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Abstract: The thermal design of a shell and tube heat exchanger in this paper is performed by articulating analytical and
computational numerical simulation solutions. The first uses the logarithmic mean temperature difference (LMTD) method
to calculate the heat transfer and mass flow rates for a countercurrent arrangement of the heat exchanger and serves as
input for the numerical simulations which are based on CDF computational fluid dynamics and are developed using
SolidWorks software and its Flow simulation plug-in. Simulation results validate the analytical solutions and present the
evolution of the temperatures and velocities of the hot and cold fluids inside the heat exchanger in the form of shear plots
and flow paths, as well as the external shell temperature and the internal temperature of the tubes, baffles and
separators are shown in surface plots.
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1. Introduction

As a result of the second law of thermodynamics when there is a temperature difference between two close bodies
there is energy flow in the form of heat from the body of higher temperature to the lower one, the heat transfer between
them can never stop, but can only slow down while they reach thermal equilibrium, and can only occur through three
mechanisms which are conduction, convection and radiation or any combination of these [1]. One of the main applications
of transfer processes are heat exchangers which are mechanical devices that are used to transfer the thermal energy of two
fluids, and they are the most commonly used equipment in the industries of refrigeration, air conditioning, space heating,
petrochemical plants, chemical plants, power plants, and natural gas processes[2]. It can be recognized that the use of any
process involving heating, boiling, evaporation, cooling, or condensation will require a heat exchanger for these
purposes[3]. The sole purpose of heat exchangers is to improve the heat transfer between the two fluids, thus reducing
energy requirements and helping to make the process more efficient [4].

One of the most widely used heat exchangers in the industry is the shell and tube type which consists of a tube
bundle enclosed within a cylindrical shell, its basic operating principle is that two fluids flow at different temperatures
separated by a wall. The former flows through the tubes and the latter within the space between the tubes and the shell; due
to the temperature difference between the fluids, heat transfer occurs from the higher temperature fluid to the lower
temperature fluid by the mechanism of conduction and convection. The flow on the shell side is quite complicated. The fact
that the inlet and outlet are perpendicular to the general flow direction creates complexities in shell flow[3]. For [5], this
type of equipment is one of the most widely used in the industry because they have larger heat transfer surface area to
volume ratios than most common types of exchangers and are easily manufactured for a variety of sizes and flow
configurations; moreover, they can operate at high pressures and their construction facilitates disassembly for maintenance
and cleaning periods[6]. Within shell and tube heat exchangers, the most common type is the one with baffles, which are
plates that support the tubes and displace the flow between the inside and outside of the shell side. Such equipment must be
compact, lightweight, and with high efficiency. Authors such as[2] point out the importance of selecting the right type of
exchanger for a particular process because the incorrect selection of this causes undesired operation and equipment failures.
The design procedure (analytical solution) of heat exchangers is quite complicated as it needs accurate analysis of heat
transfer rate, efficiency, and pressure drop in addition to issues such as long-term performance and the economical aspect of
the equipment[7].

According to [8, 9, 10], the Logarithmic Mean Temperature Difference (LMTD) method is presented as an
analytical solution for the thermal design of the heat exchanger, which relates the transfer area, heat transfer, and inlet and
outlet temperatures of the working fluids using four simplifications: 1. The exchanger operates in steady state; 2. The
overall coefficient of heat transfer (U) is assumed constant throughout the exchanger. 3. Heat losses to the surroundings are
negligible. 4. The four inlet and outlet temperatures of the heat exchanger streams are known. A complementary approach to
analytical solutions is presented by Computational Fluid Dynamics (CFD), which is the science of determining the
numerical solution of the governing equations for the fluid flow while advancing the solution through space or time to
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obtain a numerical description of the complete flow field of interest. The equations can represent steady or unsteady,
compressible or incompressible, and viscous or non-viscous flows, including the behavior of reactive and non-ideal fluids.
Likewise,[11], defines it as an established approach to solving fluid dynamics problems by using numerical methods and
therefore constitutes an economical alternative to wind and water tunnel testing in addition to the fabrication of other types
of prototypes for testing purposes. Furthermore, [6, 12]state that CFD can be likened to a flexible experimental laboratory
located on the computer where virtual prototypes are built that easily adapt to a wide variety of physical conditions and
allow experimenting with them without building a large-scale physical model or expensive test equipment.In this way, CFD
provides an effective platform where various design options can be tested and optimized in a short time and at a relatively
low cost. The most important factor in this study is to save a lot of time and money in the experimental study by using CFD.

Currently, CFD is one of the most widely used tools in the design and optimization of heat exchangers due to its
flexibility, accuracy, and breadth of application to a wide range of research and engineering problems in many fields of
study and industries, including aerodynamics and erosive space analysis, meteorological simulation, natural sciences and
environmental engineering, design and analysis of industrial systems, biological engineering and fluid flows, and engine
and combustion analysis. Similarly, [13] highlight how CFD analysis helps to analyze the characteristics of a heat exchanger
because flow around and within the heat exchanger tubes is very complex, and sophisticated equipment is needed to capture
the visual effects. Therefore, CFD analysis allows the observation of flow characteristics at inaccessible locations of shell
and tube heat exchangers.

This paper develops the thermal design of a shell and tube heat exchanger by articulating analytical and numerical
solutions. The former is performed by the traditional method of logarithmic mean temperature difference (LMTD) and the
latter using computational fluid dynamics (CFD) using SolidWorks software and its complement Flow Simulation, which
together are solutions concurrent and non-exclusive,thus optimizing the design process of the heat exchanger.

2. Methodology of Heat Exchanger Thermal Design: Analytical Solutions

Based on the thermophysical properties of fluids, the laws of thermodynamics, and heat transfer processes, the
main objective of the thermal design is to determine the geometric and functional parameters of the heat exchanger such as
number, length, and type of tubes, internal diameter and length of the shell, number, arrangement, and separation of the
baffles, number of fluid passages through the tubes, spacing and location of the tubes inside the shell, as well as the
materials that will make up each of the parts of the equipment. For this purpose, the analytical thermal design solutions
proposed by several authors such as [8, 14, 15, 10, 16] are used, which can be methodologically grouped into the following
steps: 1) Initial specifications of the exchanger; 2) Establish the thermophysical properties of the fluids at their average
temperatures, find the heat flux of the exchanger and the mass flows of the fluids; 3) Calculate the corrected logarithmic
mean temperature difference for the heat exchanger; 4) Review the convective heat transfer coefficients of the fluids
flowing through both the tubes and shell of the exchanger; 5) Determine the overall clean and dirty heat transfer
coefficients; 6) Determine the heat transfer areas with the clean and dirty transfer coefficients; and estimate the heat
exchanger overdesign surface, and 7) Selection of appropriate equipment for the required heat exchange. Shell diameter,
number of tubes. The data obtained in the analytical solutions are the input to perform the numerical simulation design
where the results are validated and possible solutions for the improvement of the heat exchanger performance can be
proposed.

2.1  Heat Exchanger Thermal Design Methodology Using Numerical CFD Solutions

The initial step in performing a CFD simulation is to specify an appropriate mathematical model of reality.
According to [17], CFD analysis involves three main steps, preprocessing, processing, and post-processing. In the first one,
a 3D model of the geometry under study is defined and generated in a proper way by dividing it into elements which is
known as meshing, and boundary conditions are applied to it. In processing, the properties of the fluids under study and the
physical science model are found; finally, in post-processing, the results are obtained with various techniques such as weight
and velocity shape plots, vectors, streamlines, and temperature contouring. These results can be broken down numerically
and graphically using either 2-D or 3-D representations.

[12, 18] explain that the CFD method is based on the numerical solution of three main equations: number (1) is the
mass conservation equation, also known as the continuity equation; number (2) corresponds to the momentum conservation
equation, or Navier-Stokes equation; and number (3) refers to the energy conservation equation. In fact, [5] state that in a
rectangular coordinate system the equations for calculating the fluid flow and heat transfer of a heat exchanger can be
written as follows:

Conservation of mass equation (Continuity)
0
P v(pu)=0

ot
Conservation of Momentum Equation (Navier-Stokes equations)

(M
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Where U is the velocity vector; u, v, and w are the velocity components in the x, y, and z directions, respectively.;
n,is the coefficient of turbulent viscosity; S is the volumetric heat source term;Sy, S, ,Sare source terms for the x, y and z
directions, respectively; Ais the heat conductivity; C,,is the specific heat of the fluid.

3. Problem Definition

Thermal design of a shell and tube heat exchanger is required to cool methanol from 48°C to 34°C using water that
is available at 13°C and can be heated up to 25°C. Methanol enters the exchanger at a rate of 8300 kg/hr.

Figure 1 shows the main parts of the heat exchanger as well as the inlet and outlet temperatures of the hot and cold
fluids along the length of the heat exchanger.

ﬁ ﬁ Deflactores
=1

ED Cabezal sin entradas

Coraza

Temperatura [*C}

1 7
Figure 1. Main parts of the heat exchanger and temperature variation diagram of the hot
and cold fluids inside the heat exchanger.

4. Results Analytical Solutions

The analytical solutions are found considering the following assumptions: Heat losses to the surroundings are
negligible, the properties of the working fluids are considered constant inside the heat exchanger, kinetic and potential
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energy changes are negligible, and the flow conditions are fully developed in both fluids. Thus, the described methodology
is applied to find the analytical solutions for the thermal design of the heat exchanger.

4.1 Initial heat exchanger specifications
For the thermal design, methanol is considered as the hot fluid, and water is considered as the cold one and the
latter will flow through the tubes since it is the most corrosive fluid, methanol will move on the shell side [10]. Table 1
shows the initial design conditions of the exchanger referred to in the definition of the problem.
Table 1. Initial design parameters of the heat exchanger.

Hot fluid | Cold fluid

Fluid Methanol Water
Inlet temperature 48°C 13°C
Outlet temperature 34°C 25°C

Mass flow rate 8300 kg/hr | --------—-

On the other hand, 3/4" BWG 14 tubes of three meters in length are selected, whose geometric characteristics are
listed and shown in Table 2. These tubes will be arranged in a square arrangement since the cleaning of the outer surfaces of
the tubes will be required, following the design guidelines proposed by [8, 10], the tube pitch (PT) is specified as 0.0254 m
as shown in Figure 2. Finally, it is decided that the exchanger will have two passages through the tubes and one in the shell.

d0=1,905x10_3m

P =0,0254

Figure 2. Geometry of square tube arrangement.
Table 2. Characteristics of the tubes selected for the heat exchanger.
Geometric characteristics of the tube % BWG 14
d, d; [m] e [m]
1,905x 10* m 0,01483 m 2,1082 x 103 m

Establish the thermophysical properties of the fluids at their average temperatures andfind the heat flux of the heat
exchanger and the mass flow rates of the fluids.

Equations 4 show the results of the average temperatures of methanol and water, based on their inlet and outlet
temperatures of the exchanger.

“

At the average temperatures of the fluids listed in Equation (4), the thermophysical properties of each fluid are
established as shown in Table 3.

Table 3. Thermophysical properties of methanol and water at intermediate temperatures.

Property Units | Methanol (41°C) | Water (19°C)
Density Kg/m? 772,08 998.4
Dynamic viscosity Pas 4,38x10* 1,14x 103
Specific heat J/Kg °K 2615,5 4185,28
Thermal conductivity | W/°Km 0,184 0,59
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With the information corresponding to methanol and usingEquation (5), the heat flow in the exchanger is
determined.
q=m Cp(T1-T,)=(2,30)(2615,15)(48-34)=84411,23 W (5)

The mass flow rate of water required to satisfy the thermal demand of the heat exchange process is then determined
using Equation (6).
q 84411,23 Kg (6)

=1,68 —
mf_Cpf(tz t) (418528)(25-13) °

4.2 Calculate the corrected logarithmic mean temperature difference for the heat exchanger.
Since the inlet and outlet temperatures of methanol and water are known, the logarithmic average temperature of
the heat exchanger is calculated by means of Equation (7).

(Ty-tp)-(T,-t;)  (48-25)-(34-13) o (7)
ApmTp= " (Tl_tz) = | (@) =21,98°C
n Ta-tq n 34-13

Since the heat exchanger to be designed has two passes through the tubes and one in the shell, the logarithmic
mean temperature must be corrected using the F factor calculated using Equations (8), (9), (10), (11), and (12).

T,-T, 48-34
=L 2116 ®)
tt;  25-13
t-t;  25-13 9)
e e i . V1
Tit, 48-13
<I—RP) (1 0, 39) 095 (10)
“: —_—
1-p 1-034)
ol 0,951 (1)
- P o003
xR 094-1.16

T in (XS (12)
. Hin(5)  (1.53)In(1.05) 09

®D)in 7] 0.16)In (73)

2-5(R+1+/R2+1

The correction factor F obtained is multiplied by the logarithmic mean temperature and thus its corrected value is
obtained, as shown in Equation (13).
Apmrpe=(A| yrp) (F)=(21,98)(0,99)=21,76°C (13)

Review of the convective heat transfer coefficients of the fluids flowing through both the tubes and the shell of the
heat exchanger.

Authors such as [14] relate the film convective heat transfer coefficients to the following values: methanol: hy =
900 W/m?°C, water: h; = 4000 W/m?. °C

4.3 Determination of the overall clean and dirty heat transfer coefficients.

When the heat exchanger is new and the heat transfer surfaces are clean, its overall heat transfer coefficient is
calculated by Equation (14); however, with most liquids, a film of dirt or scale will build up on the heat transfer surfaces
over a period of time. This process is called fouling and results in decreased heat exchanger performance due to the added
thermal resistance of the fouling films. Fouling is considered by means of empirically determined fouling factors, R
andRcrepresenting the thermal resistances of the dirt films inside and outside the tube, according to [14, 10] for water R
=0,0002 m? °K/W and for methanol R. =0,000352m? °K/W.In such a situation, the overall heat transfer coefficient is
calculated by Equation (15).
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AV (14)
Y (L ln(r_i) =598,93 w
Tlhe o\ Tk IR
o\ 1! (15)
= 1+r°1+R+R+ ln(g) =497,6 W
Elhy oy e | T IR

Determine the heat transfer areas with the dirty and clean transfer coefficients and estimate the heat exchanger
overdesign surface area.

In this step, initially, the clean and dirty heat transfer areas of the heat exchanger are calculated by means of
Equations (16) and (17)[14]. Then, the overdesign surface is determined usingEquation (18). In this case, it is 20.21%,
which is within the parameters established by[8].

q (84411,23) 5 (16)
= = =6,48m
UA mmpe (598,93)(21,76)
84411,23 17
A= @ ) =7,79m? a7
UApvrpe  (497,6)(21,76)
(18)

Ag
SSD= (K -1) X 100=20,21%

4.4 Selection of appropriate equipment for the heat exchange required

The abbreviation PR is known as the constant pitch of the tubes and is obtained by means of Equation (19). In
addition, it is recommended that this value is between 1.25 and 1.5, where Pt corresponds to the pitch of the tubes and the
inner diameter of the tubes. From Equation (20), the inner diameter of the shell of the heat exchanger is determined where
CTP is called the tube count constant, for exchangers with two pitches in the tubes and one in the shell it has a value of
0.90; CL is known as the geometrical arrangement constant of the tubes and has a value of 1 for configurations of 45° and
90°[14].

P, 0,0254 (19)

1 1 20
CTP [Ag(PR)2d,]? 0,90 [(7,79)(1,33)%(1,905x1072)]? 20)
DS=0,637 E f =0,637 T 3 =0,19m

Next, the number of tubes required in the heat exchanger is determined using Equation (21).

N=0,785 (CTP)
t— VY CL

D’ 0,90 0,19)2 1)
s, ( ) ©.19 -=39,73=40
(PR)%(dy) 1 7(1,33)2(1,905X10?)

For [14], the spacing between baffles should be done very carefully, and thus it is proposed that an optimal spacing

between them should be between 0.4 and 0.6 times the inner diameter of the shell. In the same way, this author recommends
using baffles with a cut-off between 25% and 35% of the inner diameter of the shell, as in Equation (22).

B=0,6D=(0,6)(0,19)=0,114 m (22)
Finally, the velocity of the water inside the tubes is calculated by means of the Equation (23).

m (1,68) m (23)
v=—on= 3 =0,85—
PA (998,4)(1,96x107) s
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5.CFD Simulation Results

CFD analysis in SolidWorks and its Flow simulation add-on will provide a visualization with simulated illustrations of
heat exchanger temperature and flow velocity conditions.

5.1 Procedure

Initially, a CAD model of the heat exchanger was developed using Solidworks 2020 software, as shown in Figure
3, using the information in Table 4, which corresponds to the geometric dimensions and materials of the different parts of
the heat exchanger obtained from the analytical solutions.

[Tout metanol | )
| Temperature (Fluid) Bulk Average [34.48 °C | 5> [Temperature (Fluid) Bulk Average [48.00 °C |

[Tin agua
| Temperature (Fluid) Bulk Average[13.00 °C |

,Tnutagua
[Temperature (Fluid) Bulk Average[ 24.77 °c |

Figure 3.CAD model prepared with the information from the analytical solutions.

Table 4. Geometric dimensions and materials of the heat exchanger found with the analytical solutions.

Description Units Value
Length of shell and tubes m 3
Inner diameter of the shell m 0,19
Number of passages through tubes 2
Number of tubes 40
Outer diameter of tubes m 1,905x1072
Inner diameter of tubes m 1,4x1072
Number of baffles (20%) 23
Spacing between baffles m 0,12
Distance between tube centers m 0,0254
Tube type ¥% BWG 14
Tube center-to-center distance 0,0254
Shell, headers, baffles material Acero AIS304
Tube material Cobre
Tube arrangement Cuadrado

Subsequently, the CAD model was discretized with a level 5 mesh, which used hexahedra with a total of 1050084
elements, of which 619728 correspond to fluid cells, 430856 correspond to solid elements and 324070 to fluids connected to
solids, part of this mesh is shown in Figure 4.
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&P
Figure 4.Mesh of the CAD model channel exchanger.

Finally, the boundary conditions of the heat exchanger are applied, corresponding to the inlet temperatures and
mass flows of the hot and cold fluids, as well as their outlet pressures. Table 5 shows this information.

Table 5. Boundary conditions applied to the heat exchanger.

Exchanger boundary conditions
Hot fluid | Cold fluid
Fluid Methanol Water
Inlet temperature 48°C 13°C
Outlet pressure
Mass flow rate | 2,30 Kg/s | 1,68 Kg/s

5.2 Processing

The SolidWorks flow simulation plug-in was used to monitor the water and methanol working fluid flows through
the virtual model, using the Wizzard wizard to configure the working parameters of the heat exchanger such as internal flow
analysis including conduction in solids, laminar and turbulent flow, adiabatic process in the heat exchanger walls, etc.

5.3 Postprocessing

SOLIDWORKS software and its Flow Simulation add-on use CFD analysis to simulate the flow inside the heat
exchanger to provide a visualization of the temperature gradient and velocity of the hot and cold fluids along the heat
exchanger. The flow simulation results for this study include shear plots, surface plots and flow paths. Temperature and fluid
velocity are the main parameters studied. The shear plot shows the findings in a specific area, while the flow paths show the
fluid flow along the exchanger or in a given area. Finally, the transmission of parameters to the surface is shown in the
surface plot, its main use is to analyze the temperature transfer to the outer and inner surface in the solid domain of the
exchanger.
5.4 CFD Analysis: Cut charts

Cut charts are used to examine attributes from a section perspective. This ultimately allows the analysis to be
performed on a cross-sectional region and the plotting of maximum and minimum parameter values. It also provides an
overview of attributes the fluid velocity and temperature as they flow through the exchanger. Figure 5 shows the
temperature distribution inside the heat exchanger in a side section view, showing the temperature change of the water and
methanol from the time they enter the heat exchanger until they leave it, the water enters the heat exchanger at 13°C and
leaves at 24.77°C, while the methanol enters at 48°C and leaves at 34.48°C.
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48.00
4411
40.22
36.33
3244
28.56
2467

Tin agua 20,78
Tempetature {Fluid) Bulk Average |13.00 °C: 16.89
13.00

Tout metanal Temperature {Fluid) [*C]
Temperature {Fluid) Bulk Average [34.48 °C

Cut Plat 1: contours

Tout agua
Ternperature (Fluid) Bulk Average \ 24770

Tin metanal
Temperature {Fluid) Bulk Average ‘ 48.00 °C

Figure 5.Cut-off graph of working fluid temperatures inside the heat exchanger.
In the same way, Figure 6 shows the heat exchanger cutoff graph where the fluid velocity vector field is
represented with its corresponding maximum and minimum temperatures.

48.00
4540
4300
40.50
3800
3540
3300
30460
2800
2540
2300
20050
18.00
Termperature (F\uwd)|13.DD o 1540
13.00

Figure 6. Vectdt"figidxHEAF Plot of velocities of the working fluids inside the heat exchanger.
Finally, Figpre 7 showstiirerflowrdines of the fluids inside the heat exchanger.

49.00
45.50
43.00
40.50
a3.00
35.50
33.00
an.a0
28.00
25.50
23.00
20.580
18.00
15.480
13.00

Cut Plaot 3 Minimurm

Cut Flot 4 Minimum Temperature (Solid) ['C]

Temperature (SUIid)|13.DD °C Cut Plot4: contours
Surface Plot 1: contours
Surface Plot 2 contours

Cut Plot 4 Maximurm
Temperature (Solid) | 48.00°C

Figure 7. Cutaway plot showing the streamlines of the working fluids inside the heat exchanger.
5.5 CFD Analysis: Surface Plots
Surface graphs are another type of analysis that provides a clearer visual representation of the variations in the
attributes under study. Thus, Figure 8 shows the temperature variation at the exchanger shell surface as well as the
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corresponding maximum (48 °C) and minimum (13°C) temperature points. The temperature is high near the methanol inlet
and gradually decreases towards the water inlet.

48.00
45.50
43.00
40.50
38.00
35.50
33.00
30.50

28.00
25.50
23.00

20.50 ___ _
1800 [Surface Plotd Minimum Surface Plot1 Maximum
1550 [Temperature ot [13.00 C Temperature (Solid) | 48.00 °C

Temperature (Salid) [°C]

Surface Plot 1: contours
Surface Plot 2: contours

Figure 8. Surface temperature graph on the shell Surface.
Figure 9 shows the temperature distribution inside the heat exchanger in the solid domain of the heat exchanger
(tubes, separators, and baffles), where the maximum temperature points are 42.21°C and the minimum temperature is
15.24°C.

40.86
38.71
36.57
34.43
32.29
3014
28.00
25.86
23N
21.57
19.43
17.29
15.14
13.00

Temperature (Salid) [°C)

Surface Flot 2 Minimum
Temperature (Solid)|15.24 °C

Figure 9. Heat exchanger solid domain surface temperature graph.

5.6 CFD Analysis: flow paths

The flow paths show how the fluids move through the shell and tubes in the heat exchanger. Figure 10 shows how
the temperature of the water varies as it moves through the tubes, where the inlet water temperature is 13°C, a mass flow
rate of 1.68 kg/s and an outlet temperature of 24.77°C can be observed.
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23.00

Tih agua 21.00
Temperature {Fluid) BulkAverage|13.UD °C
18.00
17.00
Inlet Mass Flow 15.00
1.68 kofs
13.00

Temperature (Fluid) [°C]

Flow Trajectories 1
Flow Trajectories 2

Tout agua
Temperature {Fluid) Bulk Average | 2477°C

Figure 10. Water flow path inside the heat exchanger tubes.
Similarly, Figure 11 shows the trajectory of methanol inside the exchanger, where it enters through the lower side
of the shell with a mass flow rate of 2.3 kg/s and a temperature of 48°C and exits at 34.48°C through the upper side of the
shell.

Inlet Mass Flow
2.3 kals

Tout metanal 45.67

Temperature (Fluid) Bulk Average | 34.48°C Tin metanal
4333 Temperature (Fluid) Bulk Average | 48.00 °C
41.00
38.67
36.33
34.00

Temperature (Fluid) [°C]

Flow Trajectories 1
Flow Trajectories 2

Figure 11. Methanol flow path inside the heat exchanger Shell.
Figure 12 shows the simulation of the trajectories of the two fluids, with their corresponding inlet and outlet
temperatures.
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Tout metanol
Temperature (Fluid) Bulk Average [ 34.48 °C

Tin metanol
Temperature {Fluid) Bulk Average [48.00 °C

Tin agua 48.00

Temperature {Fluid) Bulk Average [13.00 °C

4217

36.33

30.50

2467

18.83

Toutagua
Temperature {Fluid) Bulk Average|24.77 °C

13.00
Temperature (Fluid) [°C]

Flow Trajectories 1
Flow Trajectories 2

Figure 12. Flow paths of the two fluids inside the exchanger.
Finally, Figure 13 shows the velocity gradient of the water inside the tubes from the inlet to the outlet of the heat
exchanger.

0.850
0.756
0.661
0.567
0.472
0.378
0.283
0.189
0.094
1]
Velocity [mis]

Flow Trajectories 3
Flow Trajectaries 4
Figure 13. Velocity gradient of the water inside the tubes.
6. Validation of the CFD Model
Table 6 shows the percentage differences between the initial design conditions of the heat exchanger and those of the
numerical simulation for the fluid outlet temperatures and the water velocity inside the tubes.
Table 6. Percentage difference between design values and analytical solutions.

222

Initial Conditions

Numerical solutions

Percentage difference

Methanol outlet 34 34.48 1.41%
temperature °C
Water outlet 25 24.77 0.92%
temperature
Water velocity in the 0.85 0.85

pipes [m/s].
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NOMENCLATURE
T, Inlet temperature of the hot fluid. °C
T, Hot fluid outlet temperature. °C
T Average hot fluid temperature °C
t Cold fluid inlet temperature °C
ty Cold fluid outlet temperature °C
m, Hot fluid mass flow rate Kg/s
Cpe Specific heat of hot fluid J/Kg °K
Cpr Specific heat of cold fluid J/Kg °K
A mTD Logarithmic mean temperature °C
F Temperature correction factor
To Outer tube radius/outer tube diameter m
d,
Ti Tube inner radius/tube inner diameter m
d;
e Tube wall thickness m
h, Assumed film heat transfer coefficient of the fluid flowing through the shell W/m? K
h; shell W/m?°K
k Assumed pellicular heat transfer coefficient of the fluid flowing through the tubes
Ag Thermal conductivity m’
A Heat transfer area under fouling conditions m’
L Heat transfer area m
n Total length of tubes
Ny Number of passages through the tubes
R, Number of baffles m*>°K/W
R¢ Fouling coefficient of the hot fluid m2°K/W
q Fouling coefficient of cold fluid W
SSD Heat flux
Oversize surface m
p Baffle spacing Kg/m?
U Fluid density
Dy Overall heat transfer coefficient m
N, Shell diameter
Ug Number of heat exchanger tubes
P, Overall heat transfer coefficient under fouling conditions m
v Tube pitch m/s
PR Velocity of water in the tubes
CTP Pitch constant of tubes
CL Tube count constant

7. Conclusions
The CDF numerical simulation allows digital modeling to validate the analytical solutions, these tools allow to optimize
time and costs before proceeding to the construction of the exchanger.

The engineering solutions are neither exclusive nor independent, but complementary, so it is possible to articulate
analytical and numerical solutions to optimize the design of the exchanger.
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