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Thermal Analysis of the Effects of Multifaceted
Conditions on Performance of
Shell-and-Tube Heat Exchanger
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Abstract — A shell-and-tube heat exchanger which was
subjected to different flow configurations, viz. counter flow,
and parallel flow, was investigated. Each of the flow
configurations was operated under two different conditions of
the shell, that is, an uninsulated shell and a shell insulated with
fiber glass. The hot water inlet temperature of the tube was
reduced gradually from 60 oC to 40 oC, and performance
evaluation of the heat exchanger was carried out. It was found
that for the uninsulated shell, the heat transfer effectiveness for
hot water inlet temperature of 60, 55, 50, 45, and 40 oC are
0.243, 0.244, 0.240, 0.240, and 0.247, respectively, for the
parallel flow arrangement. For the counter flow arrangement,
the heat transfer effectiveness for the uninsulated shell are
2.40, 2.74, 5.00, 4.17, and 2.70%, respectively, higher than
those for the parallel flow. The heat exchanger’s heat transfer
effectiveness with fiber-glass-insulated shell for the parallel
flow condition with tube hot water inlet temperatures of 60, 55,
50, 45, and 40 oC are 0.223, 0.226, 0.220, 0.225, and 0.227,
respectively, whereas the counter flow condition has its heat
transfer effectiveness increased by 1.28, 1.47, 1.82, 1.11, and
1.18%, respectively, over those of the parallel flow.
Index Terms — Flow Configuration, Insulated Shell,
Temperature, Heat Transfer Effectiveness, Heat Exchanger.

I. INTRODUCTION
A system whose purpose is to transfer heat energy from
one fluid (liquid and/or gas) to another fluid of different
currents at different temperature by means of varieties of
utilities, resulting in heating or cooling of the processed
current is known as a heat exchanger [1], [2]. It is used in
various fields, for example thermal power plants, process
industry, petroleum refining, chemical engineering, recovery
of excess heat, food industry, air conditioning engineering,
and transportation facilities [1], [3], [4]. The various heat
exchangers that exist are the compact, shell-and-tube,
counter, parallel and cross flow configurations. Among
these, shell-and-tube heat exchanger is mostly used. This is
because it has many advantages, among which are wide
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applicability, easy replacement of parts, reliable structure,
easy cleaning methods, and comparatively small ratio of
volume and weight to heat transfer area [1], [3].
The shell-and-tube heat exchanger, shown in Fig. 1,
comprises a bundle of hollow tubes installed in a shell such
that the axes of the tubes and the shell are parallel. Fluids at
different temperatures flow inside and outside the tube, and,
consequently, results in transfer of heat. The forced fluid,
which are in the shell-side, flow across the shell by means of
baffles attached to the shell. The baffles cause the heat
transfer enhancement, and, also, sustain unvarying spacing
between tubes [5], [6].
Before now, some works have been done by many
researchers on shell-and-tube heat exchanger. The impacts
of inclination angles of baffle on flow characteristics of
fluid in a shell-and-tube heat exchanger were numerically
investigated by Thundil-Karuppa-Raj and Ganne [7].
Results of the investigation indicated that the heat exchanger
having a baffle inclination angle of 20° performed better
when compared with those of 0° and 10°.
In an attempt make a provision for the need of industries,
a new shell-and-tube heat exchanger for cooling oil was
proposed by Yang et al. [6]. The analyses of the results of
their investigations were carried out for both the shell-side
and tube-side. Overall, the heat exchanger’s tube-side
demonstrated a very good performance. Furthermore, it was
revealed that the tube-side performed slightly higher,
compared to the shell-side.
Petinrin and Dare [8] did a performance analysis on
different shell-and-tube heat exchangers having diverse
shapes of its tube, viz. triangular (STHE_T), rotated
triangular (STHE_RT), and the combined (STHE_C)
shapes. The results obtained indicated that major part of the
heat transfer and pressure drop occurred when there was
cross flow between the fluid in the shell and that in the tube.
Moreover, the results indicated that the STHE_T was the
most desirable, as its heat transfer coefficient was the
highest of all the cases considered.
Shahmohammadi and Beiki [9] applied water and, later on,
a mixture of water and γ-Al2O3 on a shell-and-tube heat
exchanger. Performance was the basis of the investigation
on the heat exchanger in each case. The investigation
showed that the performance of the heat exchanger that has
the mixture of water and γ-Al2O3 was better than the one
with only water.
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Fig. 1. Shell-and-tube heat exchanger (Cengel [5], p. 670).

Yehia et al. [10] used six swirl vanes positioned at diverse
positions along the length of the pipe of a heat exchanger of
the shell-and-tube model; to augment its heat transfer. The
effect of these swirl vanes on the frictional characteristics of
the heat exchanger was also discussed. The approach used
was a simulation of the heat exchanger by means of ANSYS
Fluent. Pipes with variable diameter (10 mm, 15 mm, and
19 mm) and vanes with different blade angle (15°, 30°, and
45°) were used for each case. The results showed that the
swirl vanes having diameter of 19 mm and blade angle of
45° gave the maximum performance, compared with the
case of plain tubes.
Dizaji et al. [11] employed a shell and tube marked with
ridges, in lieu of a smooth shell and tube, to study
experimentally exergetic parameters of a shell-and-tube heat
exchanger. Findings obtained confirmed that corrugation
caused the exergy to decrease and the number of transfer
units (NTU) to increase.
The transfer of heat and generation rate of entropy in
shell-and-tube heat exchangers under forced convection
were numerically and experimentally studied by Alimoradi
and Veysi [12]. The values of dimensionless geometrical
parameters that maximized the transfer of heat and
minimized the rate of entropy generation were obtained.
Abd and Naji [13] illustrated thermal and mechanical
design for a heat exchanger of the shell-and-tube type. A
redesign was effected to improve the design by reselecting
different parameters which can increase heat transfer
through the heat exchanger. Also, a new correlation that
predicts Nusselt number for tube side was proposed.
Compared with simulation data, the new correlation reduced
the error from 15.25% to 12.64%. The proposed correlation
and Kern's correlation were compared against experimental
data to show that the proposed correlation was quite
accurate.
In order to surmount the susceptibility to vibration of a
heat exchanger with a round rod shell and tube (RRBSTHX), a heat exchanger type with a hexagon clamping
anti-vibration shell and tube (HCB-STHX) was developed
by Yu et al. [14]. The thermo-hydraulic characteristics of
their shell sides were studied numerically, and the fluid
velocity effects, as well as the geometry of baffle, on their
performance were investigated. It was known, through the
results of the investigation, that HCB-STHX, being higher
DOI: http://dx.doi.org/10.24018/ejers.2021.6.1.2325

in rigidity than RRB-STHX, would be more appropriate in
applications that require tube bundle of large size and heavy
weight.
Du et al. [15] used HITEC salt (an eutectic mixture of
water-soluble, inorganic salts of potassium nitrate, sodium
nitrite, and sodium nitrate) and oil to experimentally study
heat transfer characteristics on a shell-and-tube heat
exchanger’s bundle. The empirical equation of heat transfer
of molten salt was applied on the shell-and-tube heat
exchanger’s shell side. The empirical equation was in
agreement with the experimental data with a deviation of
8%. Simulation of the experimental study was carried out,
and the experimental data was compared with the simulated
data. There was a deviation of 11% between the
experimental data and the simulated data.
The performance of paraffin was evaluated in a novel
heat exchanger of a shell-and-tube type, with multi-tube
passes and longitudinal fins, by Khan and Khan [16]. The
multi-tube passes and longitudinal fins served as the storage
unit for latent heat for the heat exchanger. Assessments of
the heat exchanger performance showed that when the
temperature gradient increased from 52 °C to 62 °C between
the paraffin and inlet water, the charging power were
increased by 75.53%. Not only that, an increase in
temperature gradient yielded an improvement in the
coefficient of heat transfer and heat transfer effectiveness.
Also, it was observed that an increase in the rate of the
paraffin’s volume flow resulted in reduction in the
coefficient of heat transfer and heat transfer effectiveness.
Yang et al. [17] conducted investigations on
characteristics of heat transfer of propane in the shell side of
vertical and horizontal helically baffled shell-and-tube heat
exchangers (HBHXs). The patterns of flow and the
coefficients of heat transfer in the shell side of the HBHXs
were obtained. The findings showed that the pattern of the
variation of propane heat transfer coefficient with the
increase of vapor quality was the same in the horizontal and
vertical HBHXs. It also showed that the coefficient of heat
transfer increased with the increase of heat flux for twophase propane in the vertical HBHX shell side, but the
coefficient of heat transfer decreased in the case of
horizontal HBHX.
With the intention of intensifying the performance of a
shell-and-tube heat exchanger, four segmental baffles of
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different configurations, namely conventional single
segmental baffle (CSSB), staggered single segmental baffle
(SSSB), flower segmental baffle (FSB), and hybrid
segmental baffle (HSB), were used by El-Said and Al-Sood
[18] on the heat exchanger, and their performances were
compared. The results indicated that SSSB, FSB, and HSB
configurations have a significant improvement on the
performance of the heat exchanger, and that the effect of
HSB configuration on the performance of the heat
exchanger was the highest of all test configurations
considered.
Khanlari et al. [19] investigated the effect on the
performance characteristics of a parallel flow in a concentric
tube heat exchanger and a counter flow in the same type of
heat exchanger using kaolin/deionized water nanofluid. It
was discovered that the nanofluid promoted the performance
of the heat exchanger. Specifically, an enhancement of 12%
and 37% were obtained for the parallel flow and counter
flow processes in the concentric tube heat exchanger,
respectively.
Yu et al. [20] worked on a compound heat exchanger that
has a clamping plate baffle with a longitudinal vortex
generator (LVG) incorporated into its shell-and-tube. The
heat exchanger’s thermal performances with different
configurations of LVG were compared. It was inferred from
the results that the Nusselt number and friction factor of the
compound shell-and-tube heat exchanger increased with the
increase in the angle of attack and height of the longitudinal
vortex generator.
By integration of the energy obtained from liquid natural
gas fueled-ship with an organic Rankine cycle system, and
the design of a shell-and-tube heat exchanger in the system,
Lim and Choi [21] demonstrated that efficiency of the
organic Rankine cycle system can be improved. Five
different working fluids (R123, R227ea, R134a, R152a, and
R245fa) were applied for analysis of the performance of the
cycle. The results of the analysis showed that the R227ea
and R123 had the lowest thermal efficiency of 15–21% and
highest thermal efficiency of 17–23%.
It can be observed from the previous works mentioned
above that attempt has not been made to investigate the
shell-and-tube heat exchanger performance in which the
fluid inlet temperature of the tube of the heat exchanger is
varied, while the fluid inlet temperature of its shell is not
varied. Therefore, this work studies the performance of a
shell-and-tube heat exchanger with water as its working
fluid, operating under different temperature of hot water
inlet temperature in the tube, different configurations of
flow (parallel flow and counter flow arrangements), and two
different conditions of the shell, namely uninsulated shell
and shell insulated with fiber glass.

the heat exchanger, as written in (1):
𝑞 = 𝑚ℎ 𝐶𝑝_ℎ (𝜃ℎ_𝑖 − 𝜃ℎ_𝑜 ) = 𝑚𝑐 𝐶𝑝_𝑐 (𝜃𝑐_𝑜 − 𝜃𝑐_𝑖 )

(1)

where 𝑞 denotes the heat transfer; 𝑚ℎ and 𝑚𝑐 represents
mass flow rate of the hot fluid and cold fluid, respectively;
𝐶𝑝_ℎ and 𝐶𝑝_𝑐 are the specific heat capacity of the hot fluid
and cold fluid, respectively; 𝜃ℎ_𝑖 and 𝜃ℎ_𝑜 are the hot fluid’s
inlet temperature and outlet temperature, respectively; 𝜃𝑐_𝑖
and 𝜃𝑐_𝑜 are the cold fluid’s inlet temperature and outlet
temperature, respectively.
The heat exchanger’s area is denoted as A in (2) [1]:
𝑁𝑡 =

𝐴
𝜋 × 𝐷𝑡_𝑜 × 𝐿

(2)

That is,
𝐴 = 𝑁𝑡 × 𝜋 × 𝐷𝑡_𝑜 × 𝐿

(3)

where the number of tube is denoted as 𝑁𝑡 , 𝐷𝑡_𝑜 is the
outside diameter of the tube, and L stands for the heat
exchanger’s length.
For the present design, the values of the parameters in (3)
above are 𝑁𝑡 = 8, 𝐷𝑡_𝑜 = 0.024m, and 𝐿 = 1.00m. That is,
the area of the heat exchanger is
𝐴 = 8 × π × 0.024m × 1.00m = 0.603 m2
Arising from the calculations above, the following
parameters were selected for the shell-and-tube heat
exchanger [3]:
Inside diameter of the tube (𝐷𝑡_𝑖 ) = 0.021 m
Outside diameter of the shell (𝐷𝑠_𝑜 ) = 0.140 m
Inside diameter of the shell (𝐷𝑠_𝑖 ) = 0.134 m
B. Production of the Shell-and-Tube Heat Exchanger
The basic processes involved in the production of the heat
exchanger are marking-out, drilling, cutting, and welding.
The shell was made by marking, cutting, and rolling a metal
plate made of carbon steel to a cylindrical shape, and
welding the longitudinal joint. The tubes, which are circular
in shape and made of copper pipe, were welded to the shell.
It should be noted that the materials used for the tubes and
the shell are corrosion-resistant. The standing frame, on
which the heat exchanger is mounted, was fabricated by
cutting and welding angle iron made of carbon steel. The
heat exchanger is presented in Fig. 2.

II. METHODOLOGY
The procedures involved in the present work are shelland-tube heat exchanger design, shell-and-tube heat
exchanger fabrication, conduct of the experiments, and
collection of data. They are presented in details below.
A. Shell-and-Tube Heat Exchanger Design
The energy balance equation was applied in the design of
DOI: http://dx.doi.org/10.24018/ejers.2021.6.1.2325

Fig. 2. The shell-and-tube heat exchanger assembly.
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𝑞 = 𝐶ℎ (𝜃ℎ_𝑖 − 𝜃ℎ_𝑜 ) = 𝐶𝑐 (𝜃𝑐_𝑜 − 𝜃𝑐_𝑖 )

(4)

III. RESULTS AND ANALYSIS
The results and their discussions, which are presented in
this section, examine the effects of the different
configurations of flow and different conditions of the outer
surface of the shell of the shell-and-tube heat exchanger on
the performance of the heat exchanger. The results and
analysis presented in this work are based on the tube hot
water inlet temperature (60, 55, 50, 45, and 40 oC), the shell
cold water inlet temperature (25 oC), and the insulation
(fiber glass) considered.
Fig. 3 shows that response of the heat exchanger
effectiveness to the different flow configurations for the
case of an uninsulated shell. As it can be seen in the figure,
the heat transfer effectiveness of heat exchanger for the
counter flow configuration is greater than that for the
parallel flow configuration that was operated under the same
conditions. The increase in the heat transfer effectiveness
for the counter flow over the parallel flow can be attributed
to an improved turbulence of convective air in the counter
flow. In the counter flow setup, the directions of the fluid in
the tube and the shell were in opposite direction. This
caused an increase in the turbulence of air convection in the
tube’s outer surface and the shell’s outer surface, and,
consequently, enhanced the heat transfer effectiveness of the
heat exchanger for the counter flow configuration. For
example, when the tube hot water inlet temperature was 60
o
C, the heat transfer effectiveness for the parallel flow and
counter flow are 0.2431 and 0.2489, respectively, translating
to an increase of 2.40% for the counter flow over the
parallel flow. For the tube hot water inlet temperature at 55,
50, 45, and 40 oC, the increase in the heat transfer
effectiveness for the counter flow over the parallel flow are
2.74%, 5.00%, 4.17%, and 2.70%, respectively.

where 𝐶ℎ = 𝑚ℎ 𝐶𝑝_ℎ and 𝐶𝑐 = 𝑚𝑐 𝐶𝑝_𝑐 are the heat capacity
rates of the hot and the cold fluids, respectively.
The maximum heat transfer (𝑞𝑚𝑎𝑥 ) is

0,500
0,433

𝑞𝑚𝑎𝑥 = 𝐶𝑚𝑖𝑛 (𝜃ℎ_𝑖 − 𝜃𝑐_𝑖 )

(5)

Parallel
flow

where 𝐶𝑚𝑖𝑛 , as provided by Cengel [5], is the lower in value
of 𝑚ℎ 𝐶𝑝_ℎ and 𝑚𝑐 𝐶𝑝_𝑐 .
The heat transfer effectiveness (ψ) is expressed as the
ratio of the real heat transfer to the maximum obtainable
heat transfer [1], [3]. That is,

Counter
flow

0,367
0,300
0,233
0,167

𝜓=

𝑞
𝑞𝑚𝑎𝑥

Real 𝑟𝑎𝑡𝑒 of heat transfer
=
Maximum obtainable rate of heat transfer

(6)

=

𝑞
𝑞𝑚𝑎𝑥

=

45

50

55

60

Tube hot water inlet temperature, θh_i (oC)
Fig. 3. Heat exchanger effectiveness for different flow configurations for
the uninsulated shell

Mathematically,

𝜓=

0,100
40

𝑚ℎ 𝐶𝑝ℎ (𝜃ℎ𝑖 − 𝜃ℎ𝑜 )

𝐶𝑚𝑖𝑛 (𝜃ℎ𝑖 − 𝜃𝑐𝑖 )
𝑚𝑐 𝐶𝑝_𝑐 (𝜃𝑐_𝑜 − 𝜃𝑐_𝑖 )

(7)

𝐶𝑚𝑖𝑛 (𝜃ℎ_𝑖 − 𝜃𝑐_𝑖 )

The data collected for the four different cases are
presented below in TABLE I to TABLE IV.
DOI: http://dx.doi.org/10.24018/ejers.2021.6.1.2325
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Heat exchanger effectiveness, ψ

C. Conduct of the Experiments and Data Acquisition
The experiments were executed with the shell-and-tube
heat exchanger for parallel and counter flow configurations.
In the counter flow arrangement, the hot fluid in the tube
and the cold fluid in the shell moved in opposite direction,
but in parallel flow, they moved in the same direction. For
each of the two flow configurations, two different cases of
the shell were considered, viz. the case with an uninsulated
outer surface shell, and the case with a fiber glass outer
surface shell insulation.
The experiments started with parallel flow for the case of
uninsulated shell during which hot water at a temperature of
60 oC and a mass flow rate of 0.3 kg/s was passed to the
inlet of the tube. Cold water at a temperature of 25 oC and a
mass flow rate of 0.3 kg/s was passed to the inlet of the
shell. The temperature at the inlet and outlet of the tube and
the shell were measured with thermocouples, and the
readings were recorded. After that, the cold water to the
inlet of the shell was maintained at 25 oC, the inlet
temperature of the hot water was reduced to 55, 50, 45 and
40 oC in succession, and temperatures at the inlet and outlet
of the tube and that of the shell were measured with
thermocouples, and the readings were recorded.
The experiments were repeated for the other cases, that is
counter flow configuration with an uninsulated shell,
parallel flow configuration with an insulated shell, and
counter flow configuration with an insulated shell.
The real heat transfer (q) in the heat exchanger is
mathematically expressed by the energy balance equation
[5], presented in (1) above, from which
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TABLE I: EXPERIMENTAL DATA FOR PARALLEL FLOW CONFIGURATION FOR THE CASE OF THE UNINSULATED SHELL
Inlet temp.
of tube hot water
(θh_i), oC
60.0
55.0
50.0
45.0
40.0

Outlet
temp. of
tube hot
water (θh_o),
o
C
51.5
47.7
44.0
40.2
36.3

Inlet temp.
of Shell’s
cold water
(θc_i), oC
25.0
25.0
25.0
25.0
25.0

Outlet
temp. of
Shell’s cold
water (θc_o),
o
C
42.0
39.0
36.0
32.0
30.0

Hot water
specific heat
capacity (CP_h),
kJ.kg-1.K-1 [22]

Cold water
specific heat
capacity (CP_c ),
kJ.kg-1.K-1 [22]

4.1850
4.1830
4.1810
4.1795
4.1785

4.1800
4.1800
4.1800
4.1800
4.1800

Hot water
Heat
capacity rate
(mh.CP_h),
kJ.K-1.s-1
1.2555
1.2549
1.2543
1.2539
1.2536

Cold water
Heat capacity
rate (mc.CP_c),
kJ.K-1.s-1

Effectiveness
of heat
exchanger (ψ)

1.2540
1.2540
1.2540
1.2540
1.2540

0.2431
0.2435
0.2401
0.2400
0.2466

TABLE II: EXPERIMENTAL DATA FOR COUNTER FLOW CONFIGURATION FOR THE CASE OF THE UNINSULATED SHELL
Inlet temp.
of tube hot water
(θh_i), oC
60
55
50
45
40

Outlet
temp. of
tube hot
water (θh_o),
o
C
51.3
47.5
43.7
40.0
36.2

Inlet temp.
of Shell’s
cold water
(θc_i), oC
25
25
25
25
25

Outlet
temp. of
Shell’s cold
water (θc_o),
o
C
42.0
39.0
36.0
32.0
30.0

Hot water
specific heat
capacity (CP_h),
kJ.kg-1.K-1 [22]

Cold water
specific heat
capacity (CP_c ),
kJ.kg-1.K-1 [22]

Hot water Heat
capacity rate
(mh.CP_h),
kJ.K-1.s-1

Cold water
Heat capacity
rate (mc.CP_c),
kJ.K-1.s-1

Effectiveness
of heat
exchanger
(ψ)

4.1850
4.1830
4.1810
4.1795
4.1785

4.1800
4.1800
4.1800
4.1800
4.1800

1.2555
1.2549
1.2543
1.2539
1.2536

1.2540
1.2540
1.2540
1.2540
1.2540

0.2489
0.2502
0.2521
0.2500
0.2532

TABLE III: EXPERIMENTAL DATA FOR PARALLEL FLOW CONFIGURATION FOR THE CASE OF THE SHELL INSULATED WITH FIBER GLASS

of tube hot water
(θh_i), oC

Outlet temp.
of tube hot
water (θh_o),
o
C

Inlet temp.
of Shell’s
cold water
(θc_i), oC

60
55
50
45
40

52.2
48.0
44.5
40.5
36.5

25
25
25
25
25

Inlet temp.

Outlet
temp. of
Shell’s cold
water (θc_o),
o
C
44.2
41.0
37.0
33.8
31.9

Hot water
specific heat
capacity (CP_h),
kJ.kg-1.K-1 [22]

Cold water
specific heat
capacity (CP_c ),
kJ.kg-1.K-1 [22]

Hot water
Heat capacity
rate (mh.CP_h),
kJ.K-1.s-1

Cold water
Heat capacity
rate (mc.CP_c),
kJ.K-1.s-1

Effectiveness
of heat
exchanger
(ψ)

4.1850
4.1830
4.1810
4.1795
4.1785

4.1800
4.1800
4.1800
4.1800
4.1800

1.2555
1.2549
1.2543
1.2539
1.2536

1.2540
1.2540
1.2540
1.2540
1.2540

0.2231
0.2268
0.2201
0.2250
0.2266

TABLE IV: EXPERIMENTAL DATA FOR COUNTER FLOW CONFIGURATION FOR THE CASE OF THE SHELL INSULATED WITH FIBER GLASS

of tube hot water
(θh_i), oC
60
55
50
45
40

Outlet
temp. of
tube hot
water.
(θh_o), oC
52.1
47.9
44.4
40.5
36.5

Inlet temp.
of Shell’s
cold water
(θc_i), oC

Outlet temp.
of Shell’s
cold water
(θc_o), oC

Hot water
specific heat
capacity (CP_h),
kJ.kg-1.K-1 [22]

Cold water
specific heat
capacity (CP_c ),
kJ.kg-1.K-1 [22]

Hot water Heat
capacity rate
(mh.CP_h),
kJ.K-1.s-1

Cold water
Heat capacity
rate (mc.CP_c),
kJ.K-1.s-1

Effectiveness
of heat
exchanger
(ψ)

25
25
25
25
25

46.4
43.0
38.0
35.6
33.8

4.1850
4.1830
4.1810
4.1795
4.1785

4.1800
4.1800
4.1800
4.1800
4.1800

1.2555
1.2549
1.2543
1.2539
1.2536

1.2540
1.2540
1.2540
1.2540
1.2540

0.2260
0.2302
0.2241
0.2275
0.2293

The effects of insulating the outer surface of the shell
with fiber glass for the two flow arrangements are
graphically depicted in Fig. 4. As with the case of the
uninsulated shell discussed above, the heat transfer
effectiveness for the counter flow is greater compared to
that of the parallel flow operating in similar conditions.
Specifically, the effectiveness of heat transfer of the shelland-tube heat exchanger with fiber-glass-insulated shell for
the parallel flow configuration when the tube hot water inlet
temperature were 60, 55, 50, 45, and 40 oC are 0.2231,
0.2268, 0.2201, 0.2250, and 0.2266, respectively. It is
confirmed in Fig. 4 that the counter flow configuration
operating under the same conditions has its corresponding
heat transfer effectiveness increased by 1.28%, 1.47%,
1.82%, 1.11%, and 1.18%, respectively, over that of the
parallel flow arrangement.

DOI: http://dx.doi.org/10.24018/ejers.2021.6.1.2325
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Parallel
flow

Heat exchanger effectiveness, ψ

Inlet temp.

Counter
flow

0,275
0,250
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Tube hot water inlet temperature, θh_i (oC)
Fig. 4. Heat exchanger effectiveness for different flow configurations for
the shell insulated with fiber glass.
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Moreover, the effectiveness of the heat exchanger, as it is
affected by parallel flow arrangement and insulation of the
shell is represented by Fig. 5. It is evident in the figure that
when the tube hot water inlet temperature were 60, 55, 50,
45, and 40 oC, the heat exchanger with an uninsulated shell
has heat transfer effectiveness of 0.2431, 0.2435, 0.2401,
0.2400 and 0.2466. For the fiber- glass-insulated shell, the
corresponding heat transfer effectiveness are 0.2231,
0.2268, 0.2201, 0.2250, and 0.2266, respectively. This
means that for the parallel flow mode, the effectiveness of
heat transfer of the heat exchanger whose shell was
insulated decreases by approximately 8%, compared with
that of the heat exchanger with an uninsulated shell.
Fig. 6 illustrates the effects which the shell insulation for
the case of counter flow mode has on the heat transfer
effectiveness of the shell-and-tube heat exchanger. It can be
observed that the heat transfer effectiveness of the heat
exchanger with the shell insulated with fiber glass are
0.2260, 0.2302, 0.2241, 0.2275, and 0.2293 at the tube hot
water inlet temperature of 60, 55, 50, 45, and 40 oC,
respectively. Furthermore, it can be deduced from the figure
that the heat transfer effectiveness of the heat exchanger for
the counter flow mode with an uninsulated shell increases
by approximately 10% over that of the heat exchanger with
an insulated shell. By interpretation, the effectiveness for the
case of an uninsulated shell are 0.2489, 0.2502, 0.2521,
0.2500, and 0.2532 at the tube hot water inlet temperature of
60, 55, 50, 45, and 40 oC, respectively.
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0,300
0,233
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Heat exchanger effectiveness, ψ

0,500

0,100
40
45
50
55
60
Tube hot water inlet temperature for parallel flow, θh_i
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Fig. 5. Heat exchanger effectiveness for parallel flow configuration for the
uninsulated shell and the fiber-glass-insulated shell.
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Heat exchanger effectiveness, ψ

0,500

IV. CONCLUSIONS
The following conclusions are obtained from this study:
A shell-and-tube heat exchanger was designed, fabricated,
and subjected to multifaceted conditions, namely different
temperatures of tube inlet hot water (60, 55, 50, 45, and
40 oC), parallel flow configuration, cross flow configuration,
uninsulated shell, and fiber-glass-insulated shell.
Investigations were conducted on the performance of the
heat exchanger under the multifaceted conditions.
For the different tube inlet hot water temperatures to
which the shell-and-tube heat exchanger with an uninsulated
shell was subjected, the heat transfer effectiveness for the
counter flow configuration is greater than that for the
parallel flow configuration.
For the different tube inlet hot water temperatures to
which the fiber-glass-insulated shell-and-tube heat
exchanger was subjected, the heat transfer effectiveness for
the counter flow configuration is greater than that for the
parallel flow configuration.
The effectiveness of heat transfer of the shell-and-tube
heat exchanger for the parallel flow and counter flow
configurations for the uninsulated shell is greater than that
for the fiber-glass-insulated shell operated under the same
conditions of tube inlet hot water temperatures.
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