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Abstract: In the present study, an experimental study
and a numerical method are used to simulate the effect
of utilizing finned helical coil heat exchanger horizontally
oriented with and without internal hollow core inside the
shell and monitoring the heat transfer intensification
behavior and performance enhancement, by using ANSYS
FLUENT 2019R3 package. The working fluid in the inlet
side of the coil will be superheated vapor refrigerant
(R410a) after the compression stage of the air
conditioner (1TR) split type, the working fluid in the shell
side is water with various flow rates (1,2 and 3)LPM.
Found that when using a heat exchanger with internal
hollow core reduces the time needed to reach the
steady-state  outlet temperature and  directly
proportional to the size of the core by 20% and slightly
increasing the water outlet temperature by 5%.

Keywords: finned helical coil, tube-shell heat exchanger,
internal hollow core

1. Introduction

Helical coil heat exchangers are widely used in
manufacturing processes and industries. A
higher heat coefficient is created due to the
centrifugal strength provided by tube curvatures
compared to the fluid flow and heat transfer in
straight tubes. The centrifugal force causes a
secondary flow and increases heat transfer
intensities. A. Ameen et al. [1] analyzed the
three stages of refrigerant R-134a passage
through refrigerator’s wire and tube condenser

(de-super-heating, condensation, and sub-
cooling) under normal conditions of convection
with finite element method. By using the
temperature of ambient effecting for finding the
tube’s length required to achieve refrigerant’s
phase changing. They found that for a definite
refrigerant flow rate, the subcooled stage can’t
occur at higher temperatures, consequently
presenting the heat exchanger’s inefficiencies.
They predicted a design tool developing
program (VISUAL FORTRAN 6.1) to check the
tubes’ numbers in wire and tube condenser
under extreme ambient situations. Q. Mahdi et
al.[2] carried out a numerical and experimental
evaluation of heat exchanger (shell-helical coil
tube) with inserting wire coil. They used a
tubular guide to get a huge increase in heat
transferred and friction loss in the experimental
results. Simulation of heat transfer and flow in
the helical coil was carried out by numerical
analysis using ANSYS FLUENT package 14.0.
They have been predicting new empirical
correlations Nusselt number has been developed
and good agreement shows the result of
comparing between the experimental results and
the numerical solution. M. Zareh et al. [3]
studied the action of specific parameters such as
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inlet temperature, inlet pressure, geometric
dimensions and subcooling degree on phase
change of various refrigerants (R12, R22 and
R134a) in a helical tube under the same
conditions. Their results show that for the
identical length and parameters, mass flux
inside helical coil tube sizes (40, 80 and
100mm) 11%, 30% and 36% respectively, less
the flow inside the straight tube.

H. Saffari and R. Moosavi [4] investigated a
numerical solution for (single and two-phase)
fluid flowing inside helically coiled pipe.
Asymmetrical velocity profile and shifted
heavier fluids towards the pipe’s outer section
because of the curvature’s centrifugal force in
coiled pipes. From the numerical simulation,
they concluded that the coefficient of friction
increase directly in coil curvature, a generation
of Coriolis force due to the increase of coil
pitch. Increasing in void fraction due to
decreasing of the mixture of two-phase density,
cause to more reduction of shear stress, pressure
and friction coefficient. Alhamdo et, al[5]
carried out an experiment to use fins with
different profiles (circular, longitudinal, spiral)
attached to water-phase change material (PCM),
double tube system had developed and tested in
a different orientation, to increase the PCM’s
thermal conductivity using the rejected heat
from the air conditioning system, significant
improvement performance has been shown in
the results for the spiral and circular fins in the
vertical orientation and the longitudinal, without
fins in the horizontal orientation.

S. Nada et al [6] conducted experimental
investigation characteristics and enhance the
performance of heat transfer for shell-helical
coil heat exchanger cooler with radial external
fins and shells with different diameters.
Enhance the performance of the water cooler by
improving the compactness of the coil. The
cooling fluid is refrigerant inside the coil and

the water needed to be cooled in the shell side.
The findings showed an improvement in
performance and compactness by adding
external radial fins and increasing the ratio shell
diameter to helical coil diameter. F.
Bagherzadeh et al. [7] presented a numerically
investigates study of heat transfer of (steady
state, laminar, viscous and incompressible) flow
of nanofluids in helical coil tubes. They applied
two boundary conditions to the walls of the coil;
constant heat flux and constant temperature. By
using the model of four equation numerical
solution (mass, momentum, energy and
continuity) equations, proposed a simplified
model compared to the two phase model. In the
coil, the secondary flow was augmented for
various curvature ratios and Reynolds numbers.
They found that the method of solution was less
complicated than the method of two phases, and
the four equation model can be considered as
efficient method for study heat transferred of
nanofluids in helically coils tubes, mainly in
fractions have higher volume.

A. Hussain and A. Golam [8] introduced
experimental and numerical research for heat
exchanger (helically coiled double pipe) using a
counter and parallel flow arrangements, testing,
and water was used in the inner and annulus
tube sides. Various cold water (20-25°C) flow
rate and constant for the hot water (40-70°C).
The results show that the distribution of axial
temperature for the heat exchanger affected by
the mass flow rate ratio, by increasing the ratio
of mass flow rate causes to decrease the
efficiency and effectiveness. Comparisons have
been made between the experimental and
numerical analysis by using ANSYS FLUENT
14.0 package. E.Abed & A. Abdulkadhim [9]
were studied refrigerant’s phase change of
flowing in a capillary tube numerically by using
ANSYS16.1 by utilizing homogeneous model
flow from phase to another Eulerian-Eulerian
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multiphase along with phase change thermally
found on the mass fraction transfer appliance by
employing simulation the phenomenon of phase
changing for the refrigerant in the capillary tube
below the conditions of adiabatic states. V.
Hameed and A. Al-khafaj [10] studied helical
coil tube-shell heat exchanger experimentally
and numerically, water was the working fluid in
both shell and tube. They used for the shell a
perplex tube 1000,150 and 2mm length,
diameter, and thickness respectively, for the
helical a copper tube with 12.7 and 0.1mm
diameter and thickness respectively. The
numerical simulation was made by ANSYS
fluent 16. Three cases of coil pitch were
investigated and compared the results with a
straight tube. The heat transfer rate increases
(4.5, 5.8 and 7.2) times for (5.27, 4.27, and
3.27) cm coil pitch comparing with a straight
tube. The results were found that decreasing the
coil pitch will increase the heat exchanger
performance due to the secondary flow.

A. Alimoradi et.al [11] investigate numerically
the intensity of heat transfer in thirteen designs
of heat exchangers type shell-helical coiled tube
via annular fins installing in the outside of
helical coil with different fin’s height and
number. They have researched three cases of
different Reynolds number (7500, 15000,
30000) in the shell side. The study has been two
methods, the first method used experimental
correlations for both shell and coil side for
Nusselt number. The coefficient of heat transfer
was compared with experimental results from
previous studies in the second method. Results
declared that, in the range of 7500<Re,<
30000, the rate of transferred heat increased up
to 44.11%. T. Ariwibowo et al. [12] discussed
the condensation of refrigerant R-134a at
saturated temperature 40°C and its flow regimes
(annular  bubble, stratified, wavy and
intermittent) numerically. They found that 60-

70% heat exchanger’s length includes annular
flow. The phase change pressure drop inside the
tube increased with increasing of mass flux
(500, 800 and 1100 Kg/m2.sec) and 0.9 vapor
fraction. The interface of shear stress on the
walls decreased with the thickness of
condensation film decreasing. M. Sepehr et
al.[13] used Numerical work on the heat
transfer, the pressure drop, and entropy in
helically bent tube heat exchangers. Through
mounting the annular fins on the coiled tube’s
outer surface, the heat transfer rate is increased.
By using hot water inside the coil with
temperature 70°C and 1 m/Sec speed and the
shell side working fluid are dry, cold air with
temperature 10°C and speed ranged between 1-4
m/Sec. An empirical correlation was the basis of
predicted values and the models' validities
compared with numerical values of Nusselt No.
and made a designer guide of these heat
exchangers types. J. Wang et al.[14] established
a numerical method to survey the fin shape,
geometry and the flow rate at the shell inlet
effects on the loss of exergy in a finned helical
coiled tube heat exchanger with an internal
hollow core at the shell inside. The indication of
the results is with the inlet flow rate of the shell
side, fins dimensions and number, NTU
increases due to Exergy loss increases about
23.4% of the rate of the heat transferred, and
obtained two correlations for proposing
optimum operational and geometrical values of
the heat exchanger characteristics.

R. Lopez et al. [15] presented a numerical
model of water cooled condenser in the heat
pump cycle and refrigerant R410a as a working
fluid inside the cycle. The real behavior of the
flow was described by k-¢ turbulence model. In
the shell side the water pressure drop about 25.9
kPa, the increase of water temperature was of
3°C and outlet pipe velocity 3 m/sec. The
simulation results that the COP of the pump 7.6
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and 7.32 from experimental, both results were
below the equipment’s manufacturing value. M.
Kassim & S. Lahij [16] were studied an
experimental and numerical investigation of the
friction factor and the heat transfer features in
double pipe counter flow heat exchanger
without and with Nanofluid (15-20 nm
Nanoparticle size). A turbulent flows of fully
developed ranges were performed. The results
show that Nanofluid volume concentration
increasing leads to increasing in heat transferred
rate and Reynolds number. Simulation of heat
transferred and flow of the fluid have been made
by using ANSYS FLUENT 2015 package and
gives acceptable results with the experimental
work

In this paper, Analyzing the effect of using
finned helical coil tube-shell heat exchanger
(horizontally oriented) with and without an
internal hollow core in the center of the shell.
The heat exchanger worked with hot refrigerant
vapor after the compression stage of an air
conditioner (1TR) split type, on the tube side
and water as heat transfer fluid in the shell side.
The energy, discharging simulates numerically
dependence on experimental work. The results
discussed the difference between the using of
internal hollow core from not using it in terms
of water outlet temperatures, velocity inside the
shell and the refrigerant mass fraction (dryness
factor) inside the helical coil.

2. Numerical Simulation

The commercial version of ANSYS fluent 2019
R3 package was used to compute the waste heat
recovery in the heat exchanger to the water in
the shell side and predict the phase change in
refrigerant. Three dimensions (r, 6, Z) of the
shell were created by geometry software and
engaged in the geometric modeling meshing
software. Zone regions and boundary layers

were clarified. The governing equations of the
model are based upon the equations of mass,
energy and momentum conservation, of the
fluid.

For the refrigerant phase changing flow model
inside the helical coil, the mixed density of
(vapor-liquid) flow can be expected. [17]

i=

Ptp = i1 XiPi = pg + (1 —x)pf €]

For phase changing flow model, the formula
of two-phase (vapor-liquid) viscosity is
calculated as an empirical equation as a dryness
fraction function of the dryness factor (x) done
in ANSYS fluent 2019 R3

i=
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In the z- component:
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Energy equation:
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@ Is dissipation (internal friction) function [18],
the term u@ is the viscous dissipation
representation per unit volume. For mixture of a
multi-component, the transportation of energy
sometimes caused by the diffusion and should
be accounted for the conservation of mixture
energy.

The total surface area of (helical coil + fins) is
equal to 0.5m?, the total shell volume is 18 liters
and the volume of the internal hollow core is 5
liters.

2.1.Geometry Creation

The geometry of the heat exchanger classified
as the model consists of finned helical coil heat
exchanger horizontal oriented with cylindrical
shell 200 mm diameter supposed to be insulated
from the outside and no heat transfer through
the shell, having one inlet 15mm diameter and
one outlet 15mm diameter portions of water
with three water flow rates (1, 2 and 3 LPM)
flow in the shell side. A R410A refrigerant flow
through finned helical copper coil tube 9.53mm
diameter with inserting annular circular fins.
The second case was placed internal hollow
core 100 mm diameters in the shell center to
reduce the shell volume by 25%

Figure 1. geometry of finned helical coil heat exchanger
frame

2.2. Mesh Generation

A preferable solution for meshing process is to
separate the heat exchanger in all cases to two
parts, shell side (water), coil side (refrigerant).
The partial differential of fluid flow equations
cannot analyze except in very simple cases.
Therefore, the flow domain is subdivided into
(elements cells) and the collection of all
elements is called the mesh to analyze fluid
flow. Within each of these domain sections, the
governing equations are resolved. In these
models on the heat exchanger shell side a mesh
of tetrahedrons was used (cut-cell mesh) method
to take the advantages of quick mesh generating,
mostly having the results with high quality
hexahedral elements and concentrate the
elements near the flow regime and high heat
transfer surfaces as a default program generates
and assuming no heat transferred from the outer
shell. The calibration of different grid sizes and
transported into applications was performed for
the optimum results of the mesh comparing the
results with the ideal grid scale of the liquid
portion of the measured grids.



Journal of Engineering and Sustainable Development (Vol. 25, No. 01, January 2021) ISSN 2520-0917
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Figure 2. Heat Exchanger Mesh

Figure 3. Annular Fins Mesh
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Figure 5. Refrigerants inside the Helical Coil Mesh

Table 1. Number of nodes and elements

Case Fluid Nodes No.  Elements

No.

Heat Ex. Water 5,181,998 4,868,140
Heat Ex. With

internal Water 5,130,756 4,818,985
hollow core

Helical coil Refrigerant 423,442 1,077,864

2.3.Boundary conditions and assumptions

Boundary conditions are used according to the
need of the model as shown in figure (6). The
assumptions have been evaluated according to
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the refrigeration cycle readings in the
experimental section

A |
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Water inlet

Figure 6. Heat Exchanger Boundary Conditions

a) Inlet water

The water inlet by 15mm diameter defined by
inlet temperature 28+1°C and velocity according
to the water mass flow rate (During charging
process) and water heat transfer coefficient for
each case.

b) Inlet refrigerant

The inlet superheated vapor refrigerant passing
through the helical coil copper tube is defined
by the amount of flow rate (rnr) of 0.018 kg/sec
and constant velocity 3.6 m/sec. The average
temperature of the refrigerant at the inlet is
55+1°C of the heat transfer fluid (During the
discharging process) and the pressure as
considered the outlet from the compression
stage in the refrigeration cycle and refrigerant
heat transfer coefficient for each case.

c) Walls

The outside shells of the heat exchanger wall
were supposed to be well insulated and no heat
transferred through the walls. And no-slip
condition is considered for all walls.

3. Experimental work

To achieve experimental study, the test rig is
designed and constructed as photographed and

described in figure (7) to transact with all
concerning measurements the storage system of
thermal energy. The effort had taken to
construct the test rig (finned helical coil heat
exchanger) part of the refrigeration cycle of air
conditioner split type with nominal cooling
capacity 1TR, (R410a) refrigerant as a working
fluid and placed between the compressor and
the condenser in the outdoor unit.

Current meter ]
Digital therrm/eter Flow meter
i

Heat exchanger

Figure 7. Photograph of the Test Rig

Creating turbulent flow in the water side and
expanding the helical coil surface area by
inserting annular copper fins with a uniform
cross section (inner diameter 10mm, outer
diameter 20mm and thickness 1mm). Using
copper welding to fix and fill any possible gap
between the annular fin and the helical coil to
ensure total contact as shown in figure (8)

p
A
Annular fin

Figure 8. Annular Fins in the Helical Coil

Copper welding

el

Placing internal hollow core with diameter
100mm in the shell’s center for reducing the
water volume inside the heat exchanger and the
time required for reaching the steady state
temperature of the outlet water from the heat
exchanger by as shown in figure (9) and.
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Finned helical coil
Outer shell
Internal hollow corg

Figure 9. Finned Heat Exchanger with Internal
Hollow Core

4. Results and Discussions

All the results of the cases were classified
according to the water inlet flow rate in the shell
side (1, 2 and 3 Liter per Minute).

4.1 Experimental results

Figures (10, 11 and 12) show that reducing of
the water volume in the shell side need to be
heated by the refrigerant effect by using internal
hollow core and for reducing the reaching time
to the steady state condition, and also the
increasing of the outlet temperature leaving the
heat exchanger for the three water flow rates
due to increasing of heat transfer rates and
coefficient.
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Figure 10. Temperature augmentation vs Time for
finned and Finned with Hollow heat exchanger (1LPM
water flow)
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Figure 11. Temperature augmentation vs Time for
finned and Finned with Hollow heat exchanger (2LPM
water flow)
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Figure 12. Temperature augmentation vs Time for
finned and Finned with Hollow heat exchanger (3LPM
water flow)

The cost of materials’ purchase, construction of
the heat exchanger was about (204$) and The
additional cost of adding the internal core
(UPVC) 150mm pipe and its heavy duty glue,
Very little financial value (103).

4.2 Numerical results

Figures (13, 14 and 15) show that the transient
temperature solution for the water side until
reaching the steady state temperature
distribution for the front section inside the heat
exchanger shell side of water flow (1, 2 and 3
LPM) and the maximum temperature reached in
the 1LPM flow in the heat exchanger with
internal  hollow core. Comparing with
conventional heat exchanger, the heat transfer
rates accomplished the higher water outlet
temperature because of the expansion of the
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surface area and the shape of the fins effected
on the water flow inside the shell to produce
larger numbers of the boundary layers from
every annular fin inserted to the helical coil. For
the same effect of inserting an internal hollow
core to the heat exchanger to reduce the time
required to reach the steady state and increasing
the outlet temperature. With increasing of the
water flow of the heat exchanger with the
hollow core cause of high heat transfer
coefficient due to the difference in the shell
side’s hydraulic diameter.

0w 0200 (m)

= G5

b) Finned hollow

Figure 13. Water temperatures distribution inside shell for
1LPM frame
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b) Finned hollow

Figure 14 Water temperatures distribution inside shell for
2LPM frame
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a) Finned

i

b) Finned hollow
Figure 15. Water temperatures distribution inside shell for
3LPM frame
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Figures (16, 17 and 18) show the mass fraction
of the refrigerant phase change inside the helical
coil and obviously clear that the refrigerant
behavior depends directly on the heat observed
in the water in the shell and phase change
happen and start earlier with more effectively
and increase with the increasing of the heat
transfer rate. The numerical simulation
conducted, show that the phase change appeared
on the refrigerant and the vapor to liquid mass
fraction. The mass fraction percentage refers to
the refrigerant condensation inside the helical
coil and the heat transferred from the refrigerant
in the tube side to the water on the shell side.

v

= gh)

b) Finned hollow

Figure 16. Refrigerant Mass Fractions for 1 LPM

= %

b) Finned hollow

Figure 17. Refrigerant Mass Fractions for 2

b) Finned hollow

Figure 18. Refrigerant Mass Fractions for 2 LPM

10
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Table 2. Refrigerant mass fraction, dryness factor (X)
at the outlet of helical coil

Case 1LPM  2LPM  3LPM

Finned helical coil heat  0.926 0.734 0.532
exchanger
Finned helical coil heat
exchanger with internal ~ 0.867 0.665 0.489
hollow

Figures (19, 20 and 21) show The corresponding
values of velocities at different water flow rates
are as flows (1LPM= 0.09m/sec, 2LPM=
0.18m/sec, 3LPM= 0.27m/sec) and the direct
effect of inserting a hollow core inside the heat
exchanger cause of reducing the hydraulic
diameter and the cross sectional area of the shell
with the same water flow rates to increase the
heat transfer coefficients and rates.

il { i

0000000000000000000000¢

a) Finned

il

0000000000000000000000¢

o100 2200 my

oo o)
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Figure 19. Water velocity distributions inside
shell for 1LPM
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Figure 20. Water velocity distributions inside
shell for 2LPM
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Figure 21. Water velocity distributions inside
shell for 3LPM
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4.3 Experimental and Numerical Results

Rapprochement

For reaching logical results, it is very important

to confirm the previous work. After,
constructing the model, the results were
compared between the experimental and

numerical data. Figure (22, 23) demonstrates the
difference between the results of the water
outlet temperature from the heat exchanger shell
side for 2LPM flow to the experimental two
models (finned helical coil with and without
internal core) with the results obtained in the
numerical process. An acceptable matching has
been appearing between the results for the three
models. As can be observed, experimental and
numerical water outlet temperature histories
during the charging processes reaching the
steady state temperatures are satisfactory
matched; thus, the numerical solution and its
boundary conditions can be considered. The
slight non-exact corresponding was not reached
between the results due to the losses in the heat
transfer from the shell and the location of
thermocouples in the unit. The maximum
uncertainty achieved of the water outlet
temperatures results was 2.66% in the case
without internal core, 2.16% for the finned heat
exchanger with internal core.

sE8sERERS

5 sa ~+—MNum.
g3 ==-Exp.
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Figure 22. Comparison between experimental
and numerical results for finned helical coil
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Figure 23. Comparison between experimental and
numerical results for finned helical coil with internal
core

5. Conclusions

From the results, Using finned helical coil heat
exchanger with internal hollow core has direct
consequences on the output performance,
Increasing the heat transfer rates and
coefficients, outlet temperature and water
velocity inside the shell side and reducing the
reaching time to the steady state condition and
the difference of reaching time directly
proportional to the size of the internal hollow
core. With increasing of the water flow rates in
the shell side lead to increasing of the mass
fraction transferred from the vapor phase to
liqguid phase (dryness factor of refrigerant).
Found that when using a heat exchanger with
internal hollow core reduces the time needed to
reach the steady state outlet temperature and
directly proportional to the size of the core by
20% and slightly increasing the water outlet
temperature by 5%.
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NOMENCLATURE

Cp  Specific heat at constant pressure
g Acceleration of gravity
P Pressure

r Radius

v Velocity

x Mass fraction factor

P

u

Density
Viscosity
0 Curvature angle
Subscripts
tp  Two Phase

a Saturated vapor
f Saturated liquid
2] Tangential direction
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