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Abstract
Shell and tube heat exchangers are widely used in the industrial chemical processes,
especially in refineries, due to their main advantages over other types of heat exchangers.
The concerned shell and tube heat exchanger that studied in the paper is used at
ZWETINA OIL COMPANY. Extensive simulations of steady state thermal analysis
were carried out by using MATLAB R2013a software in an attempt to determine
quantitative combined and overlapping relationships among the heat exchanger
performance and its associated design and operating parameters such as heat transfer
coefficient, friction coefficient, length, and pressure drop. Different tube wall materials
and fluid streams were also simulated in order to investigate their effect on the heat
exchanger effectiveness. The results show the total heat transfer increases with the
increase of tube length and decreasing the input temperature. The pressure drop on the
shell side increases with increasing both the flow velocity and number of baffles. The
pressure drop on the pipe side increases with increasing both the flow velocity and
number of passages. The pressure drop increases with increasing the fluid density. The
Nusselt number increases when the increase of internal heat transfer coefficient and
decreasing the thermal conductivity.
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1. INTRODUCTION

To transmit heat between two or more
fluid streams that have been heated to
different temperatures, devices known as
heat exchangers are utilized. Air
conditioning,  refrigeration,  electronics
cooling, electricity generation, chemical
processing, and automobile utilization are
just a few of the uses for heat exchangers.
Heat exchangers are engineering devices
that efficiently transfer heat from a hot fluid
flow to a cool fluid flow, often through a
metallic wall medium and with no moving
components. The most common type of heat
exchanger used in oil refineries and other

sizable chemical processing facilities is a
shell and tube heat exchanger (Fig.1), which
is suitable for higher-pressure applications.
Many design and operational considerations
affect how well a shell and tube heat
exchanger conducts heat. Among these,
thermal conductivities of the conductive
metals and fluids involved, flow velocity,
pressure drop, number of baffles, inlet and
outlet temperatures, and other factors. It is
seldom easy to create an accurate prediction
about how a heat exchanger will operate
under a given combination of loading,
design, and operating circumstances.
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Fig.1. lllustrates schematic diagram of the shell and tube heat exchanger

Tinker proposed a conceptual flow
pattern that split the shell-side flow into
many distinct streams. The "Stream analysis
method,” was founded on the Tinker's
concept which employs a rigorous iterative
methodology and it is especially ideal for
computer computations rather than manual
calculations [6]. The development of
computerized software for heat exchanger
design may facilitate from explicit
representations of LMTD  Correction
variables, according to Roetzel and Nicole
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[4]. Saunders offered in his book a
workable approach with straightforward
design considerations, and the method is
quickly applied to a predefined set of
geometrical parameters. His research uses
correction variables for connections between
pressure drop and heat transfer [5]. In their
study, Wills and Johnston designed a stream
analysis technique that may be shown by
hand calculations. For the distributions of
flow and pressure drop in shell and tubes,
they introduced a new and accurate hand
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calculation technique [7]. Reppich and
Zagermann presented in their study a
computer-based  design  approach  for
determining the ideal shell-and-tube heat
exchanger dimensions by computing the
ideal shell-side and tube-side pressure drops
using the equation presented in their work.
Number of tubes, length of tubes, shell
diameter, number of baffles, baffle cut, and
baffle spacing are the Six
optimized dimensional parameters [3]. The
optimization of a shell-and-tube heat
exchanger is carried out using the optimizer
software package, according to Liljana
Markovska and Vera Mesko. The implicit
constraint is defined together with the
objective function. The equations describing
the process are solved simultaneously using
this technique [2]. A numerical approach of
solution, developed by Lebele-Alawa and
Victor Egwanwo, can take into
consideration temperature-dependent change
in fluid characteristics and heat transfer.
Three separated industrial heat exchangers'
field data were gathered, and fundamental
controlling equations were used. The output
temperatures, heat transfer coefficients, and
heat exchanger performance are among the
variables analyzed [1].

The main purpose of this study is to carry
out steady state thermal analysis using
MATLAB software in spite to simulate
thermal performance of real shell and tube
heat exchanger used in ZWETINA OIL
COMPANY at different operating and
design  parameters such as thermal
conductivities (K), tubes' lengths (L), inlet
temperatures (T Tn), outlet temperatures
(Teo: Tho), heat transfer coefficient (H), flow
velocity (V), pressure drop (AP), number of
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baffles (Nb), number of passes (Np), fluid
density (p) and friction factor (f).

2. METHODOLOGY

A set of tubes make up a shell and tube
heat exchanger. The fluid that has been
heated or cooled is contained in one set of
these tubes. The second fluid flows across
the heated or cooled tubes so that it can
either generate or absorb the needed heat.
ZWETINA OIL COMPANY's shell and
tube heat exchanger was selected to be
studied in this work because of its basic data
availability and accessibility that listed in
Table 1. Its thermal performance
characteristics were investigated as a
function of several operating and design
parameters. ~ These  parameters  are
specifically heat loss as function of thermal
conductivity, total heat transfer, pressure
drop, Nusselt number, friction factor, flow
velocity, inner heat transfer coefficient,
inner cold temperature, length of shell, and
calculated energy  balance  utilizing
MATLAB R 2013 software. In a simple-to-
use interface, it mixes computation,
visualization, and programming while
expressing issues and solutions using well-
known mathematical notation. Math and
computing, the creation of algorithms,
modeling, simulation, and programming,
data analysis, exploration, and visualization,
scientific and engineering graphics, and
application development, including the
creation of graphical user interfaces, are
examples of typical usage.

The heat transfer in this double-pipe
arrangement could be calculated by the
following formula (eq. (1)):

q=UAAT,, (1)
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Where;
U = overall heat-transfer coefficient
A = surface area for heat transfer
consistent with definition of U

(Th2-Tc2 )-( Th1-Tcl)
ATm = (Thz—Tcz)

n [( Thi-Te1i)

2

The overall heat-transfer coefficient (eq. (3)
and eq. (4)) may be calculated based on
either the inside or outside area of the tube
at the preference of the designer.

m = Suitable mean temperature
difference across heat exchanger

The temperature difference is called the log
mean temperature difference (LMTD). Stated
verbally, it is the temperature difference at one
end of the heat exchanger less the temperature
difference at the other end of the exchanger
divided by the natural logarithm of the ratio of
these two temperature differences as
illustrated in eq. (2).

1
Ui = ; 3
Ty Al 4 )
hil 2kl " ho Ag
U 1
= 4
°T 1 Ao (5D 4 a0 )
hg  2mkl "hiAi

Table.1. Tabulation of being studied shell and tube heat exchanger basic data

Physical quantity Value
Length of shell (L) 12.19m
Width of shell (Wq,) 1.067 m
Inlet cold temperature (T;) 29°C
Exit cold temperature (T,) 46 °C
Inlet hot temperature (T;) 69 °C
Outlet hot temperature (Tyo) 45°C
Thermal conductivity of fluid (K¢) 0.92
Nussle number (N) 3.66
Inner heat transfer coefficient (H;) 215 W/m2.eC
Outer heat transfer coefficient (H,) 15 W/m*.eC
Effectiveness (E) 42
Mass flow rate of hot (M) 18.5 Kg/s
Mass flow rate of cold (M) 81 Kg/s
Number of tubes (Ny) 2200
Fouling Thermal conductivity (K) 70 W/m.k
Fouling factor of shell (Fs) 0.001
Fouling factor of tube (F) 0.0005
Internal pressure of cold (Pg;) 262 KPa
External pressure of cold (P,) 255 KPa
Internal pressure of hot (Py) 1703 KPa
External pressure of hot (Py,) 1509.9 KPa
Inner tube diameter (Dy) 0.0158 m
Outer tube diameter (Dy,) 0.02054 m
Shell-side velocity (V) 1.146 m/s
Tube-side velocity (V) 0.2987 m/s
Viscosity (1) 0.000685 Kg/m.s
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Heat capacity for cold material (Cp) ‘ 4.178 KJ/Kg.k
Heat capacity for hot material (C,p) | 2.4 KJ/Kgk
3. RESULTS AND DISCUSSION transferred increases at different simulated

thermal conductivities of the wall material.
Fig.2 shows the effect of the inner cold
temperature on the heat transfer amount. It
can be seen that at different thermal
conductivities the heat transfer amount
decreases with the increase of inner cold
temperature.

Findings obtained from the
aforementioned computations were
displayed, analyzed and discussed in this
part of the study. Fig.1 shows a proportional
relationship  between the total heat
transferred and the shell length, as when the
length of the shell increases, the total heat
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Fig.2 Effect of shell length on heat transfer at different thermal conductivities

Fig.3 depicts the relationship between transmitted rises as the inlet hot temperature
the total heat transfer and the inlet hot rises at different thermal conductivity of the
temperature, illustrating how the total heat metals.
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Fig.3. Effect of inner cold temperature heat transfer at different thermal conductivities

Figure 4 shows the effect of inlet hot show that the heat transfer value increases
temperature on the heat transfer at different with the increase of inlet of temperature
material thermal conductivities. The results and the thermal conductivity.
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Fig.4. Effect of inlet hot temperature on heat transfer at various thermal conductivities

Figure 5 shows the effect of inner heat increases with the increase of inner heat
transfer coefficient on the Nusselt number transfer coefficient while it decreases with
at different fluid thermal conductivities. It the decrease of fluid thermal conductivity.

can be seen that the Nusselt number
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Fig.5. Effect of inner heat transfer coefficient on Nusselt number at different fluid thermal
conductivities

Figure 6 shows the effect of inlet cold increase of inlet cold temperature. At
temperature on the heat transfer value at constant inlet cold temperature it can be
different shell lengths. It can be noticed that seen that heat transfer value increases with
at all tested shell lengths it was found that increasing shell length.

the heat transfer value decreases with the
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Figures 7 and 8 show the effect of fluid
flow velocity on the pressure drop through
the heat exchanger at different number of
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barriers It can be seen that the pressure
drop rises with both the flow velocity and
the number of barriers
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Fig.7. Effect of flow velocity on pressure drop at different number of baffles
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Fig.9 Effect of flow velocity on pressure drop at different number of baffles

Figure 10 shows the effect of flow was the lowest. Also it can be noticed the
velocity on the pressure drop at different pressure drop difference increases at high
densities. It can be seen that glycerin has values of flow velocity.

the highest pressure drop while the water
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Fig.10. Effect of flow velocity on pressure drop at different fluid densities

Figure 11 shows the relationship can be seen as the flow friction factor
between the friction factor and the flow increases with the increase of flow velocity
velocity at different inner tube diameters. It at all tested diameters.
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Fig.10. Effect of flow velocity on pressure drop at different inner tube diameters
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Figure 12 shows the effect of flow the highest pressure drop while the water
velocity on the friction factor at different was the lowest.
densities. It can be seen that glycerin has
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Fig.12. Effect of flow velocity on the friction factor at different fluid densities

4. CONCLUSION e The pressure drop on the pipe side
increases with increasing both the
flow velocity and number of
passages.

The  following  points  were
concluded:

e The total heat transfer increases with
the increase of tube length and
decreasing the input temperature.

e The pressure drop increases with
increasing the fluid density.

e The Nusselt number increases when
the increase of internal heat transfer
coefficient and decreasing the thermal
conductivity.

e The pressure drop on the shell side
increases with increasing both the
flow velocity and number of baffles.
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