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Abstract:

This paper studies numerically the impact of installing longitudinal fins on the performance of a DPHE. Different heights were
considered for these fins and three different profiles; rectangular, triangular, and semi-circular were investigated. Fins were fixed on
the internal surface of the annulus side. The numerical investigation was carried out for counter flow. The study is performed in two
cases. The first one was of a constant hot water mass flow rate (m;) at (0.3) kg/s and varying values of cold water mass flow rate (m¢)
which was from 0.2 to 1 kg/s. The second case was of a constant cold water mass flow rate (m) at (0.3) kg/s and changing hot water
mass flow rate (mp) which was from 0.2 to 1 kg/s. Inlet temperature of hot water was 353k and for cold water was 298k. The results
showed that using longitudinal fins enhances the (DPHE) thermal performance. Also, semi-circular profile gave more enhancement in

the rate of heat transfer compared to other studied profiles.
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1. Introduction

Various techniques are used to improve heat transfer in heat
exchangers, both of which can be categorized as passive and
active techniques. Passive techniques do not need any external
control, for example extended surfaces, coating, and surface
roughness. Active techniques need an external power for
example injection, induced vibrations, and jet impingement and
suction of fluids [1]. For a long time, fins were used to improve
heat transfer rate from surfaces to the surrounding as they
provide an inexpensive and effective means to enhance heat
transfer rate. It used in a lot of applications including nuclear
reactors, petroleum and electronic industries, power plants, and
chemical processes [2]. Many researchers studied the effect of
installing fins on the double pipe heat exchanger thermal
performance. Sreedhar and Varghese [3] the results found that
the external fins is the ideal design for cooling the hot fluid in the
inner pipe of DPHE. Reddy and Rajagopal [4] The results
observed that the pressure drop is increase with the increasing of
the mass flow rate and fins number. Nada and Said [5]. the results
indicated that the heat transfer and effective thermal conductivity
increase with the increasing of fins number, fins width, and
Rayleigh number. Mathanraj et al. [6] it was found that the
effectiveness and heat transfer increases with the increasing of
mass flow rate. It is also observed that the overall heat transfer
coefficient increases too and log mean temperature difference
decreases. Majidi et al. [7] the obtained results showed that the
overall heat transfer coefficient increases by increasing the
Reynolds number. Ramu et al. [8]. results indicated that the heat
transfer rate and the heat transfer coefficient increase as the mass
flow rate increases. Hameed and Essa [9] results showed that the
temperature difference is decrease as the Reynolds number
increase. Karamallah and Hoshi [10] the results showed that the
friction factor is increase as the pitch decreases.

As seen through the previous literature review, heat
exchangers still need to more efforts to enhance their heat
transfer more and more. In the present research, longitudinal fins
of different cross sections were studied to show their effects on
the duty of the DPHE.

2. Physical model

The physical model of DPHE was built using ANSYS 17.2.
The inner diameter (di) of the inner pipe is 20mm, and the inner
diameter (Di) of the outer pipe is 44mm, the thickness of both
pipes is 2mm, with exchanger length (L) of 1000 mm. For
counter flow arrangement hot water flows in the tube side, cold
water flows in the annulus side. The material of pipes and fins is
copper because of it is highly thermal conductivity. Four cases of
the internal surface of the annulus side were investigated: No
fins, longitudinal rectangular finned surface, longitudinal
triangular finned surface, longitudinal semi-circular finned
surface. The schematic representation of the four cases of the
internal surface of the annulus side shown in Fig.1. In both
longitudinal rectangular finned surface and longitudinal
triangular finned surface, Four fins are fixed circumferentially on
the internal surface of the annulus side, different fin height (Hf)
of 2.5mm, 5mm, and 7.5mm were used, while fin base width (tf)
kept constant at 1mm. In longitudinal semi-circular finned
surface, different fins radius (r) of 2.5mm, 5mm, and 7.5 mm
were used and Four fins are placed around the thickness of the
outer pipe.
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Fig.1. Schematic representation of the four conditions of the
annulus (a) No. Fins, (b) Rectangular finned annulus, (c)
Triangular finned annulus, (d) Semi-circular finned annulus.

3. Mathematical model

The governing equation of continuity, momentum, and energy
for, three dimensional, incompressible fluid and steady state flow
are summarized as [11]:

The model of k-epsilon is used to treat the influence of
turbulence on the flow. Transport equations in the standard k-¢
model are written as follows [12]:

Turbulence kinetic energy (k) equation:
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Turbulent energy dissipation (¢) equation:
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Where C,=0.09, C,=1.44, C,,=1.92, 5y=1, 5,=1.3
3.1 Boundary conditions

The studied model was subjected to the boundary conditions
as bellow:
1. At the inlets: mass-inlet is set as a boundary condition of inlets
in two cases:
(a) m, is selected as (0.2,0.4,0.6,0.8,1) kg/s and my, kept constant
at (0.3kg/s).

(b) m, is selected as (0.2,0.4,0.6,0.8,1) kg/s and m. kept constant
at (0.3kg/s).

And T,=353k , T,=298k.
2. At pipe walls: no-slip boundary condition is imposed.

3. At the outer walls of heat exchanger: boundary condition of
zero heat is considered.

4. At the interface between the fins and fluid through annulus:
have coupling heat transfer boundary condition.

5. At the outlets: Relative gage pressure is assumed to be zero.
4. Data reduction

To investigate the characteristic of finned and unfinned
double pipe heat exchanger some parameters are need to be
determined [13-17].

Reynolds number and velocities of the tube and annulus side are
defined as follows:
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the heat transfer coefficient of tube and annulus side h;, h, are
calculated from the following equations:

_ MpCPy (T — Tro)

h; = (12
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If there are fins placed on the pipe, the total surface area can be
calculated as:

A = Ays + 45 . (15)

The tube and annulus sides average Nusselt number is
determined as follow:

N — h;Dy,;

. .. (16)
kg
Ji]"o“Dk.o
Nuo = k—f (17)
Overall heat transfer coefficient is determined as follow:
_ Qavg
U= A,,LMTD - (18)
Where:
+ c
Qung = & > ¢ - (19)
And logarithmic mean temperature difference
AT, — AT,
LMTD = - (20)
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5. Numerical analysis

To estimate the fluid flow characteristics and heat transfer,
there is a requirement to solve the equations of mathematical
model by transforming them to algebraic equations using finite
volume method. The continuity, momentum, and energy
equations are integrated and converted to algebraic equations.
The SIMPLE algorithm used to resolve the pressure velocity
coupling. To make sure that the solution has high accuracy, grid
refinement was performed to check the influence of mesh size on
the solution. Mesh refinement have been tested for all studied
cases. Table.1. shows the specified number of elements for the
studied cases.

Table 1 Specified number of elements.

case Number of
element

Unfinned double pipe heat exchanger 011574
Double pipe heat exchanger with rectangular 1137014
fins(H=7.5mm)
Double pipe heat exchanger with triangular 1113778
fins(H=7.5mm)
Double pipe heat exchanger with semi-circular 1176264
fins(r=7.5mm)

Validation

In this study to check the validity, a validation is done by solving
the model that presented by Kumar et al. [1] and compared the
numerical results with the experimental results of [1]. Fig. 2.
Indicates the relation between the cold water outlet temperature
and mass flow rate of hot water for unfinned DPHE. It is
observed that the average error between the results is about
0.215%.

10
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Fig. 2. Validation of the results of [1] with numerical results.

6. Results and discussions

The numerical results that obtained from this study including the
effect of a different configuration of fins on the cold water, hot
and cold water outlet temperature difference, the rate of average
heat transfer, heat transfer rate of cold water, overall heat
transfer coefficient, pressure drop, cold water heat transfer area
over the annulus side pressure drop and Nusselt number in the
annulus side over the annulus side pressure drop are listed as
follow:

Fig.3. shows the relation between cold water outlet temperature
and cold water mass flow rate while hot water mass flow rate
kept constant for semi-circular finned DPHE. This figure
indicates that the cold water outlet temperature increases with the
increase in semi semi-circular fin radius, and fins with a radius of
7.5mm shows better results, this is because when the semi-
circular fin radius increases the heat transfer area is also increase.
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Fig. 3. Changes of cold water outlet temperature versus mass
flow rate of cold water for different configurations of fins.

Fig.4. indicates the relation between the cold water outlet
temperature and mass flow rate of cold water. This figure shows
that cold water outlet temperature decreases when cold water
mass flow rate increases for all cases. Because at a constant hot
water mass flow rate the heat energy that dissipated from inner
pipe kept constant, and when cold water mass flow rate increases
the heat transfer rate increases too, because the turbulence is
increased too. Also, fig.4. shows that the outlet temperature of
cold water for the FDPHE finned pipes is higher compared to
unfinned ones, and semi-circular FDPHE shows better results
compared to other fins configurations, this is due to it is larger
surface area. Semi-circular fins show average improvement in
cold water outlet temperature by 0.21% and 0.24% over the
rectangular and triangular fins.

Fig. 4. variation between the cold water outlet temperature with
cold water mass flow rate for different configurations of fins.
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Fig.5. explains the relation between cold water outlet temperature
and hot water mass flow rate. The figure observed that cold water
outlet temperature for the FDPHE is higher compared to unfinned
DPHE and increases when mass flow rates increases for all cases.
Because the increases in the hot water mass flow rate will
increase the heat energy that dissipated from the inner pipe. Also,
the semi-circular FDPHE has an average improvement in cold
water outlet temperature by 0.48% and 0.53% over the
rectangular and triangular FDPHE.
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Fig. 5. Changes of cold water outlet temperature and hot water
mass flow rate for different configurations of fins.

From fig. 4. and fig .5. It can be seen that to have a better
performance of fins cold water mass flow rate must be low and
hot water mass flow rate should be high.

Fig. 6. indicates the relation of the temperature difference of cold
water and cold water mass flow rate. This figure shows that cold
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water temperature difference, increases when fins are used, and
also this figure shows that the temperature difference decreases
when cold water mass flow rate increase. Because the annulus
side heat transfer area increases when the surface area increases.
The difference in temperature of cold water decreases when mass
flow rate increase. Also, this figure shows that semi-circular
FDPHE has better results compared to other fin profiles, due to it
is larger surface area.

Fig. 6. Variation between the temperature difference of cold
water and cold water mass flow rate for different configurations
of fins.

Fig. 7. presents the relation of the hot water temperature
difference and cold water mass flow rate. This figure that the
difference in temperature increase when cold water mass flow
rate increase, rate due to an increase in velocity. The FDPHE has
a higher difference in temperature compared to the unfinned
DPHE and semi-circular FDPHE shows better results compared
to rectangular and triangular FDPHE because when surface area
increases heat transfer area is also increased.
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Fig. 7. Variation between the temperature difference of hot water
and cold water mass flow rate different configurations of fins.

Fig. 8. shows the relation between the rate of average heat
transfer and cold water mass flow rate . This figure indicates that
when cold water mass flow rate increase the rate of average heat
transfer is also increase for all cases due to increase in the
amount of heat transfer, average heat transfer rate in FDPHE is
more than that of unfinned DPHE, because the surface area is
increased. And also indicates that the average heat transfer for
the semi-circular FDPHE is more than that for rectangular and
triangular FDPHE, due to their larger heat transfer area.
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Fig. 8. Changes of the rate of average heat transfer rate versus
mass flow rate of cold water different configurations of fins for

different configurations of fins.

Fig.9. explains the relation of the rate of heat transfer of cold
water and cold water mass flow rate. This figure indicates that the
rate of heat transfer of cold water increases when cold water mass
flow rate increase, because the increases in cold water mass flow
rate increase the heat transfer amount too, for all cases. Also, this
figure shows that cold water heat transfer for the FDPHE is much
better than the unfinned DPHE, semi-circular FDPHE shows the
best improvement in the heat transfer because the area of heat
transfer in this case is larger than other fins configuration.
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Fig. 9. Changes of the cold water heat transfer versus cold water
mass flow rate for different configurations of fins.

Fig.10. explains the relation between the coefficient of overall
heat transfer and mass flow rate of cold water, this figure
indicates that when cold water mass flow rate increases the
overall heat transfer coefficient increase too, because a large
amount of heat is transferred. For the FDPHE is much higher
than for unfinned pipe, the overall heat transfer coefficient was
highest in the semi-circular FDPHE, due to it is large heat
transfer area.
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Fig. 10. Changes of the coefficient of overall heat transfer versus
mass flow rate of cold water for different configurations of fins.

Fig.11. presents the relation of annulus side pressure drop with
cold water mass flow rate, this figure indicates that the pressure
drop is higher in the FDPHE, and increases when cold water cold
water increase, also for FDPHE minimum pressure drop is in the
case of triangular fin shape and highest pressure drop in semi-
circular fin shape. This is because the area of the cross-sectional
of the annulus side is decreases when the surface area of fins
increases.
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Fig. 11. Variation between the annulus side pressure drop and
cold water mass flow for different configurations of fins.

Fig. 12. represents the relation between the ratio of rate of heat
transfer for cold water and the annulus side pressure drop with
mass flow rate of cold water. This figure shows that (Q/Ap) is
higher for unfinned DPHE because the heat transfer for cold
water and pressure drop are lesser than that for FDPHE, this is
because the area of heat transfer is smaller compare to the finned
ones.
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Fig. 12. Changes of cold water heat transfer rate water and
annulus side pressure drop ratio versus cold water mass flow rate
for different configurations of fins.

Fig. 13. explains the relation of the ratio of Nusselt number in the
annulus side and annulus side pressure drop with cold water mass
flow rate, this figure shows that for FDPHE this ratio is higher
than the unfinned DPHE, this is because the Nusselt number of
the unfinned DPHE is more than FDPHE due to it is high
hydraulic diameter, and low pressure drop due to it is small heat
transfer area.
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Fig. 13. Changes of the Nusselt number in the annulus side and
annulus side pressure drop ratio versus cold water mass flow rate
for different configurations of fins.

Fig. 14. illustrations the temperature contours for unfinned
(DPHE) and (FDPHE), at the hot water inlet and cold water
outlet. It can be seen that the temperature gradients near the tube
wall and fins are quite high, due to enhanced heat transfer. Also,
this figure shows that the semi-circular FDPHE shows better
temperature distribution compared to heat exchanger with
rectangular and triangular fins.

(©)
Fig.14. temperature contour at hot water inlet and cold water
outlet (a) No. Fins (b) Rectangular (c) Triangular (d) Semi-
circular finned annulus. at my=0.3 and m.=0.2kg/s

(d)

Fig. 15. Shows the temperature contours in the cross section for
unfinned (DPHE) and (FDPHE) with rectangular, triangular,
semi-circular and annular fins at axial location of 0, 0.2, 0.4, 0.6
,0.8 and 1m. From the figures, it can be seen that at the entrance
region the inlet temperature of the hot water is maximum and due
to the transfer of heat with cold water through wall and fins its
gradually decreased by moving along the pipe towards the outlet
reaching its lower value.
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Fig.15. cross section temperature contour at z=0, z=0.2, z=0.4,
z=0.6, z=0.8m and z=1m (a) No. Fins (b) Rectangular (c)
Triangular (d) Semi-circular finned annulus. at my=0.3 and
m.=0.2kg/s

Conclusions

In this paper, a numerical analysis was done to investigate the
performance of FDPHE. Fins of different profiles of rectangular,
triangular, and semi-circular were installed in the annulus side.
From the results the following conclusions are obtained:

1.

2.

Regardless of their cross sections, the presence of fins
enhances heat transfer rate.

The impact of installing fins on the thermal
characteristics of the (DPHE) decrease with increasing
mass flow rate.

Fins of Semi-circular cross section gave the better
enhancement in thermal characteristics.

For a constant (m;) and varying values of (m.), semi-
circular finned pipe shows an improvement of 15% in
cold water heat transfer rate over rectangular finned pipe
and 16.8% over the triangular finned pipe. For a
constant (m;) and varying the (m;) semi-circular finned
pipe shows an improvement of 21.1% over rectangular
finned pipe and23.8% over the triangular finned pipe in
cold water heat transfer rate

Nomenclature

Dn
A

S

hydraulic diameter, m
cross sectional area , m?
wetted perimeter , m
surface area, m?

specific heat , J/kg K

fluid thermal conductivity , W/mK
surface temperature, k

mean temperature, k

heat transfer rate ,W

nusselt number

thickness of fin, m

Fin height, m

Fin length , m

Radius of semi-circular fin, m
Fins number

Fin surface area , m?

unfiinned part surface area , m?

Greek symbols

p
u

density , kg/m®
dynamic viscosity , kg /m s

Abbreviation

DPHE
FDPHE

double pipe heat exchanger
finned double pipe heat exchanger
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