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Abstract : In this study, the authors analyze the performance of a shell-and-tube heat 

exchanger with a CFD model done in ANSYS, and compare the results obtained from the 
simulation with the ones gotten form the laboratory bank. The study, done in parallel and 

crossflow in both laboratory and simulations, gave results well into the typified error margin for 

heat exchangers (close to 20%). The study’s heat transfer coefficient was aprox. 12,8%-25,5% 

off compared to calculations done with experimental data. For the heat transfer rate, there was a 
divergence present because of the model used on the simulation. This divergence was more 

pronounced at high flows, increasing at higher temperatures and diminishing at lower 

temperatures. 
Keywords : Shell and Tube Heat Exchanger, CFD Modelling, Software simulation. 

 

1. Introduction  

The Shell and Tube Heat Exchangers are well-known elements in the industry. It has been implemented 

a lot of time optimizing this type of heat exchangers, to reduce de operating costs and the environmental impact 
that they will be involved. 

Perarasu & Arivazhagan compared the use of different nanofluids to optimize the heat transfer on 
helical-coil heat exchangers. Using concentrations of 0.1%, 0.2% and 0.3%, with Al2O3 improving the heat 

transfer rate between 13.6% and 28.9%, and TiO2 improving that heat transfer rate between 6.51% and 

17.59%
1,2

. Delaplace et al. used heat flux sensors to determine the heat transfer coefficient between the wall and 
the fluid of a heat exchanger with agitator, using those to check the renewal of the layers of fluid in contact with  
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the wall, the performance compared with thermocouples and heat balance techniques

3
. Nassar & Mehrotra 

designed and built a heat transfer laboratory experiment to verify the heat transfer conditions in an agitated 

vessel. The apparatus could be operated under both static and flow conditions
4
. Khoshvaght-Aliabadi et al. did a 

study replacing water in an agitated serpentine heat exchanger, with concentration values of 0.1% and using Cu-
water, Fe-water and Ag-water, evaluating the influence of volumetric flow in the ranges of 4-10 L/min and the 

agitator’s rotating speed at 400, 800 and 1300 RPM
5
. 

Han et al. simulated a chevron-corrugated plates heat exchanger, to obtain a tridimensional plot of 

temperature, pressure and velocity of the fluid, comparing the simulation values with the experimental ones
6
. 

Fan et al. proposed a performance evaluation plot, using the ratios of heat transfer enhancement and friction 
factor increase as its variables

7
. Zhang et al. proposed an EEI (Energy Efficiency Index) to evaluate the energy 

efficiency of single-phase flow and heat transfer of plate heat exchangers
8
. Wang et al. used a 3D model of a 

chevron-corrugated plate heat exchanger and analyze the performance of the cold and hot fluid using the 

software ANSYS, easing the optimization process of the heat exchanger
9
. Andrzejczyk & Muszynski studied 

the influence of the continuous core-baffle geometry at mixed-convection heat transfer in shell- and-coil heat 

exchangers. With a power rang of 100W-1200W and mass flow rates in ranges of 0,01 kg/s-0,025 kg/s. This 

paper confirmed that new form of continuous baffle geometry can successfully enhance heat transfer, but using 
lower mass flow rates

10
. Eldeeb et al. did a review on available literature on the correlation for heat transfer and 

pressure drop calculations for two-phase flow in Plate Heat Exchangers
11

. Martin used the generalized Léveque 

equation to predict the performance of different chevron-type plate heat exchangers, using them to calculate 

heat transfer coefficients. This prediction is in good agreement with the experimental observations done in the 
literature

12
. Dvorak &Vit developed a simple CAE method for rapid design and optimization of the dimensions 

of plate heat exchangers. It proved that bigger heat exchangers provide higher effectiveness and lower pressure 

drop for the same flow rate, with the heat transfer surface being larger
13,14

. Zhang & Chen modelled and studied 
cross-corrugated triangular ducts to intensify the convective heat transfer coefficient on the surface of the 

membranes. The model was validated with heat transfer experiments and high speed hot wire anemometry 

technology
15

. 

Gertzos et al. used a CFD program to study the design of a water heater analyzed numerically, the 

results of the study determining the optimal position of the heater on a system using solar energy to supply heat 

to a water circuit
16

. Pal et al. used a flux simulator to understand the performance in a Shell and Tube Heat 
Exchanger (STHX) without and with baffles, comparing t them and finding that for L/Dh<21, Nusselt number is 

affected by a cross flow in the entrance of the exchanger, the presence of recirculation zones and leakage on the 

shell
17

. Ambekar et al. compared the heat transfer coefficient and the pressure drop on different configurations 
of baffles on a STHX, with simple baffle STHX getting a great global heat transfer coefficient, but suffering of 

high pressure drop, requiring more powerful and expensive pumps. The “flower” type of baffles were the most 

efficient, which had almost the same global heat transfer coefficient and has a lower pressure drop (almost 30% 
less than the simple baffle STHX)

18
. 

In this study, we analyzed the global heat transfer coefficient in the shell and tube heat exchanger 

obtained through experimentation, and doing a CFD modelling in ANSYS, comparing the obtained results. This 
analysis is done to study the viability to use the CFD modelling as a design tool for heat exchangers. 

2. Materials and Methods  

The following equations are determined by heat exchanger’s design and can be found extensively in the 

bibliography
19,20

. 

Heat transfer rata is calculated by: 

 ̇  
  

  
           (1) 

In that equation, U is the global heat transfer coefficient, A is the heat transfer area and ΔTlm is the 

logarithmic mean temperature difference. The global heat transfer coefficient U for a specific heat exchanger is 

determined using the energy equation as- 



Guillermo Eliecer Valencia et al /International Journal Of ChemTech Research, 2018,11(10): 221-226.  223 

 
 

  
 

     
  (2) 

Where Rtheq is the equivalent thermal resistance of the heat exchanger. The Rtheq can be calculated using 

convective heat transfrer correlations, such as Rcvi (internal) and Rcve (external) along with the cylindrical 

conductive resistance Rcd. Ignoring the soiling resistance in the heat exchanger, assuming the pipe’s diameter is 
very small and thermal conductivity is very high, then Rcd tends to zero. So the equation (2)is rewritten as- 

      
 

  
 

 

  
,(3) 

wherehi and he are the convective coefficients. 

To determine the internal convective coefficient, we calculate the Reynolds number: 

   
    

 
,            (4) 

whereρ is the fluid’s density, Di is the internal diameter of the pipe, μ is the dynamic viscosity and V is the mean 
flow velocity, and is calculated as- 

  
 ̇

    
(5) 

where ̇ is water’s masic flow and Af is the internal flow area, obtained the expression as- 

   
   

   
  
 
(6) 

Where Nt and Np are the number of pipes and passes in the heat exchanger, respectively. The Nusselt number in 

a cylinder depends on the Reynold number’s range, as the equation used to calculate Nusselt number varies 

accordingly. 

                    ⁄ (40<Re>4000),(7) 

                    ⁄ (4000<Re<40000),(8) 

wherePr is Prandtl number. Finally, the convective coefficient is found with the next equation: 

   
     

  
,(9) 

whereKf is dependant of the mean temperature of the fluid. 

To calculate the external convective coefficient, we use almost the same equations as the internal 

convective coefficient. Reynolds use the following formula: 

   
     

 
,(10) 

whereV is calculated with equation (5), but the flow area section Afis calculated as: 

      (
      

  
),(11) 

whereB is the void between baffles, Dc is the tank diameter and the equivalent diameter for heat transfer is 
determined depending of the pipe’s arrangement in the heat exchanger. 

Model’s description 

In the CFD modelling, done in ANSYS software, the fluid is assumed stationary, incompressible and 

turbulent. Fluid’s properties are assumed constant. The equations  goberning the fluid are: 
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Continuity Equation 

   

   
  (12) 

Momentum Transport Equation 
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)(13) 

To model Reynolds stress (defined as    〈      〉    ⁄ ), we used Boussinesq hypothesis, so we have: 

    〈      〉  
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 〈  〉

   
 
 〈  〉

  
)(14) 

The energy equation is expressed as: 
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Using the κ-ε turbulence model [21], the modelling equations are: 
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where,     (
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,(17) 

whereCμ=0,009; Cs1=1,44; Cs2=1,92; σk=1,0; σs=1,3. 

3. Results and Discussion 

For a shell and tube heat exchanger with initial conditions reflected in Table I and Table II, is showed 

the global heat transfer coefficient obtained for parallel flow and crossflow, we observed a higher heat transfer 

rate using the heat exchanger at crossflow, because of the ΔT present at the X-axis in the heat exchanger. 

Table I. Constants used as initial values for hot fluid 

Ν 0,000008 m
2
/s 

Ρ 1000 kg/m
3 

 

Table II. Constants used as initial values for cold fluid 

Tin 293 K 
ṁ 0,0125 m

3
/s 

ν 0,000008 m
2
/s 

ρ 1000 kg/m
3 

 

For a heat exchanger in crossflow, it was observed that the global heat transfer coefficient does not vary 

significantly when was changed the flow into the shell as shown in Figure 1, but, when comparing the 

temperatures, the global heat transfer coefficient suffers a linear reduction, but this reduction is well into the 

accepted margin of error for heat exchangers of this type. 
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Figure 1. Heat Transfer Coefficient as function of the cold fluid outlet Temperature 

When Comparing the heat transfer rate as shown in Figure 2, there is a significant divergence for flows 

higher than 0,021 m
3
/s. This error could be a byproduct of the turbulence model used in the simulation (k-ε).  

 

Figure II. Heat Transfer Rate as function of the mass Flow. 

The heat transfer rate values with a flow of 0,025 m
3
/s and a 303 K temperature presents a zero 

divergence, because the inlet and outlet temperatures tends to be equals, this meaning that the heat transfer rate 

is effectively tending to zero. 

4 Conclusions 

In this study, it was proved that the data given by the algorithm is approximately equal to the data 

obtained experimentally. The heat transfer coefficient presented a 12,8%-25,5% variation between the 
theoretical and experimental data. The simulation used a k-ε turbulence method, which can explain the tendency 

to zero present when evaluating at higher flows. The best homogenization of temperatures is present in a 

parallel flow, while the highest heat transfer rate was present in crossflow, allowing a ΔT higher than 4% total. 
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