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Heat exchangers are important equipment for the
process of placing heat. The most widely used type of
heat exchanger is shell and tube. This type is widely used
because of its simple and easy design. Design of shell and
tube heat exchangers is done by the side or shell varia-
tions to get the desired performance. Therefore, research
is conducted to study the effect of tube thickness on heat
transfer, pressure drop, and stress that occurs in the shell
and tube heat exchanger so that the optimal tube thick-
ness is obtained.

In this research, the activities carried out are the
design of heat exchangers for the production of oxy-
gen with a capacity of 30 tons/day. The standard used
in this study is the 9th edition heat exchanger design
guidance document compiled by the Tubular Exchanger
Manufacturer Association (TEMA). Analysis of the tube
thickness effect on heat transfer, pressure drop, and
stress was carried out using the SimScale platform.

The effect of variations in tube thickness on heat trans-
Jer is that the thicker the tube, the lower the heat trans-
Jer effectiveness. The highest value of the heat exchang-
er effectiveness is 0.969 at the tube thickness variation
of 0.5 mm. The lowest value of the heat exchanger effec-
tiveness is 0.931 at the tube thickness variation of 1.5 mm.
The effect of variations in tube thickness on pressure drop
is that the thicker the tube, the higher the pressure drop.
The highest value of pressure drop is in the variation in
tube thickness of 1.5mm, 321 Pa. The lowest value of
drop pressure is in the variation of 0.5 mm tube thickness,
which is 203 Pa. The thickness of the tube also increases
the maximum stress on the components of the shell, head,
tubesheet, baffle, and saddle, but the value is fluctuating
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1. Introduction

Heat exchanger is a device used to transfer heat energy
between two fluids or more without mass transfer [1]. The
equipment is mostly used in the chemical, nuclear energy,
and oil industries [2]. The most common type of heat ex-
changer is shell and tube heat exchanger [3]. Design of a
heat exchanger needs a standard [4]. The standard document
for designing shell and tube heat exchangers is a document
published by the Tubular Exchanger Manufacturers Associ-
ation [5]. The standard for designing shell and tube heat ex-
changers published by the Tubular Exchanger Manufacturer
Association is not optimal, so it is needed to change the di-
mensions of its components to acquire optimal performance
and production cost [6]. Researchers feel that the existing
standards are not efficient, so many researchers are still
looking for the best parameters in the design. Dimensional
changes in the tool affect equipment performance. Dimen-
sional changes in the heat exchanger components affect the
value of heat transfer coefficient and pressure drop [7-9].
Several components will deviate from the original standards
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if they follow industry requirements [8]. One of the parame-
ters that affect the value of heat transfer, pressure drop, and
stress is the change of tube thickness. Design optimization is
used to acquire minimal pressure drop, so the operating costs
on pumps and fans can be reduced [9]. Dimensional changes
in the shell and tube heat exchanger components not only
affect heat transfer and pressure drop but can also affect the
stress on the equipment [10]. Stress distribution influences
the safety of equipment when operating [11]. Therefore, this
study aims to determine the effect of tube thickness on heat
transfer, pressure drop, and stress, so the results can be used
as a reference of heat exchanger tube dimensions.

2. Literature review and problem statement

The study on the effect of tube wall thickness on heat
transfer was carried out. The methods used in this research
are experiment and computational fluid dynamics (CFD).
The result of this study is that the thickness of the tube
walls affects the heat transfer convection [12]. On the other



hand, the study on the effect of tube dimensions was made.
The tube is modified so that it has fins. The heat transfer
and pressure drop were investigated. The computational
fluid dynamics method was used. The result of this study
is that the increasing of fins height makes the increasing of
heat transfer and pressure drop, while the decreasing of tube
thickness makes the increasing of heat transfer and decreas-
ing of pressure drop [13].

The research about the effect of conduction on tube walls
was conducted. The method used is the finite element meth-
od. The finite element method is implemented with the help
of MATLAB software. This study shows that tubes with a
thickness of 0.5 mm have a better temperature profile than
with a thickness of 1 mm to 2 mm [14].

Research on the effect of thickness and material prop-
erties in perforated cylindrical tubes on heat transfer and
waveform distortion was conducted. The method used is the
calculation of thermal resistance and the estimated input
algorithm. The input algorithm estimation method is imple-
mented with the help of Fluent software. This study shows
that tube thickness affects heat transfer [15].

The study on the effect of the wall thickness of material
on heat transfer was carried out. The method used is mathe-
matical modelling with the help of MATLAB software. The
results of this study indicate that the thickness of a material
affects heat transfer [16].

Shell diameter, tube bundle diameter, tube outer diam-
eter, tube pitch, tube arrangement, number of tube passes,
and number of tubes can be determined from the standards
published by TEMA. However, it is necessary to optimize
some of these standards to obtain the desired heat exchang-
er performance [17]. On the other hand, the research was
performed, which did not use the standards published by
TEMA for some of heat exchanger components, and vari-
ations were made to get the best value in terms of perfor-
mance and production costs [6].

The research that has been done is to analyze the effect
of dimensions on pressure drop and heat transfer. At the
same time, the dimensions affect the stress that occurs.
Stress analysis is used to determine the effect of variations
in tube thickness on the maximum and average stresses that
occur, but the previous research has not studied the stress
condition in the equipment. The maximum stress analysis in
the design is used to protect it from failure [18], and the av-
erage stress analysis is used to increase the efficiency of the
material used [19]. The effect of stress on the dimensions of
the shell and tube heat exchanger has never been carried out,
so research on the effect of dimensions on stress is necessary
for this study.

3. The aim and objectives of the study

This study aims to determine the change of heat ex-
changer characteristics (flow, heat transfer, and stress) that
have varied tube thickness, so the results can be used as
a reference to determine the indicators of heat exchanger
characteristics.

To achieve the aim, the following objectives are accom-
plished:

— to determine the effect of tube thickness on heat distri-
bution by using computer simulation;

— to determine the effect of tube thickness on pressure
drop by using computer simulation;

— to determine the effect of tube thickness on stress dis-
tribution by using computer simulation;
— to access the indicators of heat exchanger effectiveness.

4. Methods of research

This research begins with making geometry with CAD-
based software. CAE can convert complex physics problems
and then convert them into mathematical domains to solve
[20]. The geometric specifications of the heat exchanger used
in this study are presented in Table 1. The heat exchanger
specifications refer to the standards published by the Tubu-
lar Exchanger Manufacturers Association. The tube thick-
ness used in this study was 0.5 mm, 0.6 mm, 0.7 mm, 0.8 mm,
0.9mm, 1.0 mm, 1.1 mm, 1.2 mm, 1.3 mm, 1.4 mm, 1.5 mm.

Table 1

Heat Exchanger Specifications

Type BEM (horizontal)
Material Stainless Steel 304
Safety Factor 2
Yield Stress 205 MPa
Allowable Stress 102.5 MPa
Shell Diameter 273.1 mm
Shell Thickness 3.4 mm
Tubesheet Diameter 266.3 mm
Tubesheet Thickness 19.1 mm
Baffle Type Segmental
Baffle Cut 25 %
Number of Baffles 2
Number of Tie Rod 4
Tie Rod Diameter 9.5 mm
Tube Diameter 19.05 mm
Tube Thickness 0.5 mm
Number of Tube 64
Tube Pattern Triangular
Internal Pressure (shell) 0.36 MPa
Internal Pressure (tube) 0.23 MPa
Shell Inlet Temperature 75.26 °C/348.26 K
Tube Inlet Temperature 500 °C/773 K
Cooling Fluid Mass Flowrate 0.7316 kg /s
Hot Fluid Mass Flowrate 0.0386 kg/s
Cooling Fluid Density 1.57x109 kg/m?
Reynolds Number of Hot Fluid 989
Inlet Diameter of Hot Fluid 198.204 mm

The geometry generated by CAD-based software is then
imported into the SimScale platform. The geometry is pre-
sented in Fig. 1. The SimScale platform is used to analyze
heat transfer, pressure drop, and stress.

Simulation results need to be validated [21]. The allow-
able deviation rate is a maximum of 5 % [22]. The simulation
results consist of the distribution of temperature, fluid
pressure, and von Mises stress. The hot fluid outlet tem-
perature is used to calculate the heat transfer effectiveness.
Equation (1) was used to calculate the effectiveness of heat
transfer.
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where:
— & NTU — heat exchang-
er effectiveness;

— Cyupe — specific heat of
hot fluid (W/K);

— Cin — specific heat of
cooling fluid (W/K);

— Tiubein — tube inlet tem-
perature (K);

— Tyube.our — tube outlet
temperature (K);

— Tuhelrin — shell inlet tem-
perature (K).

Validation of the tem-
perature distribution is done
by comparing the tempera-
ture value in the inlet of the
simulation results with the
temperature value entered on
the SimScale platform. Val-
idation of the distribution of
fluid pressure is carried out
by comparing the value of the pressure drop in the coolant
fluid with the results of calculations using equation (2) [23].
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where:
— Ap — pressure drop (Pa);
— f — friction factor;
— L — tube length (m);
— p¢ — hot fluid density (kg/m?3);
— Uy, — hot fluid velocity (m/s).
The friction factor is calculated by equation (3).
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where:
— f — friction factor;
— Re - hot fluid Reynolds number.
Hot fluid velocity is calculated by equation (4).
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where:

— Uy, — hot fluid velocity (m/s);

—m — hot fluid mass flowrate (kg/s);

— p; — hot fluid density (kg/m?);

— A — cross flow area (m?).

Stress validation is done by comparing the von Mises
stress value on the shell of the simulation results with the
results of the calculation using equation (5).

Gzrm = Vcil _GH'GL +Gi7 (5)

where:

— 6ym — shell stress (MPa);

— o7 — longitudinal stress (MPa);

— oy — hoop stress (MPa).

Longitudinal stress can be calculated by equation (6)
and Hoop stress can be calculated by equation (7) [24].

Weldneck Flange 1
Tubesheet 1 &

Head 1

Shell Flange 1
Shell

Saddle 1

Saddle 2

Fig. 1. Geometry of shell and tube heat exchanger
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where:

— P — internal pressure (MPa);

— d — shell diameter (m);

—t — shell thickness (m).

Overdesign occurs when the average stress on the heat
exchanger component is not the same as the permitted stress
of the material used. Overdesign can be calculated using
equation (8) [25].
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where:
— Overdesign — overdesign (%);
— Gallowable — allowable stress (Pa);
— Guverage — average stress (Pa).

5. Research results

5. 1. Research results of tube thickness effect on heat
transfer

The temperature distribution simulation results are
shown in Fig. 2. The inlet fluid temperature at all vari-
ations is 773.223 K. This result is the same as the tem-
perature of the hot fluid at the inlet. The hot fluid outlet
temperature varies. The inlet and outlet temperatures are
used to calculate heat exchanger effectiveness. The outlet
temperature and heat exchanger effectiveness are presented
in Table 2.

The relationship between tube thickness and heat ex-
changer effectiveness is presented in Fig. 3. The graph shows
that if the tube thickness increases, the heat exchanger effec-
tiveness will decrease. This applies to the tube thickness in-
terval of 0.5 mm, 0.6 mm, 0.7 mm, 0.8 mm, 0.9 mm, 1.0 mm,
1.1 mm, 1.2 mm, 1.3 mm, 1.4 mm, and 1.5 mm.
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Fig. 2. Temperature distribution of simulation, tube thickness variations: @ — 0.5 mm; 6 — 0.6 mm; ¢ — 0.7 mm; d — 0.8 mm;
e—09mm; F—1.0mm; g —1.1mm; A — 1.2 mm; / — 1.3 mm; j — 1.4 mm; kK — 1.5 mm; /— temperature scale

Table 2 0.980
Simulation Results of Hot Fluid
Temperature and Heat Exchanger
Effectiveness 0.970
Hot Fluid Heat Ex-
Tube Outlet | changer Ef- | 5
No. | Thickness utle changer 2 0.960
(mm) Tempera- | fectiveness ]
mm ture (K) | (e-NTU) o
3]
1 05 361.32 0.969 et 0.950
25)
2 0.6 366.29 0.958 o)
2 0.940
3 0.7 367.57 0.955 s
Q
=
4 0.8 367.82 0.954 83
< 0.930
5 0.9 368.85 0.952 e
6 1.0 370.61 0.948 0.920
7 1.1 370.89 0.947
8 1.2 371.97 0.945 0.910
9 1.3 373.18 0.942
10 1.4 374.71 0.938
1 1.5 377.56 0.931

The performance of heat transfer is affected by heat
exchanger effectiveness. From Fig. 3, it is shown that tube
thickness affects heat exchanger effectiveness, so heat
exchanger effectiveness is better on the thinnest tube
wall.

05 06 07 08 09 10 1.1 12 13 14 15

Tube Thickness (mm)

Fig. 3. Tube thickness vs heat exchanger effectiveness

5.2. Research results of tube thickness effect on
pressure drop

The simulation results of the pressure distribution in the
coolant fluid and hot fluid are presented in Fig. 4, 5. The
pressure drop values in the cooling fluid and hot fluid are
presented in Tables 3, 4. The pressure distribution simula-




tion results are validated using equation (2), which results
are shown in Table 4.
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Fig. 4. Coolant fluid pressure distribution

Table 3

Simulation Results of Coolant Fluid Pressure Drop

Tube Thickness (mm) Cold Fluid Pressure Drop (Pa)

0.5 15560.78
Table 4
Hot Fluid Pressure Drop
Tube Hot Fluid Pressure Drop (Pa)
No. Thickness . Manual Error (%)

(mm) SimScale Calculation

1 0.5 203 198 2.5

2 0.6 208 207 0.5

3 0.7 222 215 3.3

4 0.8 231 228 1.3

5 0.9 242 237 2.1

6 1.0 253 248 2.1

7 1.1 263 263 0.0

8 1.2 275 274 0.4

9 1.3 288 287 0.4

10 1.4 303 299 1.0

1 1.5 321 319 0.6

The relationship between tube thickness and pressure
drop in the hot fluid is presented in Fig. 6. The graph shows
that if the tube thickness increases, the pressure drop will
also increase. This applies to the tube thickness of 0.5 mm,
0.6 mm, 0.7 mm, 0.8 mm, 0.9 mm, 1.0 mm, 1.1 mm, 1.2 mm,
1.3 mm, 1.4 mm, and 1.5 mm.
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Fig. 5. Hot fluid pressure distribution, tube thickness variations: @ — 0.5 mm; 6— 0.6 mm; ¢ — 0.7 mm; d— 0.8 mm;
e—0.9mm; f—1.0mm; g— 1.1mm; A— 1.2 mm; /— 1.3 mm; j— 1.4 mm; k— 1.5 mm; /— pressure scale
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From Fig. 6, the results of Sim-
Scale and manual calculation of hot
fluid pressure drop have the same
trend and the maximum of the differ-
ence value of these methods is 3.3 %.
If the tube thickness increases, the
pressure drop of hot fluid will also in-
crease. So, pressure drop can be min-
imized by decreasing tube thickness.

——SimScale

5. 3. Research results of tube
thickness effect on maximum and
average stress

Manual calculations validate the
results of the von Mises stress distri-
bution simulation. The points used
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to validate the von Mises stress are
presented in Fig. 7. The comparison
) of the simulated von Mises stresses

Tube Thickness (mm) and the manual calculation are pre-
Fig. 6. Hot fluid pressure drop sented in Table 5.
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Fig. 7. Von Mises stress validation points by SimScale, tube thickness variations: @ — 0.5 mm; 6 — 0.6 mm; ¢ — 0.7 mm;
d—0.8mm; e— 0.9 mm; f— 1.0 mm; g— 1.1 mm; A— 1.2mm; /— 1.3 mm; j— 1.4 mm; k— 1.5 mm; /— Von Mises stress scale




The stress distribution on the heat exchanger compo-
nents can be seen more clearly on the inside of the equip-
ment. Then Fig. 8 shows the stress distribution in the
section view of the equipment. The maximum stress value
for each heat exchanger component is shown in Table 6,
and the average stress is shown in Table 7.

The relationship between tube thickness and heat
exchanger component’s maximum stress is presented in

Fig. 9. The graph shows that tube thickness will affect
the maximum stress of each heat exchanger component.
The higher tube thickness causes the maximum stress on
the tube component to decrease and vice versa. The tube
thickness also affects the stress on shell, head 1, head 2,
tubesheet 1, tubesheet 2, baffle 1, baffle 2, tie rod 1, tie
rod 2, tie rod 3, and tie rod 4 components, but the value
fluctuates.

Table 5
Comparison of Von Mises Stress by SimScale and Manual Calculation

No. Tube Thickness (mm) Manual Calculation (MPa) SimScale (MPa) Error (%)

1 0.5 12.20 12.08 0.98

2 0.6 12.20 12.03 1.39

3 0.7 12.20 12.25 0.41

4 0.8 12.20 12.08 0.98

5 0.9 12.20 12.42 1.80

6 1.0 12.20 12.03 1.39

7 1.1 12.20 12.13 0.57

8 1.2 12.20 12.05 1.23

9 1.3 12.20 12.48 2.30
10 1.4 12.20 12.03 1.39

11 1.5 12.20 12.57 3.03
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k

Fig. 8. Von Mises stress distribution on the section view of heat exchanger, tube thickness variations:
a—0.5mm; b— 0.6 mm; c— 0.7 mm; d— 0.8 mm; e — 0.9 mm; f— 1.0 mm; g— 1.1 mm; A— 1.2 mm; /— 1.3 mm;
Jj— 1.4 mm; k— 1.5 mm; /— Von Mises stress scale




Table 6
Simulation Results of Maximum Stress

Heat exchanger with tube thickness

0.5mm [ 0.6mm | 0.7mm | 0.8 mm | 0.9mm | 1.0mm | {.1mm | 1.2mm | 1.3 mm | 1.4 mm | 1.5 mm
Tube 179.41 | 169.95 | 142.20 | 133.10 | 114.10 | 10890 | 83.10 | 73.50 | 72.34 58.10 55.20
Shell 92.34 87.98 94.86 91.65 83.98 91.31 89.68 | 86.35 | 96.35 86.28 83.83

Head 1 30.16 29.51 30.67 28.28 30.76 30.03 29.15 | 2899 | 2998 29.29 30.22
Head 2 30.16 29.46 27.44 29.17 27.45 28.69 2779 | 24.42 29.52 29.17 28.46

Tubesheet 1 | 48.53 57.42 59.36 54.09 66.83 57.02 5248 | 51.75 | 4255 43.14 50.31

I\;[fri?glfn Tubesheet 2 | 63.55 58.80 67.87 61.86 54.66 72.07 64.00 | 66.04 | 5297 53.47 58.49

(<106 Pa) Baffle 1 113.20 | 125.00 13.60 168.32 | 137.97 | 9893 | 110.00 | 149.48 | 128.20 | 145.87 | 158.36

Baffle 2 104.80 | 128.5 152.33 | 105.60 | 113.20 | 121.84 | 15498 | 105.10 | 136.53 | 99.43 | 111.80

Tie Rod 1 49.27 40.07 56.24 63.50 85.12 51.16 51.90 | 57.63 | 46.73 53.86 80.62

Tie Rod 2 18.77 21.29 17.99 14.20 15.80 16.82 19.82 19.15 18.19 21.94 14.90

Tie Rod 3 17.75 32.08 23.67 25.42 30.34 30.46 29.79 25.20 21.48 22.711 32.47

Tie Rod 4 53.19 53.19 53.19 53.19 53.19 53.19 53.19 53.19 53.19 53.19 53.19

Table 7
Simulation Results of Average Stress

Heat exchanger with tube thickness

0.5mm | 0.6mm | 0.7mm | 0.8mm | 0.9mm | 1.0mm |14mm | 1.2mm [1.3mm | 1.4 mm | 1.5 mm

Tube 6.82 6.59 6.16 5.88 5.54 5.28 5.16 5.10 5.00 4.76 4.72
Shell 20.71 20.70 20.67 20.66 20.64 20.59 20.57 | 20.56 | 20.54 | 20.48 20.47
Head 1 9.37 9.38 9.38 9.36 9.38 9.37 9.37 9.40 9.37 9.38 9.39
Head 2 9.48 9.44 9.44 9.44 9.44 9.44 9.45 8.96 9.44 9.43 9.46

Tubesheet 1 | 3.89 3.89 3.89 3.89 3.89 3.89 3.89 3.89 3.89 3.89 3.89
;‘\;z;':e‘ief Tubesheet 2 |  4.63 4.65 4.61 4.62 4.69 4.69 4.70 4.74 4.70 479 4.66
(106 Pa) Baffle 1 13.44 | 13.81 14.00 | 14.35 | 14.35 1485 | 15.10 | 1520 | 1555 | 1553 | 15.76

Baffle 2 13.42 1339 | 1372 | 13.87 | 14.22 14.36 | 14.51 | 1466 | 14.65 | 1489 | 14.98
Tie Rod 1 17.82 17.64 17.88 | 17.62 | 17.60 1769 | 17.28 | 1740 | 1718 | 17.27 | 17.19
Tie Rod 2 1.21 1.24 1.26 1.22 1.21 1.25 1.22 1.32 1.22 1.19 1.19
Tie Rod 3 1.23 1.31 1.31 1.25 1.28 1.31 1.27 1.32 1.25 1.20 1.23

Tie Rod 4 16.89 17.00 16.67 16.58 16.54 16.37 16.53 16.61 15.98 16.11 16.36

200 The relationship between tube
thickness and the average stress of heat
180 —*—Tube exchanger components is presented
—eo—Baffle 1 in Fig. 10. The graph shows that the
. 160 e Baffle 2 tube thickness will affect the average
g 140 attie stress of each heat exchanger compo-
2 Head 1 nent. The higher tube thickness causes
% 120 —o-Head 2 the average stress on the tube and shell
@ component to decrease, while baffle 1
g 100 ~*-Saddle 1 and baffle 2 components increase. Tube
v —e—Saddle 2 thickness also affects the average stress
§ 80 —e—Tubesheet 1 1 the head, tubesheet, and tie rod com-

£ ponents, but the value fluctuates.
5 60 —*—Tubesheet 2 From Fig. 10, it is shown that the
= —e—Tie Rod 1 highest of average stress is shell, while
40 —eTie Rod 2 the lowest of average stress is tie rod 3.
These components have a fluctuating
20 —e—Tie Rod 3 trend. The other components, which
.. . . . . . . —eTieRod4 have a fluctuating trend are head,
0 tubesheet, and tie rod. On the other
0506 07 08 09 1.0 1.1 12 1.3 14 1.5 —=Shell hand, if the tube thickness increases, the
Tube Thickness (mm) average stress of baffle 1 and baffle 2 will
also increase, but the average stress of

Fig. 9. Maximum stress on heat exchanger components the tube and shell will decrease.
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Fig. 10. Average stress on heat exchanger component

5. 4. Indicators of heat exchanger effectiveness

The percentage decrease in heat exchanger effectiveness
is presented in Table 8. The heat exchanger effectiveness
average value decreased by 0.37 % for each 0.1 mm increase
in tube thickness.

nent, namely 8,384 %, while the lowest
overdesign value was found in the shell
component, namely 400 %. In addition,
the increase of tube thickness will in-
crease the overdesign of this compo-
nent, and the percentage of overdesign is
3.64 % per 0.1 mm.

Table 9
Percentage of Hot Fluid Pressure Drop
Increasing
No. Tube Thick- | Pressure | Percent-
ness (mm) | Drop (Pa) age
1 0.5 203 0.00 %
2 0.6 208 2.46 %
3 0.7 222 6.73 %
4 0.8 231 4.05 %
5 0.9 242 4.76 %
6 1.0 253 4.54 %
7 1.1 263 3.95 %
8 1.2 275 4.56 %
9 1.3 288 472 %
10 1.4 303 5.20 %
11 1.5 321 5.94 %
Table 10

Overdesign of Heat Exchanger Components

Allowable Average Overdesign
Table 8 No. | Component Stress (Pa) | Stress (Pa) (%)
Percentage of Heat Exchanger Effectiveness Decreasing L | Tube 05mm | 1025105 6,810 1414
No Tube Thickness | Heat Exchanger Effective- | Percentage 2 | Tube 0.6mm | 102.5x106 6.5x106 1484
: (mm) ness (e-NTU) (%)
1 05 0.969 0.00 3 | Tube 0.7 mm 102.5%108 6.2x108 1561
9 0.6 0.958 114 4 | Tube 0.8 mm 102.5%106 5.9x106 1645
3 0.7 0.955 0.31 5 | Tube 0.9 mm | 102.5%x106 5.5x106 1772
4 0.8 0.954 0.10 6 | Tube 1.0 mm 102.5%106 5.3x106 1843
5 0.9 0.952 0.21 7 | Tube 1.1 mm 102.5%108 5.2x108 1880
6 1.0 0.948 0.42 8 | Tube 1.2mm | 102.5%10° | 5.1x10 1880
7 11 0'94; 0.11 9 | Tube 1.3mm | 102.5x10° | 5.0x10° 1960
8 1.2 0.94 0.21 - -
10 | Tube 1.4mm | 102.5x10° 4.8x106 2045
9 1.3 0.942 0.32
10 14 0938 042 11 | Tube 1.5 mm 102.5%108 4.7x105 2091
13 Head 1 102.5%108 9.4x108 995
Besides affecting the heat transfer efficiency, tube 14 Head 2 102.5%108 9.4x106 995
;hiclﬁlezs Vaﬁiations also affect the pre}fsurﬁ d(riop of the 15 | Tubesheet 1 | 102.5x106 3.8x106 2610
ot fluid. The percentage increase in hot fluid pressure " 5
drop is presented in Table 9. The average hot fluid pressure 16 | Tubesheet 2 102'5X106 4710 - 2091
drop increased by 4.26 % for each 0.1 mm increase in tube 17 Baffle 1 102.5x10 14.7<10 600
thickness. 18 Baffle 2 102.5%x106 14.2x108 625
The heat exchanger components’ design is conducted 19 Tie rod 1 102.5%105 17.5%106 488
by the TEMA standard, and these components have extra 20 Tio rod 2 10250100 22100 483
safety in stress. Table 10 shows the overdesign level of the 1ero : .
heat exchanger components. The overdesign can be calcu- 21 | Tierod3 102.5x10° 1.3x10° 7823
lated using equation (8). 22 | Tierod 4 102.5x10° 16.5x106 524
Table 10 shows that all .of the heat exchanger com- 23 Saddle 1 102.5%10 6.4%10 1509
ponents have a relatively high value of overdesign. The . .
highest overdesign value was found in the tie rod 2 compo- 24 Saddle 2 102.510 3.540 1772




6. Discussion of experimental results

7. Conclusions

The results of heat distribution simulation can be used
to calculate the heat transfer effectiveness more accurately
without manufacturing the heat exchanger to reduce costs
and save time. The temperature of the output of hot fluid is
avariable in equation (1). This study shows that an increase
of 0.1 mm in tube thickness will reduce the heat transfer
effectiveness by 0.37 %. Meanwhile, in [13], the heat ex-
changer effectiveness decreased by 0.25 % for a 0.6 mm
increase in tube thickness, and in [14], the heat exchanger
effectiveness decreased by 6.45 % for a 0.5 mm increase in
tube thickness. Besides, the increase of tube thickness also
decreases the pressure drop in the hot fluid. In [13], the
pressure drop increased by 0.15 % for each 0.6 mm increase
in tube thickness. In [26], the pressure drop rises by 3.96 %
for each 3 mm increase in tube thickness. The results of
this study differ from the works [13, 14] and [26] because
the geometric dimensions under investigation are differ-
ent (tube length, tube thickness, and tube diameter) and
different fluids (fluid properties and fluid velocity). The
increase in the hot fluid pressure drop value is due to the
increased fluid velocity in equation (2). This speed affects
the Reynolds number and fluid friction factor of the hot flu-
id. Apart from affecting the heat transfer effectiveness and
pressure drop, the increase in tube thickness also affects
the overdesign of these components. A 0.1 mm increase in
tube thickness affects the overdesign of the tube 3.64 %.
Therefore, the variations of tube thickness, heat transfer,
pressure drop, and overdesign of the tube have a relation-
ship that can be an indicator of designing a heat exchanger.

On the other hand, all components in this study have a
relatively large overdesign value. This is shown from the stress
analysis on the equipment. The relatively large overdesign val-
ue can affect the costs required in the manufacturing process.
Further research needs to assess the optimum dimensions by
reducing the heat exchanger components’ thickness so the
overdesign can be reduced and obtaining the expected heat
transfer effectiveness and pressure drop values.

1. The effectiveness of heat exchangers in exchanging
heat is influenced by tube dimensions changing. With the
increasing thickness of the tube used, the heat exchanger
effectiveness in exchanging heat will decrease, and vice
versa. The average decreasing percentage of heat trans-
fer effectiveness is 0.37 % per 0.1 mm of increasing tube
thickness.

2. Changes in the dimensions of the tube also influence
the pressure drop on the heat exchanger. The effect result-
ing from the change in sizes is the increasing pressure drop
generated and the increase in tube thickness. The rising
average percentage of pressure drop is 4.26 % per 0.1 mm of
increasing tube thickness.

3. Changes in tube thickness also affect the stress that
occurs on each component of the heat exchanger. This
change will affect the maximum and average stresses. The
maximum stresses and the average stresses that occur have
a fluctuating trend. The maximum stress on each heat
exchanger component with variations in tube thickness
(0.5 mm to 1.5 mm) is still safe because the maximum stress
is still below the yield stress. On the other hand, the average
stress on the heat exchanger components is relatively far
below the yield stress, or it can be called overdesign. The
average decreasing percentage of overdesign is 3.64 % per
0.1 mm of increasing tube thickness.

4. The tube thickness variations affect the heat transfer
effectiveness, pressure drop, and overdesign of the tube. The
value of these can be used to indicate the heat transfer effec-
tiveness of the heat exchanger. The heat exchanger, which
needs to increase 0.37 % of transfer effectiveness, the dimen-
sion of tube thickness, has to decrease 0.1 mm.
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