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Abstract: In this study, a detailed technique is built to examine the effectiveness of a shell and tube heat 

exchanger (STHE) with 35% baffle cuts (Bc) and variable numbers of baffles. Water was used as the working 

fluid in CFD simulations of a single pass and single tube heat exchanger. For this simulation investigation, 

a counterflow approach is used. The commercial CFD software package ANSYS-Fluent was utilized for 

computational analysis of STHE, and distribution of temperature was obtained due to the usage of copper 

and aluminum materials. In this research, the shell and tube heat exchanger was studied with the number of 

baffles of four, and six pieces by varying the mass flow rate value which is 0.5,0.8, and 0.9. From this 

research, it was found that the highest total heat transfer rate and highest heat transfer coefficient is produced 

by copper with Six baffles at 0.9 mass flow rate. 

 

Keywords: Shell and tube heat exchanger, Mass flow rate computational fluid dynamics (CFD), Ansys 

Fluent. 

 

I. INTRODUCTION  

    Heat exchangers are devices that transmit thermal energy from a solid item to a fluid, or from two or more fluids to a 

solid object. A substantial wall might separate the fluids to prevent them from mixing, or they could be in direct contact. 

Space heating, refrigeration, air conditioning, power plants, petrochemical, chemical, and pharmaceutical industries, natural 

gas processing, and wastewater treatment are just a few of the applications. 

    In the STHE design, the baffling range and baffle gap are key characteristics. When baffle spaces are left larger or smaller 

than the optimum design, huge vortices of poorly dispersed flow, dead zones, and higher-pressure losses than expected 

occur. (Biçer et al., 2020) 

    According to research, 35–40% of heat exchangers used in industry are ST due to their strong structure and ease of 

maintenance. The use of baffles can help ST work more effectively. (Kunwer et al., 2020) 

    The shell-and-tube heat exchanger, as shown in Figure 1, is the most popular type of heat exchanger used in industrial 

applications. Heat exchangers with a large number of tubes are called shell-and-tube heat exchangers (sometimes several 

hundred) packed in a shell, axes parallel to the shell. Heat transfer takes place as one fluid flows inside the tubes while the 

other fluid flows outside the tubes through the shell. Baffles are typically used in the shell to push the shell-side fluid to 

flow across the shell, improving heat transfer and maintaining consistent tube spacing. 

 
Figure 1 The schematic of a shell-and-tube heat exchanger (one-shell pass and one-tube pass) 
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    A shell-and-tube heat exchanger's number of shell and tube passes is further classified. Heat exchangers with one-shell-

pass and two-tube-pass heat exchangers, for example, have all ofthe tubes do one U-turn in the shell. A two-shell-passes and 

four-tube-passes heat exchanger, on the other hand, is known as a two-shell-passes and four-tube-passes heat exchanger. 

(Çengel, Yunus A, and Afshin J. Ghajar. Heat and Mass Transfer: Fundamentals & Applications. New York: McGraw-Hill) 

 

Figure 2 (a) One-shell pass and two-tube passes 

Figure 3 (b) Two-shell passes and four-tube passes 

    On the shell side of heat exchangers, baffles are used to support heat transfer tubes and govern shell-side flow distribution, 

which has a significant impact on heat transfer enhancement and thermal-hydraulic performance. (Wang et al., 2018) 

    Several quantitative design criteria, such as thermodynamic and geometric characteristics, are employed to arrive at an 

optimal heat exchanger design. The duty and corrosiveproperties of the process fluids will have an impact on the material 

used to create the specific device. (Vetrivel et al., 2015) 

    The different leakage channels and bypass streams that exist inside the various flow zones make shell side design 

particularly difficult; the leakages and streams vary depending on the shell design and size. Computational Fluid Dynamics 

(CFD) is a well-known industry technique that can visualize flow and temperature fields on the shell side, as well as simplify 

fault assessment and direct the designer in the right direction. (Vetrivel et al., 2015) 

    The material used and the number of baffles used has a big impact on the change in coefficient and heat transfer rate 

from STHE. The temperature outside the shell is affected by changes in material and the number of baffles. The pressure 

drop is affected by changes in material and the number of baffles inside the shell. (Permatasari & Yusuf, 2018) 

    The working fluids enter at the heat exchanger's opposing ends (i.e., counter-flow), and baffles are used to create 

turbulence and cross-flow velocity components, which raise the shell side fluid's convection coefficient. The combined 

effects of cross and counter flow configurations occur in this heat exchanger system. The baffles also prevent the tube 

bundle from bending and the impacts of fluid-induced vibration on the shell side. Tube sheets, which are welded to the shell 

body, secure the tubes. (Abeykoon, 2020) 

 

Design of Shell and tube heat exchanger in Ansys Spaceclaim 

For designing of model Ansys software 2020 R1 is used here are some key points for Ansys software: 

 Ansys develops and markets engineering simulation software for use across the product life cycle 

 Ansys Mechanical finite element analysis software is used to analyze the strength, toughness, elasticity, 

temperature distribution, electromagnetism, fluid flow, and other properties of structures, electronics, or machine 

components using computer models. 

 Ansys is used to determine how a product will perform under various conditions without having to create test 

products or do crash tests. 

 Ansys users often split down bigger structures into little components that are each designed and tested separately 

which is also known as Finite Element Analysis (FEA). 

T    he shell and tube heat exchanger (STHE) geometry were adapted from the experimentally validated work of Ozden and 

Tari (2010) and some modifications is also done, which designed based on the standards of the Tubular Exchanger 

Manufacturers Association (TEMA). 

Table 1 Geometric dimensions of shell and tube heat exchanger. 

Variables Dimensions 
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Shell size Ds 90 mm 

Tube outer diameter, do 19 mm 

Tube bundle geometry and pitch Triangular, 30 mm 

Number of tubes, Nt 7 

Heat exchanger length, L 600 mm 

Shell side inlet temperature, T 300 K 

Baffle cut Bc 35% 

Number of baffles, Nb 6 and 4 

Central baffle spacing, B 86 mm for 6 Nb and 120 mm for 4 Nb 

 

Design of STHE in Ansys software 

 
Figure 4 Isometric view of the arrangement of baffles and tubes of shell and tube heat exchanger with 4 baffles. 

 
Figure 5 Isometric view of the arrangement of baffles and tubes of shell and tube heat exchanger with 6 baffles. 

III. MESH SELECTION 

    ANSYS's default meshing client was used for meshing. The fine mesh with approximately 288784 elements will serve 

as data points for the temperature and flow of the fluids during the numerical simulation. Various combinations of automatic 

meshing methods developed in the program were used to disperse the mesh elements and nodes throughout the equipment. 

The mesh along the wall regions was controlled and concentrated using face and body selection. 
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    Mesh generation is performed using Ansys software. The fine mesh with approximately 288784 elements. The STHE's     

resultant mesh is shown in Figure 3, and the mesh quality statistics are as follows: Number of Elements is 1063682 with 

fine mesh size and curvature angle > 180. 

Figure 6 Meshing of Shell and Tube Heat Exchanger 

 

IV. COMPUTATIONAL FLUID DYNAMICS (CFD) 

    CFD is the study of forecasting fluid flow, heat transfer, mass transfer, chemical reactions, and related phenomena by 

utilising a numerical algorithm (a computer) to solve the mathematical equations that govern these processes. CFD analyses 

produce important engineering data that can be used in conceptual design studies, detailed product development, 

troubleshooting, and redesign. 

    To use CFD, the geometry of interest is first divided into a number of computational cells, or discretized process of 

approximating differential equations by a system of algebraic equations for the variables at a set of discrete locations in 

space and time is known as discretization. The grid or mesh is the term for the discrete locations. (“Realize Greater Benefits 

from CFD,” n.d.) 

 

4.1 Advantage of CFD: 

 Cost-cutting in development, obtaining necessary engineering data for design through physical experiments and 

tests can be costly. 

 CFD simulations are quite affordable, and as computers become more powerful, costs are projected to reduce. 

 Rapid evaluation of design variations, CFD simulations can be completed in a relatively short amount of time. 

 Early in the design phase, engineering data might be introduced. 

 Information that is comprehensive, Data can only be gathered from a restricted number of sites in the system during 

experiments (where sensors and gauges are placed). 

 The designer can investigate any point in the region of interest using CFD and assess its performance using a set 

of thermal and flow metrics. 

 CFD enables the theoretical simulation of any physical condition. 

 CFD gives you a lot of control over the physical process and allows you to isolate individual phenomena for 

research. 

 

4.2 Application of CFD 

 Heat Transfer and Thermal Management Simulation in CFD 

 Pipe and Valve Simulation with CFD 

 Simulating Electronics Cooling with CFD 

 Incompressible and Compressible Flow with CFD Simulation 

 Turbo machinery CFD Simulation 

 High Rheology Material CFD Simulation 

 

V. RESULTS AND DISCUSSION 
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5.1 Problem Setup 

    ANSYS® FLUENT® 2020 R1 was used for simulation. For the simulation, the Fluent solver was used to select the 

Pressure Based type, absolute velocity formation, and steady time. The energy calculation option was enabled in the model, 

and the viscous was set to standard wall function (k-epsilon 2 equation). 

    Water-liquid fluid was chosen as the cell zone fluid. Water-liquid and cupper aluminium were used as modelling 

materials. Inlet and outflow boundary conditions were chosen. Themass flow rate was set at 0.5, 0.8, and 0.9kg/s while 

temperature is set at 300k for cold inlet. At hot inlet also mass flow rate was set as 0.5,0.8 and 0.99kg/s and a temperature 

at 450K. In each input, the mass flow was chosen. In order to determine the relative pressure,drop between the inlet and 

output, the outlet nozzle is set to zero-gauge pressure. The velocity profile at the inlet is considered to be uniform. 

All surfaces have the no-slip condition. The shell exterior wall is given the zero-heat flux boundary condition, assuming the 

shell is completely insulated on the outside. 

 

5.2 Convergence of Simulation 

    To obtain the parameters of the shell and tube heat exchanger in the exit, simulation convergence is necessary. It also 

provides exact parameter values for heat transfer rate requirements. The parts of scaled residual that must converge in a 

certain region are continuity, X-velocity, Y-velocity, Z-velocity, energy, k, and epsilon. X-velocity, Y- velocity, Z-velocity, 

k, epsilon should be less than 10-4 and energy should be less than 10-7for continuity. 

 
Figure 7 Convergence simulation 

 

5.3 Variation of Temperature 

Contour plots over the cross section at various baffle inclinations along the length of the heat exchanger will provide a 

detailed picture of the flow. In comparison to the number of baffle and mass flow rate 0.5,0.8, and 0.9, various temperature 

profile graphs are made. 

 

 

 

 

 

 

 

 

 
Figure 8 Temperature Distribution of 4 baffle at 0.5 kg/s. 
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Figure 9 Temperature Distribution of 4 baffle at 0.8kg/s 

Figure 10 Temperature Distribution of 4 baffle at 0.9 kg/s. 

    Figures 4.9, 4.10 and 4,11 show the overall temperature profile of the cross-sections shown in the thermal contours, it is 

evident that the fluid near the inner tube is more heated than the fluid near the outer tubes. Thus, most of the heat transfer 

occurs due to the fluid near the inner tube, as depicted by the high temperature gradient near the center of the figures, versus 

the lower temperature gradient of the fluid far from the center of the shell. In the figures, it can be seen that regardless of 

the fluid used, heating is uniform until approximately 0.30 m of the heat exchanger, wherein a temperature gradient begins 

to appear. 

 

5.4 Variation of Pressure 

    The below figure shows the pressure distribution across the shell and tube heat exchanger. The pressure drops inside the 

shell increase as the mass flow rate increases. By increasing the number of baffle pressure drop is also increase the pressure 

varies significantly from intake to output. The contours of static pressure are depicted in all of the figures to provide a more 

detailed understanding 
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Figure 11 Pressure Distribution of 4 baffle at 0.5 kg/s 

Figure 12 Pressure Distribution of 4 baffle at 0.8 kg/s. 

 

Figure 13 Pressure Distribution of 6 baffle at 0.5 kg/s 

    From the figure 4.11, 4.12 and 4.13 it was observed the highest-pressure drop were found with the 0.9kg/s mass flow rate 

having 4 and 6 baffles. By using the copper material value of pressure increase compare to aluminum material 
 

5.4 Streamline the flow of hot and cold fluid: 

    In order to better understand the impact of nozzle and tube configuration on fluid pressure drop, streamlines are created 

for tube and shell. The color shows a decrease in speed due to the placement of a baffle inside the shell, the fluid's speed 

has decreased. It is observed that the flow hits the baffle plate, and the direction of the flow is changed. Therefore, the shell 

space behind the baffle is not effectively used for cross flow, as shown in Fig. 4.17 By using 4 and 6 baffles it is clear that 

as the number of baffles increases this region will be reduced and flow will be well developed. 
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Figure 14 Streamline flow for tube fluid 

Figure 15 Streamline flow for Shell fluid. 

 

4.6 Post Processing 

    The simulations' desired outcome is regulated in the post-processing stage. After calculating the solutions, ANSYS 

generates automatic reports for the fluxes and surface area variables. The parameters that are directly obtained from the 

ANSYS Fluent results are the total heat transfer rate, shell output temperature, and pressure drop. An equation was used to 

calculate the heat transfer coefficient, has  follows: 

h =   Q/A (Twall -T bulk) …. (1) 

Here, Q is the total heat transfer rate, A is the heat transfer area 

          Twall is the average wall temperature, 

          Tbulk is the bulk temperature and is the average of the inlet and outlet shell temperature 

 

Total Heat Transfer Rate: 

For validation of the total heat transfer rate given value was used 

Q = m * Cp * ∆T     …...  (2) 

Where m = mass flow rate  

Cp = Specific Heat of Water 

∆T = Temperature Difference Between Shell Side 
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Nb Mass flow rate (Kg/ s) Result of CFD analysis Analytical calculation 

Shell side outlet temp. 

(k) 

Total heat  transfer rate(w) Total heat transfer rate (w) 

4 0.5 315.69 32808.49 32807.79 

 0.8 314.209 47544.67 47537.79 

 0.9 313.94 52486.33 52467.37 

6 0.5 316.06 33607.68 33581.46 

 0.8 314.617 49143.78 48902.63 

 0.9 314.44 54412.26 54349.27 

Table 2 Comparison between CFD and an analytical result of total heat transfer of aluminum: 

 
Figure 16 Bar chart of CFD and Analytical result of Total heat transfer rate (w) 

CFD results are presented on the left side of the table. The shell side outlet temperature and shell side total heat transfer rate 

values are obtained directly from the Ansys fluent. The total heat transfer values are calculated using Equation 2 for 

validation. We can see from Tables 4-3 and in the bar chart, that the CFD value and theoretical very minor differences are 

present. 

Table 3 Comparison between CFD and an analytical result of total heat transfer of copper. 

Nb Mass flow 

rate (Kg/ s) 

Result of CFD analysis Analytical calculation 

Shell side outlet 

temp. (k) 

Total heat transfer rate(w) Total heat transfer rate (w) 

4 0.5 316.07 33576.13 33602.37 

0.8 314.6325 48961.4 48954.492 

0.9 314.3177 53902.8 53888.959 

6 0.5 316.256 34029.54 33991.296 

0.8 314.8746 49798.09 497964.46 

0.9 314.6569 55226.91 55165.64 

 

Chart 
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Result of CFD analysis Total heat transfer rate(w) Result of CFD analysis Total heat transfer rate 
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Figure 17 Bar chart of CFD and Analytical result of Total heat transfer rate (w). 

     It is observed from table 4.4 and bar chart 4.12 value of the Total heat transfer rate and shell side temperature of copper 

is more than the value of aluminum and the analytical method shows better agreement with the CFD result. 

Table 4 Comparison of pressure drop of copper and aluminum 

Nb Mass flow rate 

(Kg/ s) 

Pressure drops of 

aluminum 

Pressure drops of 

copper 

4 0.5 2500.58 2526.42 

0.8 6417.91 6410.06 

0.9 8144.03 8118.30 

6 0.5 2811.72 2810.81 

0.8 7199.00 7190.30 

0.9 9083.00 9079.57 

As the mass flow rate increases the value of pressure drop is also increased, when comparing the value of aluminum and 

copper, the pressure drop reduces comparatively in copper as the mass flow rate increase 

Table 5 Comparison between CFD and an analytical result heat transfer coefficient 
Nb Mass flow rate 

(Kg/ s) 

Result of CFD analysis Analytical calculation 

Shell side 

outlet temp. (k) 

Heat transfer 

coeff. (W/m2K) 

Kern method Heat 

transfer coeff. (W/m2K) 

Bell-Delaware method 

Heat transfer coeff. (W/m2K) 

4 0.5 315.69 1440.00 1477.00 1560.4 

0.8 314.209 2190.99 1912.60 2134.8 

0.9 313.94 2408.73 2081.58 2273.8 

6 0.5 316.06 1574.86 1796.00 1956.4 

0.8 314.617 2141.34 2367.70 2601.01 

0.9 314.44 2499.41 3185.76 2789.09 
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    Table 5 summarizes the results of the present CFD model, as well as the differences between them and the data obtained 

using the Kern and Bell-Delaware method. In general, as the mass flow rate rises the shell outlet temperature decreases, 

and the heat transfer coefficient increases. It has been discovered that the Kern approach consistently underestimates the 

heat transfer coefficient. This is to be expected, as the Kern technique is a conservative approach. In the overall heat transfer 

coefficient calculation, the Bell– Delaware approach agrees better with the CFD results. In general, increasing the mass 

flow rate increases the difference. CFD results are compared to Bell–Delaware results for each parameter combination while 

selecting modeling parameters. Following the elimination of scenarios with unexpected outcomes, the case with the best 

agreement with the Bell– Delaware is chosen for modeling. 

    CFD results are presented on the left side of the table. The shell side outlet temperature, and total heat transfer rate values 

are obtained directly from the CFD runs. The heat transfer coefficient values are calculated using Equation 1. For the shell 

outlet value, the CFD values are utilized 

 

VI. CONCLUSION 

    A small shell-and-tube heat exchanger's modelled in enough depth to resolve the flow and temperature fields. Shell side 

heat transfer coefficient, pressure drop, and heat transfer rate data are calculated using CFD simulation results for fixed tube 

wall and shell inlet temperatures. The mesh density, sequence of discretization, and turbulence modelling affect the 

sensitivity of the shell side flow and temperature distributions. For the Second- order discretization, the k–e realizable 

turbulence model with Second-order discretization and a fine mesh is chosen as the optimum simulation approach after 

comparison with Bell– Delaware results. 

    The simulation findings are compared to the results from the Kern and Bell–Delaware techniques by altering the number 

of baffles 4 and 6 and the baffle cut values of 35 percent 0.5, 0.8, and 0.9 kg/s mass flow rates. The Kern approach is found 

to consistently underestimate the heat transfer coefficient. The CFD simulation findings for suitably spaced baffles are 

found to be in extremely good agreement with the Bell–Delaware results. This research has led to the conclusion that 

changing the number of baffles, material selection, and mass flow rate plays a vital role in temperature outlet value, as well 

as other factors like total heat transfer rate and heat transfer coefficient. 
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