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ABSTRACT 

Shell and tube heat exchangers are having special importance in boilers, oil 

coolers, condensers, pre heaters. They are also widely used in process 

applications as well as the refrigeration and air conditioni ng industry. The 

robustness and medium weighted shape of shell and tube heat exchangers 

make them well suited for high pressure operations. The aim of this study is 

to experiment, validate and to provide design suggestion to optimize the Shell 

and Tube Heat Exchanger (STHE). The heat exchanger is made of acrylic 

material with 2 baffles and 7 tubes made of stainless steel. Hot fluid flows 

inside the tube and cold fluid flows over the tube in the shell. 4 K-type 

thermocouples were used to read the hot and cold fluids inlet and outlet 

temperatures. Experiments were carried out for various combinations of hot 

and cold water flow rates with different hot water inlet temperatures. The flow 

conditions are limited to the lab size model of the experimental setup. A 

commercial CFD code was used to study the thermal and hydraulic flow field 

inside the shell and tubes. CFD methodology is developed to appropriately 

represent the flow physics and the procedure is validated with  the 

experimental results. Turbulent flow in tube side  is observed for all flow 

conditions, while the shell side has laminar flow except for extreme hot water 

temperatures. Hence transition k -kl-omega model was used to predict the flow 

better for transition cases. Realizable k -epsilon model with non-equilibrium 

wall function was used for turbulent cases. Temperature and velocity prof iles 

are examined in detail and observed that the flow remains almost uniform to  

the tubes thus limiting heat transfer. Approximately 2/3 rd of the shell side 

flow does not surround the tubes due to biased flow contributing to reduced 

overall heat transfer and increased pressure loss. On the basis of these 

findings an attempt has been made to enhance the heat transfer by inducing 

turbulence in the shel l side flow. The two baffles were rotated in opposite 

direction to each other to achieve more circulation in the shell side flow and 

provide more contact with tube surface. Various positions of the baffles were 
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simulated and studied using CFD analysis and the results are summarized 

with respect to heat transfer and pressure loss.  

 

Keywords: Heat exchangers; Turbulence; Shell  and Tube; CFD analysis; 

Validation; Optimization 

 

INTRODUCTION 

 
A heat exchanger is a piece of equipment built for efficient heat  transfer from one medium to another. The media may 

be separated by a solid wall to prevent mixing or they may be in direct contact. They ar e widely used in space heating,  

refrigeration, air conditioning, power plants, chemical  plants, petrochemical plants, petroleum refineries, natural gas 

processing, and sewage treatment. The classic example of a heat exchanger is found in an internal combustion engine 

in which a circulating fluid known as engine coolant flows through radiator coils and  air flows past the coils, which 

cools the coolant and heats the incoming air. There are three primary classifications of heat exchangers according to 

their flow arrangement. In parallel  flow heat exchangers, the two fluids enter the exchanger at the same end, and 

travel in parallel to one another to the other side. In counter flow heat exchangers the fluids enter the exchanger from 

opposite ends. The counter current design is the most efficient, in that it can transfer the most heat from the heat 

(transfer) medium due to the fact that the average temperature difference along any unit  length is greater. In a cross 

flow heat exchanger, the fluids travel  roughly perpendicular to one another through the exchanger.  

 
For efficiency, heat exchangers are designed to  maximize the surface area of the wall between the two fluids,  while 

minimizing resistance to fluid flow through the  exchanger. The exchanger's performance can also be affected by the 

addition of fins or corrugations in one or both directions, which increase surface area an d may channel fluid flow or 

induce turbulence [1] . 

 
The driving temperature across the heat transfer surface varies with position, but an appropriate mean temperature 

can be defined. In most simple systems this is the " Log Mean Temperature Difference" (LMTD). Sometimes direct 

knowledge of the LMTD is not available and the  NTU method is used [2 ] . 

 

Most common type of heat exchangers is  

 Double pipe heat exchanger. 

 Shell and Tube heat exchanger . 

 Plate heat exchanger. 

 

This paper deals with working principle, experimentation and validation of shell and tube heat exchanger  [3 ] . 

 

Shell and tube heat exchangers 

Shell and tube heat exchangers consist of a series of tubes. One set of these tubes contains the fluid that must be 

either heated or cooled. The second fluid runs over the tubes that are being heated or cooled so that it can either 

provide the heat or absorb the heat required  [4] . A set of tubes is called the tube bundle and can be made up of 
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several types of tubes: Plain, longitudinally finned, etc. Shell and tube heat exchangers are typically used for high 

pressure applications (with pressures greater than 30 bar an d temperatures greater than 260°C). This is because the 

shell and tube heat exchangers are robust due to their  shape [5 ] . Several thermal design features must be considered 

when designing the tubes in the shell and tube  heat exchangers like tube diameter, tube thickness, tube length, tube 

pitch, tube corrugation, baffle design, etc.  

 

Watermark extraction algorithm 

The extraction algorithm process is the inverse of the embedding process. It is assumed that the watermark as well as 

the see value is available at the receiver end to the authorized users  [6 ] . 

The operation of channel separation is applied on the watermarked color image to generate its sub images, and then 

2-level discrete wavelet transform is applied on the sub images to generate the approximate coefficients and detail 

coefficients (Figure 1) [7 ] . 

 

Figure 1. Shell and tube heat exchanger cross section. 

 
 

Applications and uses 

The simple design of a shell and tube heat exchanger makes it an ideal cooling solution for a wide variety  of 

applications. One of the most common applications is the cooling of hydraulic fluid and oil in engines, transmissions 

and hydraulic power packs. With the right choice of materials they can also be used to cool or heat other mediums, 

such as swimming pool water or charge air. One of the big advantages of using a shell and tube heat exchanger is that 

they are often easy to service, particularly w ith models where a floating tube bundle (where the tube plates are not 

welded to the outer shell) is available.  

 

MATERIALS AND METHODS 

 

Experimental setup 

General description: Computer controlled heat exchanger module HT30XC supplied by armfield was used for 

experiment, who is a leading supplier of engineering teaching equipment from United Kingdom  [8 ] . 

 
The HT30XC is a service unit, which provides controlled cold water flow, bi -directional hot water flow and the 

instrumentation required to do a series of in-depth investigations into heat exchanger performance. The individual 

heat exchangers can be quickly changed over, to enable comparisons between different types of heat exchanger to be 

made. The HT30XC requires a user supplied personal computer  for the operator interface. The computer connects the 

HT30XC using a USB interface, providing a simple and straight forward installation and setup procedure. Once the 

appropriate heat exchanger has been installed and set up, all other functions can be per formed under computer 
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control. Appropriate measures have been implemented so that in the case of computer failure  or communications 

breakdown, the system shuts itself down in a safe manner  (Figure 2). 

 

Figure 2. Heat transfer service unit -HT30XC. 

 
 

Hardware description 

The service unit provides two fluid streams to the heat exchanger, a hot water strea m and a cold water stream. The 

hot water stream is heated in a vessel fitted with an electric heater. The he ater is switched on and off by a Solid State 

Relay (SSR), which is under software control. A thermostat limits the maximum water temperature to 75ºC for operator 

safety. A gear pump circulates water from the vessel, through the heat exchanger and back into the heater vessel. 

Both the pump speed and direction are under sof tware control, enabling for co-current and counter-current 

investigations over a wide range of flow rates. The cold water stream is generated from a mains water supply. The flow 

through the heat exchanger is adjusted by a variable flow valve, again under software control. A  manually adjustable 

pressure regulator is used to minimise the effect of mains pressure fluctuations.  

 
Conditioning circuits for up to 10 K-type thermo couples are included, (the  thermocouples themselves are supplied 

with the heat exchangers). The instrumentation also includes flow meters to  measure the flow rates of the two fluid 

streams. Switching on the unit puts it into ‘standby’ mode. From this mode it is necessary for a regular series of 

pulses to be received from the software (via  the built in USB interface) to fully power up the unit.  This ensures that 

unless the control software is running, the heaters, the pump and the cold water control valve cannot be switched on. 

The unit also includes an emergency stop switch. All electrical circuits are located in a bench mounted ABS supporting 

base, and protected by a Residual Current Device (RSD) for operator safety. The ABS base includes a drip tray and 

drain tap in case of water spillage or leakage  [9 ] . 

 

Technical details 

The shell and tube heat exchanger supplied is designed to demonstrate liquid to liquid heat transfer in a 1-7 shell and 

tube heat exchanger (one shell and seven tubes with two transverse baffles in the shell).  

The miniature shell and tube heat exchanger cons ists of the following features,  

 Hot fluid in the inner tubes and co ld fluid in outer shell to minimise heat loss from the exchanger without the 

need for additional insulation. 

 Seven stainless steel tubes, 6.35 mm OD. 

 The outer annulus, end caps and baffles constructed from clear acrylic to allow visualisation of  the heat 

exchanger construction and minimise thermal losses . 

 Cold fluid (cold water) enters one end of the shell at the bottom and exits at the opposite end at the top 
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having flowed over and under two transverse baffles inside the shell . 

 

Thermocouples are installed at the following four locations: Hot fluid inlet, hot fluid outlet, cold fluid inlet, cold fluid 

outlet (Table 1). 

Table 1. Overall dimensions. 

Height 0.19 m 

Width 0.43 m 

Depth 0.39 m 

Heat transfer area 20,000 mm2 

Volume 0.06 m3 

Weight 5 kg 

 

Experiment 

Experiments were carried out for various combinations of hot and cold water flow rates with different hot water inlet 

temperatures. The flow conditions are limited to the  lab size model of the experimental setup. Experiment was carried 

out until the system reaches a steady state condition. Measure data were recorded for every 10 seconds. 

Temperatures, flow rates, water density etc., are recorded and tabulated directly in excel format. The converged 

values are used as an input for CFD analysis  (Table 2 and Figure 3)  [10] . 

 

Totally 252 different cases were considered per below matrix for experiment.  

 

Table 2. Experiment matrix, hot flow vs . cold flow vs.  hot temperature. 

Cold Flow (LPM) 0.5 1 1.5 2 3 4 5 

Hot Flow (LPM) 2 2.5 3 3.5 4 4.5 - 

Temperature (T1) 40 45 50 55 60 65 - 

 

Figure 3. Shell and tube heat exchanger. 

 
 

 

RESULTS AND DISCUSSION 
 

A commercial CFD code was used to study the thermal and hydraulic flow field inside the shel l and tubes. CFD 

methodology is developed to appropriately represent the flow physics and the procedure is validated with the 

experimental results [11] . 

 

Modelling 

Heat exchanger modelling was done by using 3D modelling software CATIA. Actual dimensions of  the physical part 

were used to create the CAD model. The final designed model was used for grid generation  (Figure 4). 
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Figure 4. STHE-Physical model and analysis model . 

 
 

Computational geometry 

The model was imported to Ansys ICEMCFD software and the pre-processing works like geometry clean-up, parts 

segregation, naming were done. The parts were segregated to different names as shell, tubes, baffles, stands etc., in 

order to apply different boundary conditions. Monitoring planes were created at different locations in the shell and 

tube to monitor the flow (Figure 5). 

 

Figure 5. Computational geometry heat exchanger, baffle. 

 
 

Computational grid 

Grid generation for the model was done using Ansys ICEMCFD; grid independence study was carried out by comparing 

3 different mesh sizes, from that 6  mm global mesh size was selected. Tetrahedral mesh having 6 mm global size 

along with 3 inflation layer (prism mesh) was generated. Around 2.1 mi llion elements were created by discretizing the 

domain. Thin cuts were defined between surfaces having less clearance to ensure good quality and error free mesh  

(Figure 6). 

 

Figure 6. Computational mesh heat exchanger, cross section. 

 
 

CFD Analysis 

A commercial CFD code ansys fluent was used to study the thermal and hydraulic flow field i nside the shell and tubes. 
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CFD methodology is developed to appropriately represent the  flow physics and the procedure is validated with the 

experimental results.  

 

Reynolds number was calculated for flow in shell and tubes at different location to study the type of flow. Turbulent 

flow in tube side is observed for all flow conditions, while the shell side has laminar flow except for extreme hot water 

temperatures. Suitable turbulent models was selected for different flow condition, Hence transition k -kl-omega model 

was used to predict the flow better for transition cases and realizable k-epsilon model with non-equilibrium wall 

function was used for turbulent cases. From 252 cases of experiment 27 cases were selected for analyses which are 

average and extreme conditions (Table 3). 

 

Table 3. Analysis matrix. 

Cold flow (LPM) 1 3 5 

Hot flow (LPM) 2 3 4.5 

Temperature (T1) 40 50 60 

 

Material properties like acrylic (Poly methyl methacrylate) and stainless steel were assigned for solids and water for 

hot and cold fluids. Simulation was carried out till the solution gets converged.  Results of the experiment and analysis 

were compared and an appropriate simulation procedure w as developed. 

 

Post processing 

Temperature and velocity profiles are examined in detail and observed that the flow remains almost uniform to the 

tubes thus limiting heat transfer  (Figures 7 and 8). 

 

 

Figure 7. Pathlines colored by velocity magnitude shell side. 

 
 

Figure 8. Pathlines coloured by velocity magnitude-tube side. 
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Approximately 2/3 rd  of the shell side flow does not surround the tubes due to biased flow contributing to reduced 

overall heat transfer. More pressure loss was observed in the shell side due to the flow experiencing 90 degree bend 

in the baffle locations (Figures 9-12 and Table 4). 

 

Figure 9. Velocity vector location. 

 
 

Figure 10. Velocity vector for baseline model in cold flow path . 

 
 

Figure 11. Velocity vector for 60° and 120° baffle rotation. 

 
 

Figure 12. Velocity vector for 240° and 300° baffle rotation. 
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Table 4. Design optimization, total pressure drop in shell side flow. 

Model Total pressure drop (Pa) Reduction in pressure drop compared to baseline (%)  

Baseline 13211 - 

60° Rotation 12194 8 

120° Rotation 11876 10 

240° Rotation 12127 8 

300° Rotation 12164 8 

 

CONCLUSION 
 

Generally for heat exchangers there are three goals that are normally considered in the optimal design of heat 

exchangers: 

 Minimizing the pressure drop (pumping power),  

 Maximizing the thermal performance and 

 Minimizing the entropy generation (thermodynamic irreversibility).  

 

On the basis of the findings by interpreting the results of analysis an attempt has been made to enhance the heat 

transfer by inducing turbulence in the shell side flow. The two baffles were rotated in opposite direction to each other 

to achieve more circulation in the shell side flow and provide mo re contact with tube surface. Various positions of the 

baffles were simulated and studied using CFD analysis and the results are summarized with respect to heat transfer 

and pressure loss. The two baffles of STHE were rotated in opposite  directions in 4 steps like 60°, 120°, 240°, and 

300° rotations respectively.  

 

Comparison was made with the results of baseline model. It has been observed that the pressure drop value has 

reduced up to 10% from the baseline model with same heat transfer rate. There is no ap preciable change in heat 

transfer, this could be due to the space between two baffles were less and the flow could not surround the tubes. 

The velocity vectors at a plane normal to the flow of cold water (in shell side) are shown below, which depicts how t he 

flow circulates inside the shell between two ba ffles. Among all the models 120° rotation has least pressure drop with 

same hear transfer rate.  
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