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ARTICLE INFO ABSTRACT

Article history: Heat exchangers are generally used in the process of heat transfer between two

Received 23 January 2020 different fluids separated from each other by a solid wall in order to save time and

Received in revised form 18 March 2020 reduce expenses. Fluids behavior change by adding a wire-insert in its path. To

Accepted 23 March 2020 investigate heat transfer parameters, we need to simulate the whole system. In this

Available online 29 March 2020 study, heat transfer of counter-flow helical double pipe heat exchanger was modelled
by using Computational Fluid Dynamics (CFD) in "Ansys CFX". The cold and hot fluids
temperature were in the ranges of 10-20C° and 30-50C° respectively. The Reynolds
number of flows were in the range of 4x10° to 42x103 and the process was single-
phase. The model was eventually evaluated by experimental data after simulation. The
results indicated that the model was able to interpret the experimental results with
correlation coefficients of 0.98 and 0.97 for hot and cold streams respectively.
Furthermore, the wire-insert installed to the cold flow path caused more fluid
turbulence and increased the temperature difference of the cold fluid inlet and outlet
proportional to the hot fluid.
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1. Introduction

In recent years, there have been many researches showing that the rate of heat transfer in helical
pipes is much higher than in straight pipes [1]. Helical-pipes heat exchangers, they are mostly used
in various industries such as ventilation and heat recovery systems, nuclear industries, power plants,
chemical reactors and food industry due to their dense structure and high heat transfer rate. The
circular shape of pipes results in secondary flow with rotational motion that causes the fluid particles
to move to the central region of the helical section [2]. The secondary flow increases the heat transfer
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rate by decreasing the temperature gradient at the cross-section of pipe. Therefore, another
convective heat transfer mechanism perpendicular to the main flow that doesn't exist in
conventional heat exchangers is produced [3]. Since the flow behavior and convective heat transfer
behavior of the helical pipes largely depends on the secondary flow behavior, they are usually more
complicated than straight pipes. Nevertheless, many studies have been conducted on fluid flow and
heat transfer in helical pipes.

Shell and tubes heat exchanger modelling using CFD technique dates back to the early days of
this knowledge, so it's quite difficult to trace its origin in a primitive research. However, the technique
presented a study by Patankar & Spalding [4], was most probably the first to be able to calculate fluid
heat fields and tube metals simultaneously and could be considered as a framework from which
sequential distributions is developed. In another study, heat transfer in an annulus double-pipe
helical heat exchanger was experimentally investigated. The results revealed that secondary flow
occurred in both inner tube and the annulus. It was also reported that with increasing Dean number
the heat transfer increased [5]. Effect of helical wire inserts on heat transfer and pressure drop in a
double pipe heat exchanger were investigated with CFD techniques. Larger pitch length of coiled wire
insert, led to increasing in efficiency of heat exchanger [6]. Seban & MclLaughlin [7] experimentally
studied heat transfer in helical pipes for the laminar flow of oil and the turbulent flow of water.
Reynolds number range from 6000 to 6500 and Prandtl number range from 2.9 to 5.7 were used in
their study. In the relationship presented in their study, it was assumed that the fluid properties were
constant, which can cause a heat transfer coefficient error of 10 percent in the calculated values.
Further they found that with increasing the Reynolds number heat transfer was increased also this
result achieved by Ham et al., [8]. Rehman et al., [9] discussed flow distribution and heat transfer in
shell-and-tube heat exchangers and compared their proposed model with the experimental results.
Their model had an average error of 20% in prediction of the heat transfer and pressure drop. The
results indicated that the assumption of plane symmetry was well applicable to heat exchanger
lengths but not for outlet and inlet. Although, this model could be improved by using Reynold model
instead of k-€ model. Ghazikhani et al., [10] put effort on experiments to investigate the effect of
different kinds of vortex generator on the performance of a heat exchanger. The results showed that
the use of wire-insert in the air flow path not only improved heat transfer but also caused overall
irreversibility of heat exchanger. Baruah et al., [11] carried out an investigation of the performance
of elliptical pin fin heat exchangers computationally. They found that the fluid temperature increased
as it passed through the heat exchanger and the temperature difference between the fins and the
surrounding fluid decreased over the computational domain. The flow structure and heat distribution
inside the heat exchanger shell can be obtained by geometric modelling with as much accuracy as
possible. These accurate data can be used to calculate general parameters such as heat exchanger
coefficient and pressure drop, that can be compared with computational and experimental results as
well [12]. Comparison of three heat exchangers in different heat flux showed that the dimpled helical
coiled tube had a higher heat transfer coefficient. The helix tube and dimpled tube had a positive
effect on heat transfer [13-14].

In some heat exchanger applications it is very important to know the temperature and pressure
of all fluid elements. In experimental tests we are just able to see fluids input and output elements
but in CFD simulation all elements are available. So a simulation process was conducted to investigate
the fluid behavior. The interaction of pressure, velocity and temperature fields inside the heat
exchanger were also studied precisely. In this study, a double-pipe heat exchanger with counter-flow
wire-insert was simulated. The effect of wire-insert installed on inner pipe on heat transfer was also
investigated. Additionally, the computational heat transfer data for the heat exchanger were
compared to the results of the simulation.
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2. Methodology
2.1 Structure and Operation of Heat Exchanger

The setup of this research is a double-pipe helical heat exchanger whose dimensions are shown
in Table 1. The experimental experiments consisted of a double-pipe helical heat exchanger, the
cooling and heating loops and the relevant instrumentation. The temperature of cold and hot streams
were in the ranges of 10-20 C° and 30-50 C° respectively. Mass flow rate of both streams were in the
range of 1-8 kg.h'l. A cooper wire of 1 mm diameter was coiled and soldered as spiral wire-insert
around the outer wall of the inner pipe inside the annulus. The pitch of wire-insert was 40 cm and
had a 1 mm gap for air flow in the remaining free space of the annulus. In order to investigate the
effect of the hot and the cold mass flow rates on heat transfer, the mass flow rate of the hot stream
was kept constant in 3.9 kg.h', while the cold mass flow rate was increased from 4 to 5.6 kg.h™* with
step of 0.2 kg.h™2. Similarly, the mass flow rate of the cold stream was kept constant 4 kg h™%, and the
mass flow rate of the hot stream was changed from 4.1 to 5.7 kg h™! with step of 0.2 kg h™.
Altogether, the model has been run for 18 times; 9 times for the hot flow changes and 9 times for
the cold flow changes.

Table 1

Dimensions of the heat exchanger

Thickness (mm) Dimensions (mm) Components of the heat exchanger

1.25 12 Inner diameter of outer pipe

0.15 7.7 Inner diameter of inner pipe
3770 The length of the heat exchanger
100 The height of the heat exchanger
300 Spiral diameter

Pitch of 40 mm 1 Diameter of wire-insert

2.2 Geometry Model
2.2.1 Physical model

According to the circular cross section of heat exchanger, the mesh was generated by division of
cylinders edge. Moreover, bias type was selected; so that, small and large mesh size were applied to
short distances from the pipe wall and far distances from the pipe respectively, to investigate the
boundary layer effect. First, the meshing process was applied by choosing fewer amount of division
number for the edge of spheres and thus the average skewness index, aspect ratio and the number
of elements were studied. The parameters of 4 types of mesh with different division numbers for hot
fluid and cold fluid are shown in Figure 1 and Figure 2. D mesh type with aspect ratio of 1:2 and also
better feature and more compatibility was selected and eventually applied. Figure 3 shows the mesh
design for D mesh type. The geometry of heat exchanger was created in SolidWorks 2018 and then
was recalled in geometry section of Ansys environment (Figure 4).

Input, output and interaction between fluid and object were defined after the meshing process
for hot and cold fluid, inner pipes and outer pipes. The zero velocity condition was compared for the
analysis of the interaction between hot fluid and inner surface of inner pipe, cold fluid and outer
surface of inner pipe, and cold fluid and inner surface of outer pipe. The heat exchanger were
surrounded by glass wool when experimental test was being performed, so the outer surface of outer
pipe was defined as zero thermal flux.
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Fig. 4. Mesh design of heat exchanger Fig. 3. Heat exchanger geometry

2.2.2 Description of numerical model

The main models were simply estimated by Navier-Stokes Equations. The relationship among
flow rate, area and velocity was used to calculate Reynolds number theoretically, thereupon, the
velocity of hot and cold fluid were specifically estimated. For the test condition, Reynolds number
was calculated higher than 4000 for the both fluids so the flows are turbulent. The study of
Computational Fluid Dynamics (CFD) in a system is normally initiated by developing an optimal
geometry and a mesh for domain modelling. The modelling was started with definition of the
boundary and initial conditions for the domain and then it resulted in the modelling of total system
domain. Afterwards, it was proceeded with analyzing the results. CFD methods consist of numerical
solutions of mass, momentum and energy conservation with other equations like species transfer
the solution of these equations was done by the numerical algorithm and methods [15]. Conservation
equations for compressible flow are:

Continuity equation:

Z—’; + div(pU) =0 (1)

In CFD programs, the continuity equation is often combined with momentum equation to form
Poisson Eq. (2). For constant density and viscosity, the new equation can be written as below.
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0 (0P _ 0 (9(pUiU))
6xi (6xi) - 6xi( 6xj ) (2)

Reynolds equations:

6(pu) + div(pul) = —— + div(u. grad.u) + [ a(pu a(g;w) a(puw)] + S

a(pv) + div(pvlU) = —— + div(u. grad.v) + [ a(puv) a(g;; ) a(pvw)] + Smy (3)
2

a(pw) + div(pwlU) = — + div(u.grad.w) + [ a(puw) 6(/;1;w) a(pw )] + S,

It is needed a model of the turbulence to solve these equations. There are many equations to
model the turbulence. The k-€ model is one of the most reliable models that exists. This model is
applied following turbulence parameters:

Heff = lu + luT
K2
pr = pCu—
6(pK) +di v(pKU) = div (#effgrad K) + G — pe
2

2.2.3 Boundary condition
Boundary conditions in the model are summarized as follow:

i.  Inner and outer tube side mass flow rate: 1-8 kg.h*
ii.  The temperature of cold stream: 10-20 C° and The temperature of hot stream: 30-50 C°
iii.  Pressure outlet in both tube sides: 1 bar
iv.  No-slip boundary condition on the walls
v.  Adiabatic wall boundary condition on the outer wall
vi.  The coupled temperature on the interface wall

2.3 Basic Equations for Heat Exchanger

The energy balance between the hot and cold streams (Q) was calculated using the following
equation:

Q= FcchpC(Tc,o - Tc,i) = thhcph(Th,i - Th,o) (5)

Where F¢, pe, Coc, Tci and T, are volumetric flow rate, density, specific temperature, the inlet
temperature of cold stream and the outlet temperature of cold stream respectively; and h subscript
in all parameters refer to the hot stream.

Q = U;A,LMTD = ththh(Th,i - Th,o) (6)

Then;
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UiAiExp = thhcrz;v([?;i_“'o) (7)

Where Ui is heat transfer; and A; is the inside surface area of internal pipe.

Heat transfer for the heat exchanger were modelled using experimental tests. This model can be
different by changing the structure of heat exchanger. There are various methods used to predict the
amount of heat transfer of heat exchanger in which not only the heat transfer of inner pipe and outer
pipe are not separated from each other but also a same equation is used to calculate the heat transfer
of the inner and the outer pipes. Eq. (10) presented by Majidi et al., [16] is particularly for heat
transfer of heat exchanger with the separation feature for cold and hot streams (r?> = 0.98). Their
proposed equation was based on the equations presented by Rohsenow et al., [17] and Garimella et
al., [18] which after modifying and applying wire-insert effects, was accordingly set for the heat
exchanger whose information was already mentioned.

Eqg. (8) is used for inner pipe of heat exchanger and Eq. (9) is presented for heat transfer of outer

pipe;

k(O.OZ3ReO'8pr0-3)(1+3_4%) o
hin = -
di,o—2t
k(0.02 7De°-94pr0-69)(M)0.01
h,,,= D o)
out — >
eq

The amount of UjA; is calculated by substituting the results of the previous equations in the
following equation;

-1
A; (10)

ln( di,o )
1 dio— di,o—-2t
U;A;Cal. = |— + —4x=2t

hin 2mkL houtdi,o

Eqg. (10) is used to obtain the amount of heat transfer in order to be compared with the modelling
results.

3. Results
3.1 Fluid Velocity

Fluid velocity at the cross section of the inlet and outlet of the heat exchanger are shown in Figure
5. The first row represents the hot air inlet and the cold air outlet. The second row shows the hot air
outlet and cold air inlet in various mass flow rate for hot air. In this study, nine simulations (models)
in various rates for the cold and the hot streams were conducted. Four inlet and outlet cross sections
of the heat exchanger were used to show the simulated cross sections. Due to the friction between
the fluid and the pipe, fluid velocity around the pipe was zero, however, it reached to 60 m.st in the
farther distances from the pipe wall. The linear velocity of the hot air inside the pipe was increased
in farther distances from the center of the circle around which the whole exchanger was coiled,
because of the exchanger torsion. This can be seen from the color difference in the cross section of
the hot air inlet of the exchanger, as the increase in flow rate let to more velocity difference. The
spiral radius effect of the heat exchanger couldn't be observed in the first moment of the hot air
influx inside the pipe, and the entire cross section of hot air fluid moved with approximately constant
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velocity except for walls; because the fluid didn't pass along the circular path in the exchanger. Due
to Venturi effect, the fluid velocity increased in the space between the coil and the outer pipe,
however, it reached to average value in farther distances of the pipes wall. Part of hot fluid particles
were forced to rotate in the coil direction due to collision with the coil. The other part of hot fluid
particles passed through the space between coil and wall. So the Kinetic energy of those cold fluid
particles that were forced to rotate in the coil direction decreased slightly. This decrease in the
particles velocity was significant in some parts of cross section of the cold fluid. The air particles
transfer occurred rarely in the space between the coil and the outer pipe after that the cold fluid
passed across the direction and also after that the pressure was stabilized in the both sides of the
coil. Accordingly, the increase in velocity that occurred in the cold air inlet, wouldn't be observed in
the space between the coil and outer pipe of the cold air outlet.

By comparing the heat exchanger cross sections in various flow rates shown in Figure 5as a, b, c
and d, it can be seen that the increase in the hot mass flow rate has no significant influence on the
cold fluid velocity and the increase in flow rate just results in a change in kinetic energy of hot fluid
particles. For this reason, the velocity spectrum in the cross section of cold fluid in the heat exchanger
inlets is the same in various flow rates. The same result is obtained from the cold fluids outlets.

Velocity
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Fig. 5. First row shows the inlet hot and outlet cold air cross sections and second row shows the
outlet hot and inlet cold air cross sections of flow velocity of heat exchanger in various mass
flow rate that cold mass flow rate and hot mass flow rate for a, b, cand d is (4 kg.h%, 4.1 kg.h?),
(4 kg.h?, 4.7 kg.h?), (4 kg.h?, 5.3 kg.h?) and (4 kg.h?, 5.7 kg.h?) respectively.
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Figure 6 shows the effect of changing the cold mass flow rate on the velocity field in the cross
section of the exchanger pipes. The exchanger spiral effect on the hot fluid velocity is observed in the
fluid outlet. By the same token, the velocity in the walls is zero for the fluid.

In higher flow rates in the cold fluid inlet, the velocity increase was observed much more in the
space between the wire-insert and the pipe, and Venturi effect was more considerable. As can be
seen in Figure 6, the installed wire-insert in the path of cold fluid flow resulted in turbulence and
improvement in the heat transfer. By comparing a, b, c and d it can be found that mass flow rate
directly let to increasing in flow velocity.
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Fig. 6. First row shows the inlet hot and outlet cold air cross sections and second row shows the
outlet hot and inlet cold air cross sections of flow velocity of heat exchanger in various mass
flow rate which cold mass flow rate and hot mass flow rate for a,b,c and d is (4 kg.h?, 3.9 kg.h"
1), (4.6 kg.h?, 3.9 kg.h?), (5.2 kg.h?, 3.9 kg.h!) and (5.6 kg.h%, 3.9 kg.h?) respectively.

3.2 The Fluid Temperature Contour

The temperature of the pipes with copper coiled wire with thermal conductivity coefficient of
390 (W/m °C) increased as a result of hot fluid passing through them. In addition, the cold fluid
temperature increased owing to cold air collision with copper components, so this led to temperature
change in both fluids conclusively due to passing through the pipes. The temperature field of fluid in
the cross section of the heat exchanger inlet and outlet are shown in Figure 7. The first row represents
the hot air inlet and the cold air outlet, and the second row shows the hot air outlet and the cold air
inlet in various mass flow rates of hot air. The temperature difference between the wall and the
center of the fluid at the hot fluid inlet shows that there was no time for the fluid and the inner pipe
to transfer heat. As the hot fluid passed along the heat exchanger, and heat transfer occurred, the
temperature differences observed in the inlet would be dwindled and the fluid would go out of the
exchanger with a temperature less than the inlet temperature as it can be seen as "D" in the second
row of Figure 7 in the hot fluid outlet. By increasing the flow rate, the hot fluid velocity increased,
and consequently it increased heat transfer. According to the cross section of cold fluid outlet shown
in Figure 8, the increase in the cold flow rate let to increase in cold fluid temperature, and considering
the temperature difference of the both fluids, the heat transfer was improved. As can be seen in
Figure 8, increasing cold flow rate leads to increase in the fluid temperature in the outlet. By
comparing Figure 7 (a, b, c and d) and Figure 8 (a, b, c and d), it can be inferred that the temperature
difference of the cold fluid in Figure 8 is more than Figure 7. Although an increase in the cold fluid
temperature was observed in the circumstances that hot

The temperature in the space between the coiled wire and the wall of the outer pipe increased
simply because of more efficient surface for heat transfer, and also more fluid turbulence. The coiled
wire in the path of cold flow let to an increase in the area of heat exchange between the pipe and
fluid. On the other hand, more turbulence in the fluid caused an increase the heat transfer rate. This
results was also observed in the study of Maakoul et al., [19].
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Fig. 7. First row show the inlet hot and outlet cold air cross sections and second row show
the outlet hot and inlet cold air cross sections of fluid temprature of heat exchanger in various
mass flow rate that cold mass flow rate and hot mass flow rate for a,b,cand dis (4 kg.h?, 4.1
kg.hl), (4 kg.h?, 4.7 kg.h?), (4 kg.h?, 5.3 kg.h?) and (4 kg.h%, 5.7 kg.h?) respectively.

Fig. 8. First row show the inlet hot and outlet cold air cross sections and second row show
the outlet hot and inlet cold air cross sections of fluid temprature of heat exchanger in
various mass flow rate that cold mass flow rate and hot mass flow rate for a,b,cand d is (4

kg.h?t, 3.9 kg.h?), (4.6 kg.h?, 3.9 kg.h?), (5.2 kg.h%, 3.9 kg.h?) and (5.6 kg.h%, 3.9 kg.h?)
respectively.
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3.3 The Fluid Pressure Contour

The first and the second rows of Figure 9 shows the cross sections of the inlet and the outlet in
various flow rates for hot fluid respectively. As a matter of fact, the fluid pressure variation are caused
by the temperature variation during the movement from the inlet to the outlet. After the hot fluid
passed the pipes, a temperature drop occurred in the hot fluid and the fluid pressure decreased in
the outlet. Moreover, increasing the flow rate for the hot fluid resulted in a reduction in the
temperature and the pressure evidently.
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As the cold fluid passed through the pipe, the cold fluid temperature increased and the heat was
eventually transferred from the hot fluid to the cold. The heat transfer was observed far more in the
cold fluid; because of the wire coil, so as it can be seen in Figure 10, the input and output temperature
variations of the cold fluid were more than the hot fluid, therefore, as a result of the temperature
variations, the input and the output pressure differences in the cold fluid were notably higher. Part
a, b, cand din Figure 9 and Figure 10 show the effect of mass flow rate on pressure in the pipes.

0005 001 (m 000

0
[ S— S— _:_:
0002 00075 0002

a b c d
Fig. 9. First row show the inlet hot and outlet cold air cross sections and second row show the
outlet hot and inlet cold air cross sections of fluid pressure of heat exchanger in various mass
flow rate that cold mass flow rate and hot mass flow rate for a,b,c and d is (4 kg.h?, 4.1 kg.h"
1, (4 kg.h, 4.7 kg.h), (4 kg.h?, 5.3 kg.h?) and (4 kg.h?, 5.7 kg.h?) respectively.
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Fig. 10. First row show the inlet hot and outlet cold air cross sections and second row show
the outlet hot and inlet cold air cross sections of fluid pressure of heat exchanger in various
mass flow rate that cold mass flow rate and hot mass flow rate for a,b,c and d is (4 kg.h?, 3.9
kg.h?), (4.6 kg.h?, 3.9 kg.h?), (5.2 kg.h?, 3.9 kg.h!) and (5.6 kg.h%, 3.9 kg.h?) respectively.
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3.4 The Effect of Hot Mass Flow Rate on UiAi

Mass flow rate of the cold flow was kept constant in order to detect the effect of hot flow on heat
transfer rate, however, mass flow rate of the hot flow was changed. Figure 11 shows the results of
the test for both mass flow rate of cold flow which was kept constant in 4 kg h™' and mass flow rate
of hot flow which was changed from 4.1 kg h'! to 5.7 kg h'! with step of 0.2 kg h%. The temperature
of cold input flow and hot flow were set on 10£0.1 °C and 45£0.1 °C respectively. The temperature
of the water that was warmed up electrically, was decreased in order to keep the hot flow
temperature constant; because the increase in flow rate in the hot flow let to increase in convective
hot transfer of the hot flow in heat cycle and therefore the increase in hot flow temperature.
Temperature contorl of cold flow in the outlined level was basically easy; because its flow rate was
remained constant.

Experimental tests were undertaken in software model to investigate the effect of flow rate on
heat transfer of heat exchanger. Figure 11 presents the results of heat tranfer simulation and
experimental results of hot fluid in various rates. Accordingly, the increase in hot flow rate in inner
pipe of heat exchanger was associated with increase in heat transfer of hot flow. Additionally, the
temperature difference between the input and output in the inner pipe increased with increasing
flow rate. Furthermore, the increase in flow rate from 0.00145 kg.s%, reduced the upward trend of
heat transfer. The conductivity between the fluid and inner wall of inner pipe was augmented as the
flow rate increased and then resulted in an increase in heat transfer from the hot fluid to inner pipe
and also from inner pipe to cold fluid. The temperature difference between the cold and hot fluid
was decreased after the increase in flow rate from 0.00145 kg.s'* and therefore caused a decrease in
heat transfer gradient (Figure 11). Differences between experimental and CFD results increased in
higher flow rates; because the increase in fluid flow resulted in an increase in the flow turbulence. It
also complicated the computation. Regression relationship between the simulation and experimental
test is shown in Figure 12. The regression coefficient indicates that the experimental results fit well
with the simulation.
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hot mass flow rate (kg/h) UiAi_simulation result
Fig. 11. (UiAi) versus hot mass flow rate for the Fig. 12. Regression relationship between
experimental results and CFD results experimental results and simulation results for

various hot mass flow rate

3.5 The Effect of Mass Flow Rate on UiAi
To investigate the effect of the mass flow rate of cold flow on OHTC, the mass flow rate of hot

flow was kept constant. Figure 13 shows the comparison between the suggested coefficient for the
time that mass flow rate of hot flow was kept constante in 3.9 kg h™* and the time that the mass flow
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rate of cold flow was changed from 4 kg h™! to 5.6 kg h™! with step of 0.2 kg h™l. The temperature of
input flows were the same; 10 + 0.1 °C for cold flows and 45 + 0.1 °C for the hot flow.

To study the effect of flow rate on heat transfer of heat exchanger, experimental tests were
undertaken in software model. According to the results of the heat tranfer simulation of cold fluid in
various rates that are shown in Figure 10, the increase in cold flow rate in outer pipe of heat
exchanger was associated with increase in heat transfer of cold flow. The temperature difference
between input and output in the inner pipe increased with increasing flow rate. Furthermore, the
increase in flow rate from 0.0015 kg.s!, reduced the upward trend of heat transfer; because the
temperature difference between the both fluid decreased due to the more heat transfer. Figure 14
shows the regression relationship between the simulation and the experimental test. The regression
coefficient indicates that the experimental results fit well with the simulation.

By comparing Figure 11 and Figure 13 for various flow rates and the heat transfer amounts, it can
be inferred that the coil around the inner pipe wall was effectively useful and resulted in an increase
in heat transfer of the cold fluid in comparison with the hot fluid. The Positive effect of coiled wire in
tha path of fluid on the rate of heat transfer was observed in several studies. Affirmatively, in the
same inflow due to the existence of coiled wire, more increase was observed in the heat transfer rate
of cold fluid proportional to the cold fliud [13-19-20-21]. The amount of differences between
experimental and CFD results in the heat transfer of cold stream were more than hot flow. It can be
inferred from the regression coefficient of both flows. The reason of this low accuracy in CFD results
for the cold flow is the existence of the coiled wire which made the geometry of model very
complicated in the program.
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Fig. 13. (UiAi) versus cold mass flow rate for the Fig. 14. Regression relationship between
experimental results and CFD results experimental results and simulation results for

various cold mass flow rate
4. Conclusions

In this study, the performance of a heat exchanger with a wire-insert installed in the cold flow
path was investigated using Computational Fluid Dynamics (CFD). The regression coefficient of the
model indicates that the CFD model fits well with the presented equation by Majidi et.al. The
accuracy of obtained results for the hot fluid is slightly higher than the cold fluid, which is due to the
simper geometry of the hot flow motion path. As the mixing and the turbulence of fluid particles in
heat exchangers increase, the rate of heat transfer increases. However, the heat transfer rate in the
cold fluid was observed to be more compared to the cold fluid; because of the coiled wire in the path
of cold fluid. Increasing the inlet flow rate of both hot and cold fluids resulted in an increase in the
heat transfer rate of both fluids. However, increasing the flow rate more than a specific amount, the
diagram slope of the heat transfer decreased because of a less temperature difference between both
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fluids and high velocity of the fluid in higher rates. Due to high costs and short times, some different
adaptations, tests, and experiments have been assigned for the future works. Future works will be
focused in comparison between helical tube and hairpin double pipe heat exchanger. The effect of
flow rate on fluid heat transfer in cross flow and multi-pass split flow heat exchangers also will be
studied in future works.
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