream end of the cylinder and 

hydraulic diameter of the sub channel, respectively, while a and b are constants that 

would be empirically determined from the experiment. The modified Nusselt 

number is defined by the following equation: 
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with q’’, k, Ts , and Tb  are surface heat flux, thermal conductivity of fluid, test 

cylinder surface temperature, and bulk temperature of nanofluids, respectively. The 

modified Rayleigh number is defined by the following equation, 
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where g is gravity, ⍴ is density, β is coefficient of expansion, cp  is heat capacity, 

and  ʋ is kinematic viscosity of the water film near the cylinder surface. All 

physical and transport properties are evaluated at the film temperature. 
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By knowing geometry of the test cylinder, all input variables in Table 1, and all 

measured temperatures, Ts and Tb, the modified Nusselt and Rayleigh number for 

all measurement location can be calculated. The relationship among Nusselt 

number, Rayleigh number, and measurement location can be determined by using 

linear regression analysis. 
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4 Experiment results and discussion 
 

Distribution of average water-ZrO2 nanofluids temperature along the cylinder 

length at various of heat flux for triangular and rectangular sub channel are shown 

in Figure 2.a and 2.b, respectively. The trend lines shown on these figures are just 

intended to emphasize the trends of the data, and they might not reflect correct 

temperature distributions.  The trend lines are practically almost linear with 

respect to the position.   

 

 

 

(a) 

 

(b) 

Fig. 2. Nanofluids temperature distribution at various heat fluxes for 

(a) triangular (b) rectangular 

 

 

From these figures it is clear that the water-ZrO2 nanofluids temperature are 

higher at downstream locations, since the water-ZrO2 nanofluids experiences 

heating while it flows downstream (or upward). Therefore, the general trends 

shown by the temperature curves on the figures are realistic and acceptable.   

Figure 2.a and 2.b also show influence of heat flux on the water-ZrO2 nanofluids 

temperature distribution in the triangular and the rectangular sub channel, 

respectively. From these figures it is clear that the water-ZrO2 nanofluids tempera- 
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ture for both triangular and rectangular sub channel increase as the heat flux 

increases. At higher heat flux, the water-ZrO2 nanofluids temperature rise faster as 

the water-ZrO2 nanofluids flows downstream, while the water-ZrO2 nanofluids 

temperature near the upstream end of the cylinder is almost independent from the 

heat flux; therefore the water-ZrO2 nanofluids at further downstream locations are 

higher when the heat flux is higher. Both Figure 2.a and 2.b also show on obvious 

fact that the water-ZrO2 nanofluids gradients in downstream direction increase with 

increasing heat flux. As the heat flux increases then the water-ZrO2 nanofluids also 

rises faster while the water-ZrO2 nanofluids flows upward. 

 

Since the test cylinder surface temperature and the water-ZrO2 nanofluids 

temperature were known from the measurements, then film temperature can be 

calculated by using Eq. 4 so that thermal conductivity and other physical properties 

of the base water and the water-ZrO2 nanofluids can be determined. These physical 

properties were evaluated at the film temperature. Meanwhile, the hydraulic 

diameter can be calculated from the know geometry of the cylinder arrangement. 

By knowing these variables and using Eq. 2 and 3 the modified Nusselt and 

Rayleigh number can be calculated. A linear regression analysis gave an empirical 

correlation of natural convective heat transfer for water-ZrO2 nanofluid in the 

triangular sub channel between the Nusselt number, Rayleigh number and 

non-dimensional position as expressed by the following equations:  
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Meanwhile, a linear regression analysis gave an empirical correlation of natural 

convective heat transfer for water-ZrO2 nanofluid in the rectangular sub channel 

between the Nusselt number, Rayleigh number and non-dimensional position as 

expressed by the following equations: 
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If the result of the experiment using water – ZrO2 nanofluids  were compared 

with the results of the experiments using water as the working fluid for both 

triangular and rectangular sub channel obtained graphs in Figure 3 and 4. Based 

on the result, it was found that, for given water-ZrO2 concentration and channel 

geometry, water-ZrO2 nanofluids heat transfer coefficient can be up to 5–10 % 

higher than that of water. 
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Fig. 3. Relationship between Nusselt number and Rayleigh number for triangular 

sub channel 

 

 

 

Fig. 4. Relationship between Nusselt number and Rayleigh number for rectangular 

sub channel 

 

Conclusions 
 

The heat transfer characteristics of water-ZrO2 nanofluids in the vertical sub 

channel were studied experimentally. Based on the current experimental study, the 

following important points need to be highlighted as conclusions of this study. 

1. It was found that, for given water-ZrO2 concentration and channel geometry, 

water-ZrO2 nanofluids heat transfer coefficient can be up to 5 - 10 % higher than 

that of water. 
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2. A natural convective heat transfer equation for water-ZrO2 nanofluid in the 

triangular sub channel that depends on the position was obtained from the current 

study. The equation can be written as: 
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3. A natural convective heat transfer equation for water-ZrO2 nanofluid in the 

rectangular sub channel that depends on the position was obtained from the current 

study. The equation can be written as: 
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