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Abstract 

A numerical study was conducted for internal baffles fitted in 

circular pipe. The Baffles are rectangular in shape  their 

results are compared with cylindrical  tube. The simulation is 

carried out  for various velocities (0.001 to 0.1). The length 

cylindrical circular tube is 400 mm  and 20 mm in diameter. 

Commercial CFD software  fluent 14 is used for meshing 

process and in-house CFD solver is used for solving mass 

momentum, energy equations for internally fitted baffles.. The 

baffles are fixed up and down equally spaced on the internal 

wall of the pipe and constant heat flux is maintained at the 

surface of the pipe. The result shows that the heat transfer 

coefficient (Nusselt number) increases as the Reynolds 

number (velocity) increases from laminar to turbulent flow. 

The Nusselt number increase markedly in comparison to the 

simple tube. The profile of the Nusselt number is almost 

remain constant between the baffles spacing. the results are 

carried out for various Prandtl number (Pr=3,Pr=5).This study 

provides a frame work for design of heat exchanger system 

with integration of baffles internally. 

Keywords: Baffles, Flow, Heat transfer, Prandtl number, 

Reynolds number, Tube. 

 

INTRODUCTION 

To enhance the heat transfer rate in a heat exchanger is very 

important for industrial revolution. Therefore, lots of 

investigations with different techniques have been invented in 

last two decades. Among them Reconfiguration of 

geometrical parameter is one of the best method to increase 

the efficiency of heat exchanger. The baffles and rough 

surfaces have been used to increase heat transfer in channels 

or tubes. These types of obstruction break the viscous sub 

layer due to flow separation and re-association near the walls. 

Due to baffles a secondary flow introduced in circular pipe 

which increase the turbulent kinetic energy and heat transfer. 

Obstruction, ribs, baffles are frequently used for many years 

for enhancement of heat transfer in many applications such as 

gas turbine blades, nuclear reactor, heat exchanger etc. The 

literature reported in this area is very limited. However, a very 

few have been reported the data on a heat transfer in heat 

exchangers. Dogan and Sivrioglu studied [1-2] mixed 

convection heat transfer from longitudinal baffles in a 

horizontal channel. The ratio of height and spacing of the 

baffles are optimized to reach to the maximum heat transfer 

rate. Alternation of baffles space does effect heat transfer 

coefficient, but increasing the baffles height increases the heat 

transfer coefficient due turbulence in the flow. Oztop et al. [3] 

performed simulations of heat transfer and fluid flow in 

heated section for different Reynolds numbers changing from 

400 and 1300. They find the effect of triangular vortex 

promoters on heat transfer. Tahat et al. [4] In experiment heat 

transfer for pin fin arrays for different arrangements staggered 

and in-line arrangements is studied. Jeng and Tzeng [5], an 

experimental study is done to investigate drop of pressure and 

heat transfer characteristics of a circular and square fin, in 

different arrangements say in-line and staggered. In-line 

square fin array has smaller drop of pressure than in line 

circular pin fins. The staggered square pin fin configuration 

has the largest drop of pressure. Sahin et al. [6] find the 

overall heat transfer coefficient, friction factor and design 

parameters experimentally for the Reynolds number ranging 

from 13,500 to 42,000. High thermal performance is observed 

at lower clearance ratio. Baffle spacing and Reynolds numbers 

plays a significant role in heat transfer. Ayli et al. [7] find the 

effect of geometrical baffle parameters on heat transfer 

characteristics and velocity for turbulent air flow in triangular, 

rhombus and square cross section duct. Among them 

triangular and rhombus vortex is more effective to decrease 

maximum temperature. Akyol and Bilen [8] A experimental 

study is done to investigate heat transfer and friction loss for a 

horizontal rectangular channel. For Reynolds number 3000 to 

32,000 in the staggered array, more heat transfer is obtained 

than inline arrangement due to turbulent kinetic energy 

increase. It is also found that an increase in the Reynolds 

number causes more pressure drop and friction factor because 

of the obstruction in staggered arrangement than in-line. 

Wang et al. [9] find the flow and heat transfer characteristics 

inside a rectangular channel experimentally and Different 

shapes of baffles circular, elliptical, drop shaped pins of the 

same cross sectional area. The result shows that the heat 

transfer rate of drop shaped pin baffle is less than circular pin 

baffle.  S.K. Rout et al [15] reported that the use of baffle 

inside tube of heat exchanger enhance the heat transfer 

coefficient.  However, there is not any literature that gives 

effect of arrangement of the baffle in tube at various Prandtl 

numbers and various Reynolds number. Against this 

background, authors perform the numerical study of internally 

baffle attached in tube for knowing the following points. (a)  

Understanding of flow field and heat transfer characteristics 

of baffled circular tube, (b) effect of various Reynolds number 

on heat transfer in circular pipe and (c) find the Nusselt 

Number for different Prandtl number with the baffles 

arrangement in tube. 
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MATHEMATICAL MODEL 

 Figure 1 shows the schematic diagram of tube in which 

baffles is fitted internally. The tube is 400 mm in length and 

20 mm in diameter. The baffles are rectangular and equally 

placed on the walls of the tube. The geometrical construction 

and schematic diagram are shown in Figure1. The range of 

Reynolds number considered in this is laminar (20-2000). The 

walls of the tube are heated at constant heat flux of 2200 

W/m2. However, water enters at constant temperature 292 K. 

The governing equations which are solved for analyzing the 

thermo-hydrodynamic of tube having internal baffles are as: 

The continuity equation: 
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The energy equation 
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Physical properties of fluid are assumed to be constant and 

there is no slip condition is used in the circular tube as well as 

on the baffles. The rectangular baffles are assumed to be 

adiabatic. The geometry and meshing is done in ICEM 14.0 

and numerical simulation is conducted in-house CFD solver. 

The Equations (1-3) are solved for appropriate boundary 

conditions for flow in circular pipe. The computational 

domain with appropriate boundary conditions has been show 

in Figure(1)  

The temperature and velocity field are obtained by solving the 

Equation (1-3) numerical using finite volume in-house made 

CFD solver. Once you know the field variable, the derivate 

and transport coefficients such as heat transfer rate, heat 

transfer coefficient and Nusselt number have been calculated 

as: 
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SOLUTION METHODOLOGY 

Fluid flow and heat transfer rates inside baffled tube has been 

obtained by numerically solving the Navier-Stoke’s and 

energy equations (Equation 1-3) using in house CFD Solver.  

Details of the CFD Solver are reported by Authors elsewhere 

[10]. Velocity and temperature profiles inside the tube are 

obtained for different arrangement of tubes. From these data, 

the wall shear stress and heat transfer coefficient are 

calculated from Equation (4-8). The range of parameters 

considered is 20-2000 for Reynolds number and 1-5 for 

Prandtl number. The physical domain, as shown in figure 1, is 

discretized using commercial software ICEMCFD, as shown 

in Figure 2. The domain is subdivided into several contiguous 

control volumes on an unstructured tetrahedral grid. An 

unstructured tetrahedral grid is constructed by dividing the 

geometry into small cells that have a tetrahedral shape. In 

combination with a chosen basis function, such a cell is called 

an element. The discretized domain has been over an 

Unstructured tetrahedral grid is presented in Figure 2.The 

approximate solution is built by Finite Volume method. The 

strength of unstructured grid lies in its flexibility for very 

handling complex geometries. The computational approach 

adopted in the present study is based on finite volume 

discretization (FVM) of the three-dimensional unsteady 

Navier-Stoke’s equations over an unstructured mesh. Between 

vertex-centered and cell-centered placement of variables [10], 

the pressure correction procedure is cell centered, collocated 

with the fluid velocities. The unstructured mesh is filled with 

tetrahedral elements of nearly equal volumes. Pressure-

velocity coupling is treated using a smoothing pressure 

correction method that results in a SIMPLE-like algorithm. 

Convective terms are discretized by a second order upwind 

scheme. Geometry invariant features of the tetrahedral 

element are used so that the calculation of gradients at cell 

faces is simplified using nodal quantities of a variable. Nodal 

quantities, in turn, are calculated as a weighted average of the 

surrounding cell-centered values [11].  

 

Figure 1: Schematic diagram of tube having rectangular fin internally 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 6 (2018) pp. 278-285 

© Research India Publications.  http://www.ripublication.com 

280 

 

Figure 2: Meshing of the computational domain, Number of hexahedral element seven lakhs 

 

The diffusion terms are discretized using a 2nd order central-

difference scheme. The boundary conditions are discretized in 

spherical coordinates and transformed to Cartesian 

coordinates. The discretization of the free surface boundary 

condition and its transformation from spherical to Cartesian 

coordinates. The discretized system of algebraic equations is 

solved by the Stabilized Bi-Conjugate Gradient method 

(biCGStab) with a diagonal pre-conditioner. The overall 

solution algorithm used for the present study is quite like that 

proposed by Date [12]. Points of difference are related to the 

use of certain invariant properties of the tetrahedral element, 

powerful linear equations solver as well as a parallel 

implementation of the computer program. Iterations within the 

code are run till a convergence in terms of the residual of 

order 10-7 is reached. 

 

RESULT AND DISCUSSION 

Before the showing numerical simulation of internal baffle 

fitted tube, the in-house CFD code is validated with analytical 

solution of fluid flow in heated tube.  The flow is laminar at 

Re = 20 and Prandtl number (Pr) =1. The circular tube wall is 

under constant wall heat flux of 2200 W/m2. The Nusselt 

number is estimated using equation 6.  Figure 3 shows the 

variation of Nusselt number with respect to length of tube. 

This shows that the Nusselt number is initially very high 

during the developing region of tube.  However, in developed 

region the numerically estimated Nusselt number have close 

agreement with Nusselt number reported in textbook [22].  
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Figure 3: Nusselt Number vs Axial Position in Simple Tube 

 

Figure 4 shows the velocity and temperature contours of fluid 

flow in heated tube at Re = 20 and Pr =1 for constant flux 

boundary condition. Figure 4(a) shows at inlet of pipe velocity 

are uniform. However, it is maximum at the center of pipe in 

developed region.  
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Figure 4: Velocity and Temperature contour of Simple Tube at Reynolds Number (Re) =20 and Prandtl Number (Pr) = 1. 

 

Figure 5 shows the grid independence of the solution.  It 

shows the there is no difference in velocity profile after nine 

lakh grid. Therefore, simulation is carried out in this 

manuscript for case at cell number nine lakh.  

 

Figure 5:  Velocity profile in fully developed region for Re =2000 and Pr = 1. 

 

 

Figure 6: Velocity Contour for Reynolds Number (a)20, (b)500, (c)1000 & (d)2000 
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It is found that when Reynolds number increases from 20 to 

500 the Nusselt number becomes more than double. But when 

Reynolds number increases from 500 to 1000 the Nusselt 

number increases only about 18 %. Further when Reynolds 

number increases from 1000 to 2000 again the Nusselt 

number increases about 10 %. Also, the same behavior is 

observed when the fluid is transfer from laminar to turbulent 

17 % increases in Nusselt number.  

 

 

Figure 7: Temperature Contour for Reynolds Number (a)20, (b)500, (c)1000 and  (d) 2000 

 

 

To enhance the Nusselt number in this study we provide 

internally fitted baffles at equally spaced alternately up and 

down on the walls of the circular tube. The geometrical figure 

of the updated tube is shown in Figure (6). As observed from 

the simulated result the Nusselt is remain almost constant 

when baffles are present for low Reynolds number. But as the 

Reynolds number increases from 20 to 500 the Nusselt 

number become more than twice the low Reynolds number. 

Figure 8 indicates the baffled tube, initially the Nusselt 

number is very high but as the flow comes in region of fully 

developed flow the Nusselt becomes more than double.   

 

 

Figure 8: Comparison of Nusselt number vs Axial Position in Tube with and without baffles for   Reynolds number 500 
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Figure 9: Comparison of skin friction coefficient of Simple and Baffled Tube 

 

 

Figure 10: Nusselt number Variation along axial distance in baffled Tube at different Reynolds number for Prandtl number = 3 
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Figure 11: Nusselt number Variation along axial distance in baffled Tube at different Reynolds number for Prandtl number = 5 

 

SUMMARY AND CONCLUSION 

The  Nusselt number in simple tube increases as the velocity 

of fluid increases. similarly in case of  baffled tube the  

Nusselt number increases as the Reynolds number increases. 

The baffles breaks the viscous sub layer due to flow 

separation and re-association near the walls. Because of 

baffles a secondary flow is introduced in circular pipe fitted 

with internal baffles increase the turbulent kinetic energy and 

heat transfer. Hence , in case of internally fitted  baffled tube 

Nusselt increases almost four times. But as the  flow transition 

take place from laminar to turbulent the Nusselt number 

decreases due non availability of obstruction .so we take 

different points in between the baffles and try to avoid the 

inhomogeneous  behavior of Nusselt number.  
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