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Abstract: The enhancement of heat transfer performance 

is being proposed and evaluated from past many decades 

to improve its efficiencies in various applications. The 

heat transfer rate depends on various parameters like 

surrounding temperature, properties of fluid, cross-

section area of the tube, which give a significant 

contribution in heat transfer rate. This study focuses on 

the heat transfer performance of three cross-sections of 

straight tube heat exchangers i.e., circular, triangular, 

square. In this study the constant wall temperature 

boundary condition is adopted and the numerical 

evaluation is done accordingly, while a large temperature 

difference is maintained between inlet and wall of the 

heat exchanger. Constant length and identical cross-

section area are maintained in all the cases. The results 

indicate temperature change, velocity change, pressure 

drop along the length of the tube. 

 

Keywords : Constant wall temperature, identical cross-

section area, constant length, heat exchanger. 

 

1. Introduction 

 

In our daily lives we see a lot of heat exchanger 

applications around us. It is important to figure out the 

best heat exchanger design to enhance the heat transfer 

rate. The heat exchange process depends on the internal 

flow through pipes [1] i.e., boundary layer formation, 

type of flow (laminar, turbulent), type of fluid used etc.  

The flow inside the tube depends on the entry conditions, 

the cross-section of the tube (Circle, Triangle, Square) 

depicted in F. W. Schmidt [2].Many studies have been 

featured for the enhancement of heat transfer such as, 

adopting nanoparticles like CuO, Al2O3[3,4]. 

Most of studies on heat exchangers have been on 

circular cross-section tube. Therefore, this study focusses 

on non-circular tubes (square, triangular) with identical 

cross-section area in high temperature heat exchanger 

application with constant wall temperature [6, 7]. 

 

 

 

 

 

 

Nomenclature 
u  - velocity 

�- dynamic viscosity 

Cp - specific heat of the working fluid 

� – density 

P  -  pressure 

T  - temperature 

K  -  thermal conductivity 

 

2. Mathematical model 

 

A 3D Computational Fluid Dynamic model for 

various cross-sections (circular, square, triangular) 

have been developed with an ideal fluid (Newtonian 

fluid) inside them. Schematic representation of the 

models is done in Fig. 1, Fig. 2 and Fig. 3 and details 

were tabulated in Table 1. 

 

2.1 Constitutive Relations 

The model adopted here is with high wall 

temperature so, the water cannot be taken as a 

working fluid which will induce phase change. So in 

this study air is taken as working fluid. As properties 

of working fluid changes with the change in 

temperature along the flow inside the tube, the 

functions below mentioned are adopted to calculate 

the properties, which vary according to the 

temperature change. The equations for functions were 

taken from Kays et al. [5]. 
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Figure 1.  Model of circular tube

Figure 2. Model of square tube

Figure 3. Model of triangular tube

Characteristic Length in each geometry arecalculated 

using the formula:  

Dh= (4×A)	P 

Where, A= Area of cross-section of tube. 

             P= Perimeter of the cross-section. 

The values calculated are tabulated in Table 2.

2.2 Boundary conditions 

● Inlet: The velocity (uin) is given as 0.5 m/s and 

temperature of 298.15 K is at the inlet. 

● Outlet: The outlet is given with zero gauge pressure, 

i.e., P =0. 

● Wall: No slip conditions and constant wall 

temperature are given to the wall, i.e., 

Twall=573K 

 

2.3Model data 

The domains depicted in Fig. 1, Fig. 2, and Fig. 3, were 

 

of circular tube 

 

Model of square tube 

 

Model of triangular tube 

Characteristic Length in each geometry arecalculated 

 

are tabulated in Table 2. 

) is given as 0.5 m/s and 

 

The outlet is given with zero gauge pressure, 

No slip conditions and constant wall 

ature are given to the wall, i.e., u=0, 

The domains depicted in Fig. 1, Fig. 2, and Fig. 3, were 

modelled in designmodeler in workbench, to which a 

fine mesh was done in the workbench and the mesh 

was imported into fluent and 

specified boundary conditions. 

Table 1. Geometrical Parameters

Parameter Value 

Circle(diameter) 35.682 

Square(side) 31.622 

Triangle(side) 48.056 

Length 3500 

Area =1000 mm
2
 (identical in all three cases)

Table 2. Characteristic Length

Geometry Characteristic 

Length 

Circle 35.682 

Square 31.622 

Triangle 27.745 

2.4 Solver 

To ensure that the result is accurate, grid 

independence test was performed by varying the 

mesh size until no significant 

From the result it can be inferred that a mesh with 

2.5×105 (approximately) elements was enough to 

solve the models. The model was solved 

order upwind discretization, Semi

Linked Equation algorithm. It is note

average of 80 to 120 iterations were required for the 

convergence of the model and takes 5

device with Intel - i5 processor (2.60 GHz) with 4GB 

RAM. 

3. Results and Discussion

3.1 Model Validation 

The result is then compared with the

correlation that was depicted in T. Yilmaz and 

E.Cihan [8] shown in Fig. 16, Fig. 17, Fig. 18,.The 

correlation is used to show that the trend of  Nusselt 

number curve for the flow reaches a constant value at 

hydro - dynamically and thermall

(HDTF).  

3.2 Effect of Geometry 

modelled in designmodeler in workbench, to which a 

fine mesh was done in the workbench and the mesh 

was imported into fluent and solved by giving the 

 

Geometrical Parameters 

Units 

mm 

mm 

mm 

mm 

(identical in all three cases) 

Characteristic Length 

Characteristic 

 

Units 

 mm 

 mm 

 mm 

To ensure that the result is accurate, grid 

independence test was performed by varying the 

mesh size until no significant changes were seen. 

From the result it can be inferred that a mesh with 

(approximately) elements was enough to 

solve the models. The model was solved by second-

order upwind discretization, Semi-Implicit Pressure-

Linked Equation algorithm. It is noted that an 

average of 80 to 120 iterations were required for the 

convergence of the model and takes 5-10 min on the 

i5 processor (2.60 GHz) with 4GB 

3. Results and Discussion 

The result is then compared with the Nusselt number 

correlation that was depicted in T. Yilmaz and 

E.Cihan [8] shown in Fig. 16, Fig. 17, Fig. 18,.The 

correlation is used to show that the trend of  Nusselt 

number curve for the flow reaches a constant value at 

and thermally developed flow 
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Figure 4.  Axial Velocity profile at 1500mm 

(Value=1.23m/s) 

Figure 5.  Axial Velocity profile at 1500mm 

(Value=1.26m/s) 

Figure 6. Axial Velocity profile at 1500mm 

(Value=1.35m/s) 

Axial velocity profiles were represented 

1500 mm in Fig. 4, Fig. 5, and Fig. 6 for each of the 

geometries. 

 

Axial Velocity profile at 1500mm 

 

Axial Velocity profile at 1500mm 

 

Axial Velocity profile at 1500mm 

 at the end of 

for each of the 

Figure 7.  Temperature contour at 1500mm 

(Value=446 K)

Figure 8.  Temperature contour at 1500mm 

(Value=455 K)

Figure 9.  Temperature contour at 

(Value=470 K)

 

Temperature contour at 1500mm 

(Value=446 K) 

 

Temperature contour at 1500mm 

(Value=455 K) 

 

Temperature contour at 1500mm 

(Value=470 K) 
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Figure 10.  Pressure drop plot for Circular tube

Figure 11.  Pressure drop plot for square tube

Figure 12.  Pressure drop plot for triangular tube

 

Pressure drop plot for Circular tube 

 

Pressure drop plot for square tube 

 

Pressure drop plot for triangular tube 

Figure 13.  Temperature variation for 

Figure 14.  Temperature variation for square tube

Figure 15.  Temperature variation for 

 

Temperature variation for circular tube 

 

Temperature variation for square tube 

 

Temperature variation for triangular tube 
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Figure 16.  ‘Nu’ variation for circular tube

Figure 17.  ‘Nu’ variation for square tube

Figure 18.  ‘Nu’ variation for triangular tube

3.3 Heat transfer performance 

From the contours shown in Fig. 7, Fig. 8, Fig. 9, it can 

be seen that triangular tube has more heat transfer rate 

 

‘Nu’ variation for circular tube 

 

‘Nu’ variation for square tube 

 

‘Nu’ variation for triangular tube 

From the contours shown in Fig. 7, Fig. 8, Fig. 9, it can 

be seen that triangular tube has more heat transfer rate 

than the other two sections. From the results the 

triangular tube can be proposed for the heat exchange 

application with large temperature difference. Also 

the pressure drop plots, can be seen in Fig. 10, Fig. 

11, Fig. 12, respectively. These plots indicate that the 

heat transfer in triangular tube is more than that in the 

circular or square sections. The axial velocities, 

pressure drop and temperature for all the tubes, at 

different lengths can be inferred from Table 3. Table 

4.Table 5. 

Table 3. Parameters of c

Position 

(m) 

Temperature 

(K) 

Velocity

(m/s)

0 298.15 

0.5 315 0.96

1 375 1.12

1.5 446 1.23

2 485 1.30

2.5 520 1.33

3 540 1.35

3.5 550 1.36

Table 4. Parameters of s

Position 

(m) 

Temperature 

(K) 

Velocit

y

(m/s)

0 298.15 0.5

0.5 318 1.05

1 385 1.16

1.5 455 1.26

2 497 1.32

2.5 527 1.35

3 545 1.38

3.5 552 1.39

 

than the other two sections. From the results the 

triangular tube can be proposed for the heat exchange 

mperature difference. Also 

, can be seen in Fig. 10, Fig. 

11, Fig. 12, respectively. These plots indicate that the 

heat transfer in triangular tube is more than that in the 

circular or square sections. The axial velocities, 

drop and temperature for all the tubes, at 

different lengths can be inferred from Table 3. Table 

Parameters of circular tube 

Velocity 

(m/s) 

Gauge 

Pressure 

(Pa) 

0.5 3.60 

0.96 3.40 

1.12 3.05 

1.23 2.55 

1.30 2.10 

1.33 1.55 

1.35 1.05 

1.36 0.60 

of square tube 

Velocit

y 

(m/s) 

Gauge 

Pressure 

(Pa) 

0.5 4.10 

1.05 3.80 

1.16 3.45 

1.26 2.75 

1.32 2.35 

1.35 1.75 

1.38 1.20 

1.39 0.60 
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Table 5. Parameters of triangular tube 

Position 

(m) 

Temperature 

(K) 

Velocit

y 

(m/s) 

Gauge 

Pressure 

(Pa) 

0 298.15 0.5 4.75 

0.5 325 1.08 4.51 

1 400 1.25 3.95 

1.5 470 1.35 3.26 

2 512 1.41 2.65 

2.5 538 1.44 2.00 

3 551 1.46 1.29 

3.5 560 1.48 0.70 

 

4. Conclusion 

The above results indicate that the triangular tube is more 

efficient when compared to that of the other two. But, the 

conditions taken are incompressible, laminar flow and 

Newtonian fluid, which are not practically possible. 

There can be turbulence in flow of fluids which is 

unpredictable and also this case deviates when non - 

Newtonian fluids are introduced into the system. Friction 

is also a factor that is responsible for development of heat 

transfer which is not considered in this study. 

Considering the above factors there may be much 

deviation in the heat transfer rate of the working fluid. 

5. Future Scope 

The above study can be performed for turbulent flow 

conditions and the working fluid may be changed i.e., any 

non - Newtonian fluid is appreciable. Also, a study can be 

made by taking friction into account. 
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