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ABSTRACT: Today, with the development of technology, heat transfer, reducing the time of heat
transfer, reducing the size of heat exchangers, and increasing the efficiency are considered. Heat
exchangers have many applications in the industry. Therefore, increasing the efficiency of heat
exchangers will increase the overall efficiency of a system and optimize energy consumption
by a system. In the present study, the main goal is the study the effects of the gradual changes in the inner
tube geometrical configuration on the thermal performance of the double-pipe heat exchanger
on the thermal performance using Computational Fluid Dynamics (CFD) methods based on the finite
volume method. For validation, the results are compared with the valid results previously presented
in the published papers, and there is a very good agreement between them. In addition to the basic
model, six different geometrical designs are used for the inner tube, in the form of a flat tube and
a nozzle-like tube. After the numerical simulation, the increase in heat transfer and the Nusselt number
of flow, pressure drop, thermal efficiency, and the performance index were calculated for each model
and compared with the base model and other models. The results show that the nozzle-like inner tube
model has a lower performance than the base model. The model with a flat inner tube, and especially
case 4 (The case with the flat inner tube with the aspect ratio of 0.3), has a very impressive
performance compared to the base case at Reynolds numbers below 6000. But at higher Reynolds
numbers, the basic model will have better overall conditions.
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INTRODUCTION

Heat exchangers have many applications. These refrigeration systems, and space applications. Heat
applications include power plants, refineries, petrochemical exchangers are widely used in various devices such as boilers,
industries, manufacturing industries, food and pharmaceutical condensers, evaporators, cooling towers, preheaters, fan coils,
industries, metal smelting industries, heating, air conditioning, oil coolers and heaters, radiators, furnaces, etc.
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For this reason, the design of heat exchangers is very
important[1]. The high efficiency of heat exchangers
significantly contributes to overall energy and cost savings.
Therefore, improving the performance of double-pipe heat
exchangers is very important [2].

Liao and Xin [3], used the perforated tape twisted
inside the circular tube to improve the heat transfer from
the tube wall. Chen et al.[4] used indentations on the inner
tube to improve heat transfer. Eiamsa et al. [5] continued
the work of Liao and Xin and used the perforated tape
twisted inside the circular tube to improve the heat transfer
from the tube wall. They used different arrangements for
twisted perforated tape. Nagarani et al.[6] used circular and
elliptical annular fins to improve heat transfer in a double-
pipe exchanger and observed that the performance of
elliptical fins is better than circular fins and the efficiency of
the fin is higher in elliptical mode. Igbal et al.[7]
investigated the optimal shape of parabolic, triangular and
trapezoidal vanes using finite element numerical method
and genetic algorithm and concluded that none of the vanes
alone can be used in all modes and conditions be optimal.
Khanan et al. [8] studied heat transfer in a two-tube
exchanger with annular fins. Finally, the performance of
annular vanes was evaluated better than others. Zhang et
al.[9] experimentally studied the heat transfer in a two-tube
heat exchanger using spiral fins and measured the velocities
using the LDA method. Bhuiya et al. [10] continued the
work of Liao and Eiamsa et al. Totala et al.[11] conducted
experiments on a two-tube heat exchanger with threads
inside the inner tube and observed a significant increase in
heat transfer and Nusselt number compared to the condition
without threads. But the required pumping power also
increased compared to the case without thread. Karanth et
al. [12] performed a numerical and experimental study of
heat transfer in a double-tube heat exchanger and the effect
of fins created on the outer wall of the inner tube of different
geometric shapes, including rectangular, triangular and
parabolic, on heat transfer in the heat exchanger. They did
the results show that the performance of rectangular vanes
is better compared to other vanes. Ahmadi et al. [13]
investigated the effect of the thermos- exergitic behaviour
of a corrugated heat exchanger with a two-phase flow. They
observed a maximum increment of %32 was observed
at Exergy destruction.

In this research, the thermal performance of double-
tube exchangers is investigated and studied by changing
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the internal geometry to a flat tube and a nozzle-like tube,
using numerical methods that are relatively low-cost
methods. The innovation in this study is to investigate the
thermal performance of the double-tube heat exchanger for
different dimensions of the inner flat tube and inner nozzle
tube. The heat transfer coefficient, pressure drop, Nusselt
number, performance index and thermal efficiency will be
calculated for each case and compared to other cases.

THEORETICAL SECTION
Problem statement

For the present study, the geometries of the double-
tube heat exchanger in 7 different modes have been
considered. For cases, 1to 4, (case 1 is the same as the base
case) the areas and dimensions of the internal and external
pipes are constant throughout the converter and there is
no difference between the inlet and outlet. The geometry
of the inlet for different modes from 1 to 4 (modes 2 to 4
are with a flat inner tube) is compared with the details
in Fig.1. The length of the converter is 500 mm in all modes.

for different states of the aspect ratio (Ar) which
is calculated by the following relationship, where W is
the width of the inlet section of the internal flat pipe and B
is the length of the inlet section.

w
T =
W+B

For cases 5 to 7, a nozzle-like geometry is used for the
inner pipe, but the diameter of the outer pipe is fixed, and
the area of the inlet and outlet of the pipes has been changed.
Fig. 2 and Table 1 show the geometrical specifications
for cases with a nozzle-like inner tube.

In all cases, the heat exchanger is a heat exchanger with
the counter flow, which is shown in Fig. 3 for the entry and
exit directions of cold and hot fluid.

Governing equations

The flow studied in this research is as Table,
incompressible flow and the change in fluid properties
due to temperature change is ignored. Therefore, the
equations governing the Table 2.

Definition of performance indicators

In the heat exchanger, several hydrodynamic and
thermal index parameters determine the performance
of a heat exchanger as shown in Table 3 [14, 15].
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Table 1: Geometric specifications of inlet and outlet diameters
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/ Case L (Length) Dh.o Dy,

Case 5 500mm 20mm 25mm

Case 6 500mm 16mm 25mm

Case7 500mm 12mm 25mm
o )
4 N\

Case3(Ar=0.44) Case 4 (Ar=0.3)
Fig. 1: Different cases with flat inner tube with the base model

4 I

el

=

=
- /

Fig. 2: The side view of cases 5to 7
4 Cold Fluid )
—
Hot Fluid
Cold Fluid
- /
Fig. 3: the entry and exit directions of cold and hot fluid
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Table 2: Governing equations

é Continuity V-Vv=0

1) V: fluid velocity N

p: density, P: pressure,
u: dynamic viscosity,

Momentum |V - (pVV) = =VP + V- ((u + u)VV) + V- (=pV'V") @ pe: turbulence viscosity
V': velocity fluctuations.
T : temperature
_ Cp : heat capacity
Energy pCY VT = - (keysVT) ©) kess: effective conductivity
coefficient
n
. —-7. K _ _ C, = max (0.43,—)
V- (pVk) =V ((u + ”k) l7k> + Gy + G, —pe — Yy o) / —
k
n=S-
Realizable k-e £
2 S= [25..S..
V-(pVe) =7 - ((u + Z—:) Vs) +PCSe = pCy o+ Cre CscGy ©) J25uSy
1/0u; oy
Si=5\32 %3
\_ 2\0x; X; J
Table 3: Definition of performance indicators
/The heat is transferred from the hot fluid in the inner tube and the cold Qn = My Cpn(Tin = Touedn ©) )
fluid in the outer tube Qe = 1 Cpe (T = Toue)e @
+
Mean heat transfer Q= (Qh 5 Q”) ®)
. . . _(9 ©)
The ratio between actual and maximum achievable heat transfer rates V= Q 0
max
represents the effectiveness .
P Q(mcp)(Th,in - Tc,aut)mmmax (10)
- Q
U=—7r— (1)
AL'ATLMTD
AT, — AT,
Overall convective heat transfer coefficient ATy yrp = W
l =1
"\, (12)
ATl = Th,in - Tc,out VATZ = Th,aut — L¢in
P . 13)
. - . . re O'S(Th,in + Th,out) -T,
Mean convective heat transfer coefficients on the inner pipe and annulus _
—qw
h, =—
s o — 0.5(To i + T our) (14)
N _ hpipe Dh,pipe (15)
e =T
mean Nusselt numbers in the inner pipe and annulus ¢
Nui — hannuluth,annulus
annulus kc (16)
AP;
fi=1 1 (17)
EpVi,pipe thipe
Friction coefficient on the inner pipe and annulus side AP ’
fo= 1 2
1 L 18
2pVi,armulus Dh,annulus ( )
The ratio of overall heat transfer rate to total pressure drop: heat exchanger 0 (19)
performance index. n= 2P
Also, the total pressure drop is the summation of the pressure drop in the AP = AP“’:_ AP
inner tube plus the pressure drop in the outer tube. tot ! °
V:Dp)pi
Repipe — (p Lﬂh)plpe (20)
Reynolds numbers on the inner pipe side and annulus side "
Re — (pViDh)annulus (21)
\ annulus /"'c /
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Fig. 4: Flowchart of the solution procedure

Boundary conditions and solution method

The hot fluid in this study is water entering the inner
tube at a temperature of 60 °C (333 K) at an inlet velocity
calculated by the following equation and varying
for different Reynolds numbers. Turbulence intensity
and hydraulic diameter for fluid turbulence calculations
were calculated using the following equation [16]:

Rex
Vipipe = (—#) wv=w=0
’ PDn /e (22)

T =333K,] = 16 Re™0125

In the outer tube, the cold fluid enters the outer tube
with a constant mass flow rate of 0.1 kg/s for all modes
and with a temperature of 20 degrees Celsius (293 K)
against the direction of the hot fluid flow. The fluid
velocity is calculated as follows:

me
Vi,annulus = E'v =w=0 (23)

T =293K,] = 16 Re™ %125

At the outlet of the pipes, the boundary condition
of the outlet pressure is equal to the atmospheric pressure used.
For cases where the outlet diameter is equal to the inlet
diameter, the same turbulence intensity and hydraulic
diameter are used. For the wall boundary condition, a no-slip
condition is considered for the fluid in contact with all
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Fig. 5: Validation of the model for the average Nusselt number
(a) and the friction coefficient (b) in the inner tube wall

the walls of the exchanger. The thermal insulation
boundary condition (zero heat flux) is used on the outer
wall of the outer tube. The pressure drop in a tube can be
indicated by [17]:

L pVZipipe
AP = f; ————— 24
o (24)

The numerical solution flowchart for the present study
is presented in Fig. 4.

RESULTS AND DISCUSSION

At first, the simulation results were compared with
the results published in reliable journals to validate
and check the independence of the grid for the base
case (Case 1). As seen in Fig. 5a, 5b, the validation
results for the base model (Casel) compared with
the published results of Eiamsa et al. [5]
for the Nusselt number and the results of the work
of Petukhov et al. [17] for the friction coefficient.
The results indicate that there is a very good agreement
between the simulation results of the present work and
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Fig. 6: Comparison of flow velocity distribution for different cases

the mentioned results. Therefore, the model created for
the next states and checking the geometrical effects will
be correct and reliable.

Solving the equations governing the fluid field has
been done using the finite volume method [17, 18].
SIMPLE algorithm [18] is used for velocity and
pressure coupling. The displacement term of the
equations of momentum, energy, turbulence kinetic
energy and turbulence energy loss are discretized using
the second-order upwind method [18, 19]. The pressure
gradient term is discretized using a second-order
approximation. An 8-core computer with 8 GB of RAM
was used to solve the problem. Each mode simulated at
Reynolds numbers of 3000, 6000, 13000, 20000, 26000,
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34000 and 41000. The average time for (which includes
49 modes) the simulation of each mode at each
Reynolds number is about 8 hours [20].

To study the effect of geometric conditions on the
performance of the heat exchanger, the results of cases 1
to 7 are compared, and the results of the simulation of these
cases and their comparison with the basic model and
with each other are presented below.

Velocity distribution

Fig. 6 shows the velocity distribution for different
modes from 1 to 4 at Reynolds number 6000 for different
modes. By reducing the area and according to Eqs (22)
and (23), the velocity in the inner tube will increase.
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Fig. 7: Comparison of pressure drop for different cases

By reducing the cross-section of the inner tube,
it can be seen that the length of the inlet in the inner tube
has increased and the flow has reached the developed
state later.

In the outer pipe, it is completely the opposite, as
the cross-section of the inner pipe decreases, and as
a result, the flow rate decreases slightly with the increase
of the cross-section of the outer pipe. For this reason,
in the case of flat pipe (Cases 2 to 4), the greatest increase
in speed is related to Case 2, and a slight decrease in speed
is also observed in the external channel. But in the case
of the nozzle-like tube (Cases 5 to 7), considering that
the lowest cross-sectional area of the channel is related to
Case 7, the greatest increase in speed in the inner tube and
decrease in speed in the outer tube are also related to this
case. The development of fluid flow in this case also
happened much later than in other cases.

Pressure drop

Fig. 7 shows the pressure drop distribution for cases
1 to 7 at Reynolds 6000. For better comparison, the Figs.
are shown from the side view of the heat exchanger, where
the shape of the inner and outer tubes is visible.

The pressure drop will increase with the reduction of
the inlet cross section (Figs. 7 and 8a). In the case of the
flat inner tube, Case 2 has the highest-pressure drop and in
the case of the nozzle-like inner tube, case 7 has the
highest-pressure drop. Overall, Case 7 has the highest-
pressure drop among all cases.
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Considering that the heat exchanger has opposite flow
in all cases, the hot fluid flow is entered from the opposite
direction, in other words, the coordinate origin is at the
beginning of the external pipe inlet and the hot fluid flow
is entered from the end of the pipe (for example, in Fig. 8a).
The fluid flow in the Figure is not from the origin, but
at the end of 0.5 meters, and the end of the outlet is at the
origin of coordinates.

Fig. 8b shows the pressure drop in the outer pipe. Case
2 has the lowest pressure drop in the outer pipe for the flat
pipe condition. Due to the increase of the hydraulic
diameter and the increase of the cross-section, the amount
of pressure drop and friction in the channel will decrease.
But in cases related to the nozzle-shaped inner tube, the
pressure drop analysis is different. Since in nozzle-like
cases, the inlet dimensions are the same, but the reduction
of the inner tube diameter is faster in Case 7, so the flow is
developed later and in Case 5, this amount is less. The later
development makes the pressure drop in the nozzle-shaped
tube lower in Case 7 and higher in Case 5. However, as the
flow advances, considering that the internal channel
diameter decreases faster in Case 7, it can be seen that the
pressure drop in the last half of the channel is higher than
in the other two cases. Fig. 9 shows the overall pressure
drop in heat exchangers at different Reynolds numbers
(Reynolds numbers 3000, 6000, 13000 and 20000).
It can be seen that in all cases, the pressure drop increases
with the increase of the Reynolds number. But Case 7
shows the highest overall pressure drop.
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Fig. 8: Pressure drop in the inner tube (a) and in the external tube (b) for all cases
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Fig. 9: Total pressuredrops for all cases at different Reynolds numbers

To discuss the overall pressure drop in the case of a flat
inner tube, special attention needs to be paid to Reynolds
numbers below 6000, given that this is not evident in Fig. 9.
As indicated in eq. 24, the pressure drop is increased along
the tube and by increasing the velocity. As it is clear, Case
7 has the maximum velocity magnitude so that it
experiences the maximum pressure drop in the
longitudinal direction due to the maximum pressure drop
in the inner pipe. Therefore, Fig. 10 clearly shows the total
pressure drop for cases 1 to 4 at low Reynolds numbers.
According to Fig. 10, it can be seen that at Reynolds
numbers lower than 6000, the amount of pressure drop is
generally different. In this period, as can be seen, the
pressure drop in all cases with a flat inner tube is lower
than the base case, which is the lowest pressure drop for
Case 3. For example, the percentage of reduction in
pressure drop, in Reynolds number 3000, for modes 2 to 4
compared to mode 1 is 25.1%, 32.6% and 23.5%
respectively. But with the increase of Reynolds number to
numbers above 6000, the amount of pressure drop in cases
with flat inner tubes increases, so for example, for Case 3
at Reynolds number 13000, the increase in pressure drop
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Fig. 10: Total pressure drop for cases 1 to 4 at low Reynolds numbers

compared to Case 1 is 33.2%. The reason for this is that,
at low Reynolds numbers, the decrease in pressure drop
in the outer tube reduces the increase in total pressure drop,
but at high Reynolds numbers, the increase in pressure
in the inner tube overcomes this and the total pressure drop
increases.

Temperature distribution

Fig. 11 shows the temperature distribution in the lateral
cross-section of the heat exchanger for all cases at a
Reynolds number of 6000. The labels on each point easily
indicate the temperature of each case.

Fig.12 show the temperature distribution diagram
in the inner and outer tubes for all cases at Reynolds
number 6000. According to these Figs., it can be seen
that in flat inner tube cases, the temperature in the inner
tube at the end of the tube has dropped more than
the base state. On the contrary, the temperature in the
outer tube is higher in these cases, which indicates that
the inner tube of the bed has caused better heat transfer
from the hot fluid to the cold fluid in the outer tube.
The highest heat transfer is in Case 2.
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Fig. 11: Temperature distribution for all cases at lateral cross-section
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Fig. 12: Temperature distribution in the inner tube (a) and in the outer tube (b) at Reynolds number 6000

The cases related to the nozzle-like tube also have
a weaker performance in this matter than the basic case,
which is the lowest heat transfer rate related to Case 7 of
these cases. In the case of a nozzle-like pipe, due to
the increase in the flow rate, the fluid flow does not have
enough time during the heat exchanger to transfer heat, and
therefore the fluid flow in these cases has a lower heat loss
along the channel. Also, due to the reduction of the heat
transfer area during the flow, the heat transfer in these
modes is lower than in the base model. Case 2 transfers
heat to the outer channel in a more appropriate way due to
the larger area in the flow path.

Convective Heat transfer

In Fig. 134, it can be seen that the average convection
heat transfer coefficient and the average Nusselt number
inside the inner tube increase in most cases with the
increase of the Reynolds number. In most of these cases
and especially in low Reynolds numbers (Reynolds lower
than 13000), this increasing behaviour has an almost linear
form. In Reynolds numbers smaller than 7000 for all cases,
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the average convection coefficient and average Nusselt
number are higher than the base case. But with the increase
of the Reynolds number, it can be seen that for the basic
state, the rate of growth of the average heat transfer
coefficient and average Nusselt number has happened
at a faster rate. However, the highest value is for Case 7.
Creating a flat tube inside the heat exchanger and
consequently reducing the area of the flow entrance in it
by reducing the aspect ratio, increases the speed and
consequently the convection power of the flow (as can be
seen in Reynolds numbers lower than 7000 in Fig. 13a).
With the increase of the Reynolds number and with
the increase of the pressure drop in the inner tube in the
case of the flat inner tube (when the aspect ratio is reduced),
it is clear that the heat transfer coefficient decreases. But in
the case of the nozzle-shaped tube, the excessive increase in
the flow rate, especially in Case 7, will increase the average
coefficient of convection heat transfer.

According to Fig. 13b, we find that in different
Reynolds numbers, sometimes the average Nusselt
number acts independently of the average convection heat
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Fig. 13: Average convection heat transfer coefficient (a) and the average Nusselt number (b) in the inner tube
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transfer coefficient, which is due to the effect of the
hydraulic diameter on the average Nusselt number
(Equation 15). Thus, with the reduction of the inlet area,
the hydraulic diameter is also reduced, which can
compensate for the reduction of the area and keep the
Nusselt number constant, and even do the complete
opposite and reverse the effect of increasing the average
convection coefficient.

According to Figs. 14a, and 14b, it is visible that the
average convection heat transfer coefficient and the
average Nusselt number, in the outer tube, decrease with
the increase of the Reynolds number in almost all
geometric modes. This is because the increase in the
Reynolds number in the inner tube will reduce the
convection heat transfer power of the cold fluid in the outer
tube, which itself causes the temperature difference
between the hot fluid and the inner wall to decrease.
Therefore, the temperature in the inner wall increases.
As a result, the temperature difference between the cold
fluid in the outer tube and the temperature of the inner wall
increases with the increase of the Reynolds number, which

2314
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Fig. 14: Average convection heat transfer coefficient (a) and the average Nusselt number (b) in the outer tube

13000 15000 17000 18000 21000

will decrease the convection heat transfer coefficient
in the outer tube.

The average convection heat transfer coefficient
and the average Nusselt number for all geometric modes
and all Reynolds numbers in the outer tube are higher than
the base model (Fig. 14b). But the value of the average
convection coefficient is the highest for Case 4 and Case
2, and the average Nusselt number is the highest for Case
2 and Case 4. That is, the average convection heat transfer
coefficient has the highest value at Ar=0.3, which happens
for low Reynolds and around 3000, at Ar=0.5. But
the Nusselt number has the maximum value in all
Reynolds at Ar=0.5 (Case 2). The fact that in cases 2 and
4, the convection coefficient and the Nusselt number are
the opposite of each other is that the hydraulic diameter
decreases with the reduction of the aspect ratio, which
affects the reduction of the aspect ratio.

Fig. 15 shows the comparison of the overall convection
heat transfer coefficient between different cases per
Reynolds number. In all cases, with the increase of the
Reynolds number, the amount of this coefficient has also
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Fig.15: Overall heat transfer coefficient for different Reynolds numbers
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Fig. 16: The coefficient of thermal efficiency (a) and the
Performance index coefficient (b)

increased. It should be noted that in the low Reynolds
range, below 4000, Case 2 has the highest coefficient.
But at higher Reynolds, its value is slightly higher for
Case 4. For Reynolds above 15,000, the overall
convection coefficient for the base model (Casel) is
higher than all the geometric modes. For higher
Reynolds, Case 7 will also see a large increase in the
overall convection heat transfer coefficient. For example,
in Reynolds number 6000, the percentage increase of this
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coefficient for modes 2 to 7 is 29.7%, 26.8%, 30.6%,
12.6%, 14.6% and 15.3% respectively.

Fig. 16a shows the thermal efficiency of the heat
exchanger per Reynolds number for all geometric cases.
This coefficient almost decreases with the increase
of Reynolds number up to 13000 Reynolds number.
Fig. 16b compares the performance index of the two-
pipe converter for different cases for increasing the
Reynolds number. According to the Fig., it is clear that
the amount of this index decreases with the increase of
the Reynolds number in all modes except the base
model. In Reynolds numbers lower than 4000, the value
of this index is the maximum value for mode 4. With
the increase of the Reynolds number, due to the increase
of the pressure drop in mode 4, the performance index
coefficient will experience a greater drop. At Reynolds
numbers below 6000, this coefficient is higher than
the base case in the case of the flat inner tube and lower
than in the case of the nozzle-shaped tube. By increasing
the Reynolds number to more than 9000, due to the strong
increase in the overall pressure drop in flat tube conditions
and the low increase in overall heat transfer in the exchanger,
the performance index coefficient in the flat inner tube
conditions will drop to lower values than the base
condition. In case 7, due to less heat transfer and high-
pressure drop, this coefficient is the lowest.

Fig. 17 shows the friction coefficient for the outer and
inner pipe, respectively, for different cases. The use of the
inner flat tube has reduced the friction coefficient for the
outer tube for case 3 by a very small amount compared to
the base model. As can be seen from equation 18, the
amount of friction coefficient in the outer pipe has a direct
relationship with the pressure drop and hydraulic diameter
and inversely with the square of the speed. According to
these indicators, the use of an internal converging tube
increases this coefficient significantly. But the use of the
flat inner tube and especially in case 3 has slightly reduced
this coefficient. In Fig. 17b, the coefficient of friction for
the inner tube is compared with each other for different
Reynolds numbers. According to equation 17, which
calculates the friction coefficient of the inner tube, and
according to Fig. 17b, it can be seen that the use of a flat
inner tube has slightly reduced the friction coefficient
in the inner tube compared to the base state, which is the
lowest for It is case 2. On the other hand, modes with
anozzle-shaped tube will significantly increase the friction

2315

Archive of SID.ir



Archive of SID.ir

Iran. J. Chem. Chem. Eng.

Ahmadi N. et al.

[ annutus

LERANATANETA AR AA LA LA AV AN S AN AN SR AN LA
A A A A SR A AN

base case? case3 cased cases casef case?

a

Vol. 42, No. 7, 2023

0.8

0.6

fPiue

0.4

0.2

T —

3000 5000 7000 2000 11000 132000 15000 17000 19000 21000
Re Pipe

b

Fig. 17: The friction coefficient in the outer pipe (a) and the inner tube for different (b) for different geometric cases

coefficient and consequently the fluid pumping power
due to the huge increase in the flow speed, especially
in the exit sections.

CONCLUSION
In this research, an attempt has been made to study

the effect of geometrical changes in the inner tube of
a double-tube heat exchanger. For this purpose, changes
have been made in the geometric shape of the inner tube,
which in the basic model is cylindrical with a circular
section. In cases 2 to 4, flat tube shapes with different
aspect ratios of 0.58, 0.44 and 0.3 are used, and in cases,
5 to 7, a convergent shape (nozzle-like) is used for the
inner tube. has been The difference between cases 5to 7 is
in the diameter of the inner tube outlet, which is 20 mm,
16 mm and 12 mm for cases 5 to 7, respectively. It should
be noted that the geometric shape of the outer tube and its
dimensions as well as the mass flow rate of the cold fluid
in the outer tube are considered constant in this. The most
important goal of this research is to investigate the effects
of these geometric changes on the thermal and fluid
performance of the two-tube heat exchanger. In summary,
the results of the present work are as follows:

* In all cases 2 to 7, and especially inside the inner tube,
an increase in flow speed can be seen compared
to the base case, and the highest speed is related to Case
2 of the flat inner tube states. In nozzle tube cases like
this, the increase in speed is greater than in other cases.
A slight drop in speed is observed in the outer tube.

* The pressure drop will also increase with the reduction
of the inlet cross-section. In the case of the flat inner tube,
Case 2 has the highest pressure drop and in the case
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of the inner tube of the nozzle, Case 7 has the highest
pressure drop.

* At Reynolds numbers lower than 6000, the total pressure
drop is generally different. In this period, as can be seen,
the pressure drop in all cases with a flat inner tube is
lower than the base case, which is the lowest pressure
drop for Case 3.

* In the cases of the flat inner tube, the temperature
in the inner tube at the end of the tube has dropped
more than in the base case. The highest amount of
heat transfer in Case 2.

* As a general conclusion, it can be stated that all the
designs related to the nozzle-shaped inner tube (cases 5
to 7) show a weaker thermal and hydrodynamic
performance compared to the base case in almost all
studied Reynolds numbers. give But this case is slightly
different from the cases with the flat inner tube. So that
the thermal and fluid performance of these modes (modes
2 to 4) at low Reynolds numbers (up to 6000) is
completely better than the basic model, which in total is
the best performance in all aspects belonging to Case 4.
But in Reynolds numbers higher than 6000, it is
recommended to use the basic mode in general, due to
the production problems of the inner tube.

* Therefore, in industries where the Reynolds number is

below 6000 for the flow inside the inner pipe, it is cost-

effective to use a flat pipe with geometric specifications

of Case 4 with an aspect ratio of 0.3.

In future works, we will focus to study the exergy
analysis [13, 21] of the results achieved in the present
paper and set up an experimental model of case 4 which
has the best performance in the Reynolds under 6000.
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