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Abstract: - Computer-aided design has become extremely popular as it assists in the creation, modification,
analysis, or optimization of design of any equipment. It is also used to simulate the material and energy
balances of chemical processing plants. Software’s such as Aspen HYSYS, CHEMCAD, Aspen Plus, HTRI Xchanger
Suite etc. are mainly used for the study of effects of the many interacting design parameters and achieve an
optimum thermal design. Shell and tube heat exchangers are used extensively throughout the process industry
and their optimum thermal design involves the consideration of many interacting design parameters. Some of
the parameters affecting the overall performance of a shell and tube heat exchanger are the pressure drop
across the exchanger, the velocity of the fluids, the film coefficients, effective heat transfer area etc. Pressure
drop is a parameter which is always strived to be kept minimum for the optimal design of heat exchangers.
Also, the velocity of the fluids and the film coefficient which are dependent on each other are to be studied
during heat exchanger designing. The change in all these parameters is studied by performing variations in the
design of the heat exchanger. The variations performed include different values for number of tube passes,
outer diameter of tubes and inner diameter of shell. Thus, results indicated that the pressure drop in the shell
side increases with increase in outer diameter of tube and decreases with increase in inner diameter of shell.
And in the tube side, the pressure drop increases with increase in number of tube passes. Also, the average
velocity of the shell side increases with increase in outer diameter of tube and decreases with increase in inner
diameter of shell. And average velocity of the tube side fluid increases with increase in number of tube passes.
The film coefficients also show a specific change in their value.
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1. INTRODUCTION

The use of information technology in the design process is called as computer-aided design
(CAD). The core of a CAD system is the software, which makes use of graphics for product
representation, databases for storing the product model and drives the peripherals for product
presentation. The user can perform Static, Dynamic and Natural Frequency analysis, Heat
transfer analysis, Plastic analysis, Fluid flow analysis, Motion analysis, Tolerance analysis, Design
optimization etc. on such systems (Bilalis, 2000). CAD systems can shorten the design time of a
product. Softwares providing such facilities include Aspen HYSYS, CHEMCAD, Aspen Plus, HTRI
Xchanger Suite etc.

CHEMCAD is a software which is capable of modeling continuous, batch and semi-batch
processes. It can simulate both steady-state and dynamic systems. This program is used
extensively around the world for the design, operation, and maintenance of chemical processes
(Chemstations, Inc., 2007). CHEMCAD uses an integrated module called CC-THERM for the
designing of heat exchangers. This CC-THERM automatically transfers process data from the
process flowsheets to the heat exchanger analysis, and heating curves and physical properties
data are automatically generated using the same properties and methods (Chemstations, Inc.,
2006). Thus, these reports are useful in the study of the shell and tube heat exchanger in this
software.

Shell and tube heat exchanger is the most widely used form of heat transfer equipment. It
consists of a shell and a tube bundle inside it. Two same or different fluids at different
temperature for heat transfer and passed through the shell and the tubes. Other components
of the heat exchanger include the baffles that are inside the shell, tube sheet that holds the
tubes inside the shell, etc. The shell and tube heat exchangers find their applications in a variety
of sectors.

2. Procedure

A simulation for the given design data of the shell and tube heat exchanger was performed
according to the problem stated below.

Problem — 12000 kg/hr of water available at 93°C is to be cooled to 50°C in a shell and tube
heat exchanger. This heat is to be utilised for preheating from 15°C to 45°C. Cold water is to be
circulated through the tubes while hot water is to be circulated on shell side. Tubes of inside
diameter 20mm are to used and the maximum velocity through the tubes should not be more
than 0.5 m/s. Due to space limitations the tube length is to be restricted to 3.2m. Overall heat
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transfer coefficient for the heat exchanger is 1450 W/m?2K. Fouling resistance and metal wall

resistance may be neglected.

Table 1: Geometric data of the heat exchanger

Specifications Unit Value

Design TEMA R
Material Carbon Steel
Shell I.D. m 0.35

Number of Tubes 64

Tube Pattern Rotated Triangular (60°)
Tube I.D m 0.02

Tube Pitch m 0.035

Number of Tube Passes 2

Number of Baffles 34

Baffle Spacing m 0.072

Baffle Cut % 30

Baffle Type Single Segmental

On the CHEMCAD user interface, a flow sheet was generated using the HTXR heat exchanger.

Component used is only water on both the tube and shell side. The heat exchanger can be

specified via different parameters in the setting windows. Thus, a simulation is run for this

simple heat exchanger data. For the rigorous simulation, CC-THERM is called up at "Sizing: Heat

Exchangers".

After selecting the tubular heat exchanger, the module first asks which heat exchanger in the

flow sheet is concerned. As we input its number, it asks which feed stream is supposed to flow

through the heat exchanger in the tubes. In this simulation, the cold water flows through the

tubes. The CHEMCAD then generates the heat curve. Then, it shows the windows where

detailed specifications of the heat exchanger are to be input one by one.
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Figure 1: User Interface of CHEMCAD

The first window occurring is the “General Specifications” window. In “Calculation Mode”, it is
possible to choose between the design and the rating case. The Tubular Exchanger
Manufacturer’s Association (TEMA) Type R standards are used for calculation basis. The
standards according to TEMA are specified in this window. The next settings window “Tube
Specifications” opens automatically after confirmation. Details of the tube bundle are entered
first. In the case of rating, all entry fields can be edited. The geometric data of the heat
exchanger tubes is entered as stated in Table 1. The “Shell Specifications” window opens next.
Besides stating the shell diameter, it is also possible to enter whether several heat exchangers
are to be connected in parallel or in series. Here, only one heat exchanger is used. The nozzles
can be specified in the subsequent window “Nozzle Specifications”. The nozzle inlet and outlet
diameters for both tube and shell side can be specified in this. Geometric dimensions and
alignments of the baffle plates can be set in the next window “Baffle Specifications”. The inlet
and outlet spacing of the baffles and baffle cut can be entered. As we enter the baffle spacing,
the number of baffles is directly calculated by CC-THERM. The next window appearing is the
“Clearance Specification” window. Required clearances for baffle to shell, shell to outer tube
limit, tube to baffle are specified in this stage. The material required to use for fabrication of
different parts of the exchanger are to be stated in the next window “Material Specifications”.
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Other remaining data for the heat exchanger is stated in last “Miscellaneous Specifications”
window. Once all settings have been completed, the main menu of the tubular heat exchanger
is displayed in CC-THERM. The rigorous simulation of the heat exchanger with the previously
entered data is performed with the command “Calculate”. The results of the calculation can be
viewed in “View Results”. It is also possible to have the results exported to Excel or as a text file.
The desired report section can be selected in “Select Reports” and afterwards generated with
“Generate Reports”.

-
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Edit Heat Curve
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Exchanger Geometry

Calculate
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Figure 2: Shell and Tube Heat Exchanger Menu

Simulations for variations in the values of heat exchanger specifications were then performed
and the results were compared with the basic simulation. The variation included change in
number of tube passes, outer diameter of tubes and inner diameter of shell. Every specification
was changed for different values keeping the others constant. Thus, the Excel sheets were
generated for every change in specifications. These reports include general data and a summary
of the key information regarding the current exchanger. It contains physical configuration, heat
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transfer information and information describing the thermodynamic options and engineering
units being used. It also contains an overall report of the tube side and shell side data
(Chemstations, Inc., 2006). Difference in the values of pressure drop (AP), average velocity (V)
and film coefficient (U) for these changes were studied and graphs were plotted for shell side or
tube side(in case of number of tube passes). The average velocity (V) of the shell side fluid is the
average of cross flow, end-zone and window-flow velocity. The pressure drop is the calculated
pressure drop which include pressure drop due to friction in nozzles, sudden cross sectional
area change and friction in shell or tube. It is the total of all these units. The shell side film
coefficient is the shell side heat transfer coefficient based on tube outside surface area. The
tube side film coefficient is the tube side heat transfer coefficient based on the tube inside
area. Effect of number of tube passes was studied by assigning the values 2, 3 and 4. Effect of
outer diameter of tubes was studied by assigning the values 0.023m, 0.024m, 0.025m, 0.026m
and 0.027m. Effect of inner diameter of shell was studied by assigning the values 0.33m, 0.34m,
0.35m and 0.36m.

3. Results and Discussions
3.1 Effect of Tube Passes

Table 2: Effect of tube passes

Tubes Passes AP (Pa) V (m/s) U (W/mZK)
2 1510.3358 0.477 2390.28
3 11155.3906 0.715 3306.15
4 12856.8753 1.03 4441.56
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Figure 3: Graph showing effect of change in number of tube passes

Figure 3 depicts the pressure drop, average velocity and film coefficient of the tube side against
tube passes at constant outer diameter of tubes of 0.026m and inner diameter of shell of
0.35m. It was observed that as the tube side passes increases, the tube side average velocity,
pressure drop and film coefficient increases rapidly.

The increase in number of tube side passes results in less area available for flow of the tube
side fluid, thus the velocity of fluid increases. This results to the increase in pressure drop. As
the velocity of fluid increases, the turbulence increases which results in more film coefficient of
the tube side.

3.2 Effect of Outer Diameter of Tubes

Table 3: Effect of outer diameter of tubes

Outer Diameter of AP (Pa) V (m/s) U (W/m2K)
Tubes (m)

0.023 609.4424 0.265 2979.92
0.024 1385.9312 0.282 3023.12

Available Online at www.ijpret.com



0.025 2471.0869 0.302 3075.19
0.026 3555.1549 0.323 3126.08
0.027 4294.1264 0.339 3162.38

Effect of change in outer diameter of tubes
4500 0.4

7~ loss

4000 /
3500 036

4 - 034 ——AP
3000 4——7—‘—- 032 =
2500 03 E =—U
— |/ N —
1500 '
< Pt - 0.24
1000 7 - 0.22

500 0.2
0.023 0.024 0.025 0026 0.027

Outer diameter of tube (m)

P & U (Pa & W/m2K)

Figure 4: Graph showing effect of change in outer diameter of tubes

Figure 4 depicts the pressure drop, average velocity and film coefficient of the shell side against
outer diameter of tubes at constant value of 2 of the tube side passes and inner diameter of
shell of 0.35m. It was observed that as the outer diameter of tubes increases, the shell side
average velocity, pressure drop and film coefficient increases rapidly.

The increase in outer diameter of tube results in less flow area in the shell side, thus increasing
the cross-flow velocity of the shell side fluid. This amounts to the increase in pressure drop. As
the velocity of fluid increases, the turbulence increases which results in more film coefficient of
the shell side.
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3.3 Effect of Inner Diameter of Shell

Table 4: Effect of inner diameter of shell

Inner Diameter of AP (Pa) V (m/s) U (W/mZ3K)
Shell (m)
0.33 4421.2332 0.342 3411.5
0.34 3948.4521 0.332 3240.71
0.35 3555.1549 0.323 3126.08
0.36 3199.1356 0.314 3020.79
Effect of change in inner diameter of shell
5000 0.345
0.34
< 4500 \
% \\ 0.335
5 4000 03
& E =—AP
= 0.325 >
S 3500 —U
g \ 0.32 —V/
<1 3000
0.315
2500 0.31

0.33

0.34

0.35

Inner Diameter of Shell (m)

0.36

Figure 5: Graph showing effect of change in inner diameter of shell

Figure 5 depicts the pressure drop, average velocity and film coefficient of the shell side against
inner diameter of shell at constant value of 2 of tube side passes and outer diameter of tubes of
0.026m. It was observed that as the inner diameter of shell increases, the shell side average

velocity, pressure drop and film coefficient decreases rapidly.
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The increase in inner diameter of the shell increases the flow area on the shell side thus
reducing the cross-flow velocity of the shell side fluid. This results in the reduction in pressure
drop. As the velocity of fluid decreases, the turbulence decreases which decreases the film
coefficient of the shell side.

4. Conclusion

Simulation for a shell and tube heat exchanger was carried out and evaluated using the
CHEMCAD software. Reports for each simulation of changes in the specifications were
generated and compared. It was observed that the shell side average velocity, pressure drop
and film coefficient increases with increase in the outer diameter of tube and decreases with
increase in inner diameter of shell. On the tube side, the average velocity, pressure drop and
film coefficient increases with increase in the number of tube passes.
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