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Abstract

Shell and tube heat exchangers are ideal for applications
with extreme conditions of temperature, pressure and
corrosive fluids. Its conformation consists of tubes, tube
sheets, baffles, channel covers, connections and shell;
these can take various forms, which will depend on the
desired task, pressure drop, thermal stress, the need to
prevent leaks, pressures, temperatures, fluid corrosion,
and maintenance, among other factors. Each of the
exchangers used in industries have advantages and
disadvantages, for example; evaporators, vaporizers and
boilers have almost the same operation since they work
with liquid fluids that are superheated in order to convert
the fluid into steam, but it should be mentioned that in the
case of the first two, they work with liquid fluids of
different nature. This paper shows the results obtained
from the simulation with the COMSOL-Multiphysics®
program in order to establish the appropriate variables for
the operation of a heat exchanger, in addition to
comparing the theoretical results and the results obtained
with the simulator.

Heat exchanger, Shell and tuve, simulation

Resumen

Los intercambiadores de calor de tubo y coraza son ideales
para aplicaciones de condiciones extremas de temperatura,
presion y fluidos corrosivos. Su conformacion consiste de
tubos, placas tubulares, deflectores, cubiertas de canal,
conexiones y carcasa; estos pueden ser de diversas formas,
que dependeran del cometido deseado, caida de presién,
esfuerzos térmicos, necesidad de prevencion de fugas,
presiones, temperaturas, corrosion de los fluidos, y
mantenimiento, entre otros factores. Cada uno de los
intercambiadores utilizados en las industrias presentan
ventajas y desventajas, por ejemplo; los evaporadores,
vaporizadores 'y calderas tienen casi el mismo
funcionamiento ya que estos trabajan con fluidos liquidos
que son sobrecalentados con el fin de convertir al fluido en
vapor, pero hay que mencionar que en el caso de los dos
primeros se trabaja con fluidos liquidos de distinta
naturaleza En el presente trabajo se muestran los
resultados obtenidos de la simulacion con el programa
COMSOL-Multiphysics® con la finalidad de establecer
las variables adecuadas para la operacion de un
intercambiador de calor, ademéas de comparar los
resultados tedricos y los resultados obtenidos con el
simulador.
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Introduction

It is well known that the methodological
procedure to solve a problem in engineering
consists of representing it in a correct and precise
way, in order to obtain a substitution of the real
system by a more adequate one for the formal
treatment [1]. In general, the logical-
mathematical tools provide a useful framework
to represent by means of a system of symbols
and rules, the behavior of real systems.

The scientific method helps us to
consolidate laws and theories in different areas
of knowledge, which are understandable by
means of differential equations, for example. In
other words, we are able to recreate a new
system, of which we know its rules and symbols,
such as of which we know its rules and symbols,
as the result of a process of abstraction from the
environment.

Process simulation using computer
software has become popular among researchers.
However, publications related to this field using
open source as its simulation platform are yet to
be seen [2]. This paper shows the results
obtained with software simulation of a shell and
tube heat exchanger using COMSOL
Multiphysics® [3].

Shell and tube heat exchangers are one of
the most widely used types of heat exchangers in
industries with approximately 65% of the market
[4]. They are found in oil refineries, nuclear
power plants and other large-scale chemical
processes. In addition, they can be found in many
engines where they are used to cool hydraulic
fluids and oil. In this type of equipment, two
separate fluids at different temperatures flow
through the heat exchanger: one through the
tubes (tube side) and the other through the shell
around the tubes (shell side) [5], as seen in
Figure 1, so in their design it is necessary to
consider the influence of various parameters and
operating conditions to achieve their optimum
performance.

The main objective of this work is to
show the basic principles to configure a heat
exchanger model that serves as a starting point
for more sophisticated projects both for more
complex applications, study of parameters or add
additional effects such as corrosion, thermal
stress and vibration among others [6].
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The resolution of heat exchanger
problems, although it can be done manually with
the use of appropriate formulas, can also be
facilitated by some specific programs, an
example of this is the COMSOL program, which
allows the simulation of thermal equipment
generally used in industries [7], so, for this
reason the program is useful for solving
problems by correctly establishing the variables
in order to obtain accurate results that show the
temperature profile of the hot and cold fluids, or
the total amount of heat conduction or
convection [8].

Description of the model

The procedure used to design a shell and tube
heat exchanger was performed by defining the
straight, cross-flow, single-pass shell and tube
heat exchanger [9].

The heat exchanger is made of mainly
structural steel. In this work, two fluids at
different temperature were considered, the first
one is cold water passing through the tubes,
while the second fluid, hot water, circulates
inside the heat exchanger shell, but outside the
tubes. Both fluids have different initial
temperatures; however, after circulating inside
the shell and tubes, the fluids approach an
equilibrium temperature. The use of baffles
introduces turbulence and cross-flow in the air
thus increasing the heat exchange area. Another
advantage is that the baffles reduce vibration due
to fluid motion.

This model uses the physical interface of
non-isothermal flow together with the Kk-¢
turbulence model. It takes advantage of
symmetries to model only half of the heat
exchanger, which reduces model size and
computational costs.

Inlet, Air

Outlet,

; 4 ,P/Wa[er

Inlet, Water

Outlet, Air

Figure 1 Schematic of a shell and tube heat exchanger
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The condition taken for the simulation
was that all the walls of the heat exchanger are
modeled as shells. This requires special
boundary conditions for the heat flow and heat
transport equations [6].

To account for the in-plane heat flow in
the shell, the boundary condition of the highly
conductive layer is applied:

—n - (—kVT) = =V, - (—=dsksV,T) 1)

Here, V: is the tangential derivative, ds is
the layer thickness and ks is the thermal
conductivity of the cover.

Methodology
The problem statement is as follows:

In a chemical plant a certain chemical
product is heated by means of hot water supplied
by a boiler in which natural gas is burned. The
hot water (Cp = 4180 J/kg-°C) is then discharged
at 60°C, at a rate of 8 kg/min. The average
temperature of the cold water entering the boiler
throughout the year is 14°C. In order to save
energy, it is proposed to install a heat exchanger
to preheat the cold water entering via the drained
hot water. If it is assumed that the exchanger will
recover 72% of the heat available in the hot
water, determine the nominal heat transfer
capacity of the exchanger that needs to be
purchased.

The solution process was based on a
COMSOL gallery model, to which the necessary
constants were added, changing only the fluid
temperatures; as was the mass flow rate, which
was 8 kg/min (Figure 2).

Mombre Expresidn Valor Descripcion

T_in 273.15+60[K] 333.15[K] |Inflow temperature ~
T_pipe 273.15+14[K] 287.15[K] |Pipe temperature

v_in 9.1[m/s] 9.1[mfs]  [Inflow velocity

rho0 988[kgjm"3] 988[@3] Reference density, water

L_in 0.9[m] 0.9[m]
mf_in 8[kg/min]

‘Width of inflow boundary
0.133333[KMass inflaw

~
= H Cancelar Aplicar Ayuda

Figure 2 COMSOL image where the initial conditions are
established

Then, the subdomain values were added
to establish the type of material; in this work,
copper was used due to its good qualities as a
heat conductor (Figure 2).
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Ajustes de Subdeminio - Transferencia de Calor General (htgh) x
Ecuacién
Vil + k) VTF) = Q +qTF - pCou T

TF = temperatura, ky = CiglPry, Entalpia = C,Tiy +p,/p

Cantidad Valor/Expresian
k K(TIL1/KDIW/(m*K)]
P rho(TA1/K][kg/m"3]
G Co(T1/KDI/(kg*K)]
q o
Q 0
Opacdad: [opaca =

Grupo: |default v
[ Seleccionar por grupo

Activa en este dominio

Cancelar Aplicar Ayuda
: r

Ajustes de Subdominio - Transferencia de Calor General (htgh2) X
Ecuacién
TRTTs) = Q + q,Ts
Ts = temperatura

Subdominios  Grupes Elemento Infinita.  Inicial Elemento

Seleccién de Subdominio

Material de fbreriz: | Copper
Cantidad valor/Expresién unidad
k 44 5T J(m*K)] Wik
[ rho_solid_1(Ts[1/K])[ka/m"3] kg/m*
< €_solid_1(Ts[1/K])[3/(ka*K)]
q, o
Q o
Opacidsd: [Qpaco ~

(kg K)  Capacidad

3 Canecslar aplicar Ayuda

Figure 3 Subdomain conditions and type of material

Subsequently, contour values were
established, this is where the walls that are going
to be conductive and those that remain as
insulators are determined (Figure 4).

Ecuscin

n{-kTTF) =0

Contsens  Grupos Condicain de contornd

Selexcién da contorno ariganes y restricciones de contamo

Coeficsente de lbreria Carga.

Condién da contoma: | Fige convectivo

Condicidn de contamo de ssida

[ Sebeccon por gupo

[ Conternos teriores

Figure 4 Boundary values conditions.

As a next step, the type of flow was
established (it can be heat transfer by conduction,
convection and radiation), in this work a
convective flow was selected in the fluid outlet
area of the shell (Figure 5).

A temperature of 60°C was set at the
shell inlet (Figure 6). The walls marked in red
were set as the cold zones of the exchanger
(Figure 7).

Finally, the exchanger wall was
considered as insulation (Figure 8).
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Figure 5 Selection of the type of convective flow, the blue
lines indicate the zone of the exchanger where this
condition will be
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Figure 6 60°C temperature at the casing inlet
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Figure 7 The red lines indicate the cold zones of the
exchanger
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Ecuacion
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Figure 8 The walls of the exchanger were considered as
insulators

Results
The theoretical calculations are shown below.

Qmax =

114 Con(Thin — Tein)

. kg KJ
Omax = % (4.18@ x °c) (60°C — 14°) = 25.6 kW

0 =% Qg = (0.72) (25.6%) = 1843 kW

The simulation results are as follows:

Curva de nivel: Campo de velocidad [mfs] Maximo: 9.095¢-3

x102
5.085

£
~

8.629

8.163

7.69%

7.3
6.763
6.207
5.83

5.364
4.898
4431
3.965
3.498
3.082
2565
2,099

1.633

1.166

7

0233
Miimo: 2,332e-4

Figure 9 Fluid velocity profile in the housing
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Figure 10 Schematic representations of the conductive
heat fluxes in the tubes, the column shows the variation of
colors according to the range of heat flow
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The water current flowing through the
shell of the exchanger corresponds to the hot
fluid, whose inlet temperature is 60 °C and
through the tubes of the exchanger flows the cold
water, which is the one that requires to be
preheated, the graph obtained from the
simulation in COMSOL shows how the outlet
temperature of the hot fluid from the shell
decreases, becoming fainter color with respect to
the color that acquires the higher temperature.
On the other hand, the temperature that could be
observed outside the tubes presented different
shades, which represent the different
temperatures that occur due to the effect of the
velocity profile where the cold water flows, in
addition, outside these tubes it was observed that
the heat transfer was carried out by conduction
due to the direct contact of the hot stream with
the tubes.

The heat fluxes ranged from 17000 to
18800 W/m?, considering, how in the theoretical
calculations that the heat exchange area was 2.54
m2, the total amount of heat transfer was in the
range of 43,180 kW to 47,752 kW. That is,
almost 2.5 times that obtained theoretically. The
difference is that the theoretical calculations do
not consider the velocity profiles of the fluids,
the shape and arrangement of the tubes, the
temperature profile originated by the movement
of the fluids, in addition to the type of heat flow,
which in the simulation was conductive and
convective, therefore, the value of the simulation
would be closer to that obtained in a real
operation of the heat exchanger.

Conclusions

In accordance with the objective of the project,
the variables that were considered adequate in
the description of the problem were established
and assigned, and when obtaining the resolution
of the problem in the program, it was possible to
observe graphically the representation of the
profiles of temperature, velocity and heat flow at
the inlet and outlet of the fluid in the tubes and
casing. This allowed to obtain a different result,
however, more accurate to the real operation of
this type of equipment.
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