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ABSTRACT 
In this work the heat transfer and pressure drop 

experimental results obtained in a two step finned tube bank 
with conical fins are presented. The tube bank had an 
equilateral triangle array composed of nine finned tubes with 
conical fins inclined 45 degrees in respect with the tube axis. 
The heat exchange external area of a single tube is 
approximately 0.07 m2. All necessary thermal parameters, 
inlet/outlet temperatures, mass flows, for the heat balance in the 
tube bank were determined for different air velocities, 
Re = 3400 – 18400, and one constant thermal charge provided 
by a hot water flow with a temperature of 80 °C. As a result, 
the correlations for the heat transfer and pressure drop 
calculation were obtained. The experimental results were 
compared against the analytical results for a tube bank with 
annular fins with the same heat exchange area. It was found 
that the proposed tube bank using finned tubes with conical 
fins shows an increment of heat transfer up to 58%. 

Keywords: fins, heat transfer, pressure drop, finned pipes, 
conical fins. 
 
INTRODUCTION 

Given the constant shortage of water and a growing sense 
of protecting the environment, currently the industrial cooling 
systems use air instead of water as coolant. As a result, there is 
an increased demand for high efficiency air-cooled heat 
exchangers designed to handle and transfer heat to large 
amounts of air. Air-cooled heat exchangers are used in 
industries such as refineries, chemical and food industries and 
in combined cycle power stations [1]. This kind of heat 
exchangers consists of one or more horizontal or inclined rows 
of tubes forming a section through which air is forced by a fan. 

Because of its low heat capacity, when air is using as a 
coolant this leads to a low external convective heat transfer 
coefficient [2]. Thus, to dissipate the same quantity of heat it is 
needed a larger area of the surface, so the size of the heat 
exchanger increases. Using banks of finned tubes is the best 
way to provide a larger area without increasing the overall size 
of the heat exchanger. The finned tubes bank heat transfer and 
pressure drop calculation method is well-known [3].  

Increasing the heat dissipation capacity of an air-cooled 
heat exchanger can be done by augmenting the convective 
coefficient values. Thus, it is necessary to destroy or break the 
boundary layer on the fin, disrupting the flow across the 
surface and creating a turbulent flow with macrovortices 
generation. These flow conditions can be achieved using new 
profiles of fins, as several authors have investigated [4, 5, 6]. 
Among other works, in the paper [7] a new fin profile is 
proposed, an annular fin with its edges partially bended 
creating a convergent channel, where the flow accelerates to 
the rear part of it. Authors found that heat transfer 
enhancement in a tube bank with a triangular array can be up to 
47%.  

Another proposal, which also leads to heat transfer 
enhancement, is to tilt annular fins at an angle so as to form 
cones [8, 9]. In these works the local thermal and aerodynamic 
characteristics of heat exchange surfaces with conical fins were 
studied. However, these local characteristics cannot be used to 
calculate the heat transfer in a tube bank.  

Thus, the motivation of this work is to find the correlations 
to calculate heat transfer and pressure drop of banks of tubes 
with conical fins. An extended surface composed of two steps 
of finned tubes with conical fins, inclined 45 degrees in respect 
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with tube axis, and in equilateral triangle tube array, was 
experimentally studied. 

NOMENCLATURE 
A  Heat exchange external area, m 
d  Tube diameter, m 
e  Fin thickness, m 
Eu  Euler number 
H  Fin height, m 
h  Convective coefficient, W/m2 K 
k  Thermal conductivity, W/m K 
L  Tube length, m 
Nu  Nusselt number 
Re  Reynolds number 
S1  Transversal tube pitch, m 
S2  Parallel tube pitch, m 
u  Air flow velocity, m/s 
ν  Air kinematical viscosity, m2/s 
ρ  Air density, kg/m3 

Subscripts 
ext  external 
int  internal 

EXPERIMENTAL INVESTIGATION 

Experimental installation 
The experimental investigation was carried out in a wind 

tunnel that has a DC electric motor of 15 HP, which drives a 
centrifugal fan to provide air to the test zone. The test zone was 
located in a section that was added at the end of a stainless steel 
chamber, 1.78 m in diameter and 2.70 m in length, which inside 
has a perforated plate for air flow conditioning porpoises. The 
shape and dimensions of the added section were calculated to 
provide all the conditions to investigate heat transfer and 
pressure drop on the tube bank (Fig. 1). 
 

Test zone

0.3 1.5 0.5 1.5

0.4

0.2

Fig. 1. Test zone. 
 
The study was conducted on a bank of tubes that consists 

of two steps with a total of 9 finned tubes with conical fins. 
Five tubes were installed in the first row and 4 tubes in the 
second one in an equilateral triangle array, S1 = 0.08 m and S2 = 

0.069 m, that is typical in extended surfaces. The array of the 
tubes and the tube-pitch dimensions are shown in Figure 2. 

As it can be seen in Fig. 2, in the second row, which 
corresponds to the second step of the tube bank, a half tube was 
installed on the side walls of the test zone. This half tube was 
made of acrylic and has the function to simulate a fifth tube, so 
that the air flowing near the wall interacts with the tubes in the 
second row and not flow freely. The idea is to avoid disrupting 
the flow dynamics within the limits of the tubes array. 

 

 
Fig. 2. Top view of the test zone.  
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Fig. 3. Finned tube with conical fins. 
 

The finned tubes were turned from aluminum bar, so there 
is not thermal contact resistance between fins and tube. Each 
tube has 30 conical fins inclined at an angle of 45° in respect 
with the axis of the tube. The geometrical characteristics of fins 
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are: internal fin height Hint = 0.008 m, external fin height 
Hext = 0.015 m, and fin thickness e = 0.0015 m. The tube has an 
external diameter dext = 0.022 m, an internal diameter 
dint = 0.015 m and a length L = 0.2 m. The heat exchange 
external area, A, of a single tube is approximately 0.07 m2. 
Figure 3 shows the main geometrical parameters of a finned 
tube with conical fins. 

In order to provide a uniform distribution of water flow 
within the fin tubes, it was necessary to install a header with an 
internal area greater than the sum of the internal areas of the fin 
tubes as recommended in [10]. After performing the required 
calculations it was chosen a tube 3 inches in diameter to make 
the entry, exit and return headers. The headers were attached to 
the tubes with conical fins through hoses resistant to high 
temperatures. To reduce the heat loses, the headers were 
insulated. Figure 4 shows the assembled test zone with the 
tested tube bank, headers and connections. 
 

 
 

Fig. 4. Test zone assembled with all its elements.  
 

The hydraulic circuit comprises a water circulation system 
consisting of a centrifugal pump ½ HP, connected to a system 
of tubes and valves to regulate flow of water entering the tested 
tube bank. To heat water it was used a boiler which has a set of 
electrical resistors of 13 kW of power. The boiler raises the 
fluid temperature up to 90 °C.  

The hydraulic system has a vertical flowmeter for 
measuring the water flow rate in a range of 2 to 20 liters per 
minute (lpm). The experimental tests were conducted for a 
flow rate of 14 lpm (23.34·10-5 m3/s) of hot water at 80 °C.  

Four K type thermocouples (±0.1 °C precision) were 
installed to measure the temperature of air and water at the 
entrance and exit of each fluid of the heat exchange surface. As 
a result, it was possible to measure the temperature difference 
ΔT of each flow.  

The thermocouples were connected to a data acquisition 
system with support from the Link Scan 2.0 package that 

displays temperature values in an interval of 4 seconds for each 
thermocouple.  

To calculate the flow velocity two Airflow Pitot tubes, 300 
mm long and 4 mm in diameter, were used in connection with 
an inclined Airflow manometer, which has a measuring range 
of 0 to 5 kPa depending of its inclination.  

To determine the pressure drop caused by the tested tube 
bank, static pressure was measured using an Airflow inclined 
manometer connected to perforated static pressure taps on the 
four walls of the wind tunnel before and after the tube bank.  

Experimental data reduction 
The experimental results are presented as relations 

between the dimensionless numbers of Nusselt, Nu, Euler, Eu 
and Reynolds, Re, whose expressions used in this work are:  

 
h× dNu =

k
   (1) 

 

2

ΔpEu =
ρ× u

   (2) 

 
u× dRe =
ν

   (3) 

 
In these expressions the outer diameter d was taken as the 

characteristic length of the finned tube. The hot water and air 
properties were taken in relation to their average temperature 
within the limits of the tube bank. The calculation of Nusselt 
number, Nu, was conducted under condition of constant heat 
flux. The Euler number, Eu, was calculated considering the air 
density variations. The range of dimensionless flow velocities, 
Reynolds numbers, studied is Re = 3.4·103 to Re = 18.4·103, 
which are representative operational flow velocities of a variety 
of air-cooled heat exchangers.  

Four tests were performed for each flow velocity value to 
check the variation of obtained results; the experimental data 
strip deviation was ±8%. The results for Nu and Eu numbers 
depending of the Re for all four test performed are shown in 
Annex A. The error in measuring the different parameters was 
estimated using the recommendations of [11] and not in all 
cases exceeded 12%.  

 

DISCUSSION  

Heat Transfer 
Figure 5 shows the relationship between heat transfer and 

the dimensionless flow velocity, obtained from experimental 
data for the heat exchange surface of conical finned tubes in an 
equilateral triangle array.  

For comparison are also shown in Figure 5 the theoretical 
results of the calculated average heat transfer surface area for 
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equivalent conventional annular finned tubes using the 
methodology reported in [3]. 
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Fig. 5. Performance of dimensionless heat  

transfer versus dimensionless flow velocity.  
1. Experimental data; 2. Theoretical  

calculated using the methodology of [3].  
 

The theoretical calculations were performed considering 
the geometrical parameters of annular finned tubes and the heat 
transfer and flow conditions under which they were exposed as 
the same as for the conical finned tubes and the experiment. 
The only difference is that in one case the fins are annular and 
in the other are inclined at an angle of 45°.  

The plot in Figure 5 shows that the behavior of heat 
transfer corresponds to the expected results, i.e., with 
increasing speed also increases the convective coefficient. It is 
also noted that the heat transfer of the tube bank with conical 
fins at Re = 3.4·103 has a 48% increase, while at Re = 18.4·103 
the increment in heat transfer is 58% compared with the 
calculated results for annular fins.  

In the studied range of Reynolds number, Re = 3.4·103 to 
Re = 18.4·103 the line of approach of the experimental results 
also is shown in Fig. 5. From this approaching line was 
obtained the empirical correlation for calculating heat transfer 
of a bank of tubes with conical fins, in an equilateral triangle 
array:  
 

Nu = 0.0745 Re0.8  (4) 
 

Pressure drop 
Figure 6 shows the behavior of the dimensionless pressure 

drop versus the dimensionless flow velocity. Because the 
measured pressure at the first flow velocity value was very 
small and the sensitivity of the instrument was not properly 
allowed to obtain this reading, a bigger value of the Euler 
number was obtained in the first point. Therefore, it was made 
the decision to disregard it. 

The correlation for calculating pressure drop of a bank of 
tubes with conical fins in an equilateral triangle array in the 
range of Re = 3.4·103 to Re = 18.4·103, which is: 
 

Eu = 2.505 Re−0.152  (5) 
 

 
Fig. 6. Behavior of the dimensionless pressure drop 

versus dimensionless flow velocity.  
 

Tube bank efficiency 
Finally, figure 7 shows the plot of the efficiency of the 

tube bank with conical fins, which can be determined from 
joint analysis of heat transfer, external convection coefficient h, 
against pressure drop Δp caused by the tube bank.  
 

 
Fig. 7. Efficiency of the bank of tubes with conical 

fins.  
 
From figure 7 it is possible to determine what will be the 

pressure drop caused by the tube bank for a given convective 
heat transfer external coefficient. This plot is valid for the 
conditions under which was performed the experimental 
investigation and the geometrical characteristics of the 
elements studied in this work. 
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CONCLUSIONS  
In the range of Re = 3.4·103 to Re = 18.4·103 a bank of 

tubes with conical fins in an equilateral triangle array was 
characterized experimentally.  

The experimental results of the thermal behavior of a bank 
of tubes with conical fins showed an increase from 48% to 58% 
in heat transfer, compared with the theoretical results of a tube 
bank with annular finned tubes. Based on the experimental 
results, the empirical correlation for calculating heat transfer of 
a bank of tubes with conical fins with an equilateral triangle 
array was obtained.  

After comparison of experimental and theoretical results it 
is concluded that the surface of conical finned tubes can be 
applied in air-cooled exchangers because it has better thermal 
performance than the annular finned surface. However, the 
increment in pressure drop in the bank of tubes with conical 
fins has to be taken in account because could be necessary in 
some cases to change the fans of the air-cooled heat exchanger. 
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ANNEX A 

EXPERIMENTAL RESULTS 
 
 
 
 

Re 
TEST 1 TEST 2 

Eu Nu Eu Nu 
3371 0.9426 56.38 0.9363 54.65 
7132 0.6412 91.71 0.6769 101.51 

10866 0.5953 126.67 0.6261 133.08 
14784 0.58 174.15 0.5928 170.27 
18373 0.5733 204.13 0.5739 202.72 

 

 

Re 
TEST 3 TEST 4 

Eu Nu Eu Nu 
3371 0.9373 59.37 0.7811 52.78 
7132 0.6769 98.94 0.6412 88.01 

10866 0.6215 130.00 0.6012 119.48 
14784 0.5844 189.23 0.5625 157.41 
18373 0.5690 226.54 0.57 185.59 
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