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significantly improves the proficiency of heat exchangers for
obtaining higher proficiency, light weight, lower cost, and
reduce the size to the lowest possible extent. Many
experimental and numerical studies had been devising to
enhance the heat transfer from the wall in heat exchangers
with the working fluid. Passive method is one of the
techniques. This approach consists of inserting an element
inside the tube in order to generate vortex flow and rapid
mixing with the high turbulent flow. The inserts in tube heat
exchanger with various geometrical outlines are commonly
utilized to augment the rate of heat transference in several
engineering purposes, for instance, air conditioners and
refrigerators, internal coolers of gas turbine blades, chemical
reactions, heat regeneration, gas-cooled reactors, processing
of food and dairy products, boilers and heat recovery.

Abstract
The effect of an inclined vortex rings inserts used to boost the
convective heat transference of turbulent flow in a spherical
tube was studied numerically. Numerical simulation was
utilized to attain Nusselt number and coefficient of skin
friction. Finite Volume Method was used to solve the
equations ofcontinuity, momentum and energy. The upper and
the lowest walls of the tube are heated by an even heat
fluctuation limit condition, the left side of the pipe is exposed
to speed inlet, while the right one is exposed to pressure
outlet. Several constraints were changed to pinpoint their
impact on the Nusselt number on the wall, coefficient of skin
friction, flow assembly and temperature field in the tube.
These constraints are Reynolds number,ratio P/D=0.5, 1and 2,
slant angle (α = 45° ) and pitch distance of inclined ring
inserts (P = 25, 50 and 100 mm). This study covers the
Reynolds number range of 5000 to 25000.From the outcomes,
it is seen that Nusselt number is amplified by about 4 folds for
the inclined vortex rings inserts than that of the plain tube,
which confirms that the inclined vortex rings inserts has a
good effect on the heat transfer enhancement. The skin
friction coefficient is augmented by using inclined vortex
rings inserts in the tube. The maximum coefficient of skin
friction of the boosted tube is about 10 folds that of the
smooth tube. The maximum value of Nusselt number can be
achieved by using a lower pitch ratio P/D=0.5 with a
relatively minor pitch (P=25mm).The maximum value of the
coefficient of skin friction for all cases is found when the
pitches ratio P/D=0.5and pitch is P=25mm.The Nusselt
number considerably amplified while raising Reynolds
number.

San et al. 2015 [1] studied the fall of pressure and thermal
transfer of hydro flow and air flow in smooth tubes implanted
with coiled-wire. The inner (p/d) and (e/d) ranged from 1.304
to 2.319 and 0.0725 to 0.134, respectively.
It has been found that (Nu) increases when the e/d value
increases. It also rises when the p/d value decreases. Because
air performs as the working fluid, the wire coil’s thermal
transferring improvements ’’reliance upon the Reynolds
number (Re) is proved to be slight; in instances when water
performs as the working fluid, there would be a substantial
drop in the thermal transferring augmentation as the Re value
go up. There is a double-fold proposal for empirical equations
on thermal transfer: the first for water and the second for air.
For both sides, an equation for common fluid friction shall be
formulated. For an active and proficient thermal transfer
augmentation, these values for the wire coil were introduced:
for air, 0.101 (e/d) and 2.319 (p/d), meanwhile, for water,
0.101 (e/d) and 1.739 (p/d), respectively.

Keywords: Heat exchanger, simulation, vortex ring insert,
numerical investigate, 2d simulation

Promvonge 2010 [2] has conducted a study to test the impact
of introducing wire coils supplemented by twisted tapes on the
friction of turbulent flow and thermal transference features
under an undeviating thermal flux. Air was used as a fluid. A
turbulator was implanted n the test tube wire coil and then into
the wire coil, a twisted tape was implanted to produce a

INTRODUCTION
This Forced convection heat transference in a tube heat
exchanger has drawn the attention of numerous studies during
the last twenty years. The topic of HTE in the heat exchanger

9605

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 20 (2017) pp. 9605-9613
© Research India Publications. http://www.ripublication.com
persistent impinging swirl flow across the wall of the tube. Re
has rised from 3,000 to 18,000.
Study of by García et al. 2013 [3] showed that the experiment
revealed that the thermal transfer has doubled after using wire
coils supplemented by twisted tapes if compared to using wire
coil/twisted tape unaided. Greater thermal transference was
reached by means of the system which mixed twisted tape and
wire coil with smaller ratios of twisted tape and coil pitch if
compared to higher ratios of twist and coil pitch ones at
similar conditions. Moreover, the functioning assessment
criteria have been introduced to evaluate the actual advantages
of using both wire coil and twisted tape in the augmented tube.
Kumar et al. 2016 [4] has conducted a comparative enquiry
concerning some insert geometries that are widely utilized.
The geometry selected for this study is made up of a set of
surface modifications, core fluid disturbance, and a mixture of
both. Various geometries considered include twisted tape,
twisted tape (with ring), twisted tape (with conical rings),
multiple twisted tape, circular band, among others. It adopted
air as a working fluid under turbulent flow system.

attained with RB=0.1 and RP=1.5. Moreover, the undergoing
thermal transferring mechanism within the tested duct with
DFT inserts and the flow assembly was approached by
performing a numerical simulation.
Azari and Derakhshandeh 2015 [10] has examined the
turbulent and laminar areas. In a tube with butterﬂy tube
inserts (BTI), a couple of generalised regression equations
were formulated for the Nu in the range of 750<Re<8,500 and
friction factor with 800<Re<8,000.
The study revealed that the Nu may be risen remarkably by
using BTI in the tube with a maximum of about 345% Nusselt
augmentation at Re=1500, X/D=187.09 to obtain NVC of
0.027% alumina nano ﬂuid. Furthermore, arise in NVC in
nano ﬂuids by up to 0.25% caused a upsurge in thermal
transferring functioning. Nevertheless, additional increment in
the NVC levels up to 2.5% caused a depression in thermal
transferring functioning. This was resulted from reducing Re
by NVC with a constant ﬂow velocity.
One of these applications is the utilization of the HTE
turbulator elements for maximizing the coefficient of thermal
transference from the flow surface via increasing the turbulent
movement. In the previous studies, different types of inserts
used to enhance the heat transfer such as louvered stripe,
twisted tapes, turbulent/swirl flow tools, coil wire and helical
wire coil. Newly, the fresh idea in supplementing the thermal
transfer with inclined vortex rings inserts will be numerically
investigated. The inclined vortex rings inserts may stimulate a
swift mixing; higher rates of turbulent and vortex flow which
has been investigated experimentally by Promvonge et al.
2014 [2].

Deshmukh and Vedula 2014 [5]The ‘‘single twisted tape
insert” exhibited the greatest heat performance factor and the
‘‘twisted tape with circular ring” exhibited the greatest overall
heat transfer rate. Future aspect is similarly anticipated: this
involves perforating the circular ring which triggers a decline
in the value of friction factor due to the less flow blocking.
Eiamsa-Ard et al. (2012) [6] studied the effect of the
introduction of tandem wire coil elements to act as turbulator
for thermal transfer and also to determine the turbulent flow
friction properties in a undeviating heat flux square duct. The
study sought to characterize the turbulent flow as the
Reynolds number moved up from 4,000 to 25,000.

This topic has drawn a notable attention for the sake of getting
higher effectiveness, lower cost, smaller size, and lightweight.
For automotive industry, a further advantage might be realized
like the smaller size of radiators which tend to take a smaller
forward area of the automobile which consequently
diminishes the drag force and reduces the consumption of fuel.
Some engineering usage shave drawn a massive attention for
improving the thermal transfer functioning of thermal
exchangers. A traditional thermal exchanger has been
enhanced via serving augmentation methods with focusing on
various kinds of superficial augmentation. Augmenting the
thermal transfer may be accomplished through the disruption
of the boundary layer growth, rising the turbulence intensity,
and producing secondary flows. Thermal transfer enhancing
techniques are either active or passive (Reay, 1991)
[9] .Hence, HTE is applied to minimize the size for thermal
exchanger to meet the surge in the demand for power
generation and the growing fuel cost for power plants. In
addition, the greenhouse effect encouraged the use of the THE
to enhance the effectiveness and the thermo-hydrodynamic
functioning of thermal exchangers, which enhance the total
thermal proficiency of power plants.

The study of Prasad et al. 2015 [7]. revealed that thermal
transfer and friction loss risen expressively by utilizing wire
coil inserts for full-length coil, 1D and 2D coil elements
having a short free-space length. Greater thermal transference
and friction factor were attained by the full-length wire coil if
compared to the tandem wire coil elements, under the same
operating conditions. Furthermore, criteria of performance
assessment were identified to assess the actual advantages of
the introduction of wire coil insert into the square duct.
Noothong et al. (2015) [8] conducted a numerical and
experimental study to examine the augmentation of thermal
performance for a fixed thermal fluxed square-duct inserted
diagonally with 45° discrete V-finned tapes (DFT).
The study indicated that the increment of RB caused an
escalation in the values of friction factor and thermal
transference with DFT inserts but it caused a drop in RP
values. The greatest thermal transference and friction factor
were attained after inserting square-duct at RB=0.2 and
RP=0.5, meanwhile the greatest thermal performance was
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The main objective of this study is finding the effects of
geometrical parameters of inclined vortex rings with slant
angles α (45º) and different ring pitch ratios (PR = P/D = 0.5,
1.0, 2.0) on the thermal and flow fields and to examine the
impact of various Reynolds numbers Re in the array of 500025000 on the thermal and flow fields.

B. Meshing and modeling
CFD can be studied through utilizing commercial software.
FLUENT is a well-known software used to model and
simulate fluid flows and thermal transference aspects for
solving the fluid equations and producing the needed solutions.
ANSYS is pre-processor is another software known as
GAMBIT, which builds and applies the mesh on the
geometrical depiction of the problem under investigation.
Both processing and post-processing phases are performed by
FLUENT.

METHODOLOGY
A. Operating parameters
Schematic diagrams tube thermal exchangers fitted with
frontal arrangements of inclined vortex rings inserts display in
Figure 3.3. The length of the rings insert is (b=10mm). The
slant angle (α =45°) tube diameter (d=50mm) thickness of
ring insert (t = 1.5mm) are examined in the current study. The
dimension of the tube L =2000 mm and pitch p =25, 50,100
mm, respectively. Thermal conduction in the VRs insert
omitted. The thickness of solid walls is also omitted. The slant
angle (α = 45°) used this Numerical investigation in current
study instead of slant angle 30 examined experimentally by
Promvonge et al. (2014). The effect of inclined rings inserts
used to augment the convective thermal transfer of turbulent
flow in tube heat exchanger inclined rings inserts. However,
the angle 45° provide high pressure that leading to increasing
the pumping power

The meshed model uses the elements of Tri type pave in
complicated areas and Quad type pave in the rest areas.
FLUENT provides complete mesh flexibility with amorphous
meshes and it may be polished or roughened the grid
depending upon the flow solution .Once the grid had been
read into FLUENT.

Figure 2: Tube heat exchanger with inclined vortex rings
inserts set into mesh

C. Assumptions and initial Requirements
The boundary requirements for the current problem identified
for tube heat exchanger equipped with forward arrangements
of inclined VRs inserts. The upper and lower walls are
exposed to steady thermal flux while the left side is exposed
to velocity inlet and the right side is exposed to pressure outlet.
The rate of thermal flux of 10,000 𝑊 ⁄𝑚2 exposed at the upper
and lower walls of the tube thermal exchanger. The turbulence
model is very important to accommodate the flow behavior of
each application. So that an accurate prediction can be
attained in the globular tube, the standard 𝑘 − 𝜀 turbulence
model, the Renormalized Group (RNG) 𝑘 − 𝜀 turbulence
model have been chosen. The time-bound incompressible
Navier-Stokes equations and the turbulence model analysis
solved through finite volume approach. In order to assess the
pressure field, the pressure-velocity coupling algorithm Semi
Implicit Method for Pressure Linked Equations(SIMPLE) has
been chosen. At the inlet, fully developed velocity profile was
imposed. The turbulence intensity kept at 1% at the inlet. The
solutions a recombined when the normalized residual values
reach 10-4for all variables.

Figure 1: Schematic diagram of a tube heat exchanger with
inclined vortex rings inserts
Governing equations (continuity, momentum, and energy)
should be set in order to conduct the CFD investigation of
tube thermal exchangers with inclined VRs inserts. The
phenomenon under investigation conditioned by the steady 2D
from of the continuity, the time-averaged incompressible
Navier-Stokes equations and energy equation.
Continuity equation:
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RESULTS

180

A. Code validation

170

Promvonge et al. 2014 [2] have conducted study for validating
the numerical model. They experimentally examined the
impact of inclined vortex rings on the thermal transfer
enhancement in a spherical tube."The study experimentally
examined the impact of tilted vortex rings (VR) on thermal
transfer enhancement in a steady thermal fluxed tube. The 30º
tilted VRs were fitted repetitively inside the tube with
different geometrical parameters of the VR, three relative ring
width ratios (BR =b/D= 0.1, 0.15 and 0.2) and four relative
ring pitch ratios (PR = P/D =0.5, 1.0, 1.5 and 2.0). The
experimental work was done in an open-loop experimental
tool. The loop was made up of a blower, orifice meter to
gauge the flow rate and the thermal transfer test tube with VR
insert. The length of the copper test tube was 2000 mm, with
inner diameter of 50 mm, and thickness of 1.5 mm.
Comparing the existing outcomes of Nusselt number with
Reynolds number with the outcomes of Promvonge et al. 2014
[1] illustrated in Figure.1."
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Figure 4: Grid Independence Test

C. Effect of pitch ratio P/D=0.5
The numerical study conducted in a tube equipped with tilted
vortex rings using air as a test fluid in this case. The tilted
vortex rings arrangement mounted along the test tube having
slope (α) of 45° with the axial direction. Figure.2 illustrates
the changes in Nusselt number while changing Reynolds
number at slope of (α) of 45° for vortex rings inserts. It is
noted that the Nusselt number is proportionate to Reynolds
number. It also found that the Nusselt number for tubes with
tilted vortex rings was greater than plain tubes. This might be
attributed to the powerful turbulence intensity produced by
vortex rings, which leads to quick mixing of the flow
particularly at pitch ratio P/D=0.5.

250
Numerical results
experimental results

225

200

175

Nu

150

150
250

125

P/D=0.5
Plain tube

225
200

100

175

75
150

10000

15000

20000

25000

Nu

5000

Re

125
100
75

Figure 3: Comparing of the current outcomes (numerical
results) with the experimental outcomes of Promvonge et al.
(2014).

50
25
0

5000

10000

15000

20000

25000

Re

Figure 5: Variation of the Nu with Re for plain tube and tube
with vortex rings inserts at pitch ratio P/D=0.5and slant angle
(α) of 45°

B. Grid independent test
case RE=15000 , P/D=0.5
Based on the outcomes, it is seen that, the Nu is proportionate
to the number of faces, and the Nu was 170 when number of
faces was497164. Moreover, there is no change in Nu when
number of faces increasing to

The alterations of skin friction coefficient with Reynolds
number for plain tube and tube with vortex rings inserts at
pitch ratio P/D=0.5 and slope of (α) of 45° are shown in
Figure.3. It is noted that the coefficient of skin friction is
disproportionate with Reynolds number. The coefficient of
skin friction of the augmented tube increased little relative
with the plain tube.

424262and 417262 .
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Figure 6: Variation of the skin friction coefficient with Re for
plain tube and tube with vortex rings inserts at pitch ratio
P/D=0.5and slant angle (α) of 45

Figure 9: (Top) Velocity(m/s) and (Bottom)Temperatures
(k),P/D=0.5 , Re=15000

The effect of vortex rings inserts at pitch ratio P/D=0.5 and
slant angle (α) of 45° in tube on the streamlines and isotherms
at different Reynolds number 5000-25000 are presented in
Figure.4, 4.5, 4.6, 4.7 and 4,8. From these figures, it is clearly
found that the powerful mixing or elevated turbulence flow
behind the vortex rings inserts provides many vortices which
increases with increase the slant angle. The greatest mixing
flow and vortices we rerecorded at slope of (α=45°).

Figure 10: (Top) Velocity(m/s) and (Bottom)Temperatures
(k),P/D=0.5 , Re=20000

Figure 7: (Top) Velocity(m/s)and (Bottom)Temperatures(k)
P/D=0.5 , Re=5000

Figure 11: (Top) Velocity(m/s) and (Bottom)Temperatures
(k),P/D=0.5 , Re=25000

D. Effect of pitch ratio P/D=1
The numerical study was conducted in a tube equipped with
tilted vortex rings using air as a test fluid in this experiment.
The tilted vortex rings assembly was positioned along the test
tube having with a slope of (α) of 45° with the axial direction.
Figure.9 highlights the alteration in Nusselt number with

Figure 8: (Top) Velocity(m/s) and (Bottom)Temperatures
(k),P/D=0.5 , Re=1000
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Reynolds number at the slope of (α) of 45° for vortex rings
inserts. It can be seen that the Nusselt number is proportionate
to Reynolds number. It is also found that the Nusselt number
for tube with tilted vortex rings is greater than plain tube. This
might be attributed to the powerful turbulence intensity
produced by vortex rings, which results in quick mixing of the
flow particularly at pitch ratio P/D=1.

flow behind the vortex rings inserts provide many vortices
which are proportionate to the slant angle. The greatest
mixing flow and vortices were recorded the slope of (α=45°).
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Figure 1: (Top) Velocity(m/s) and (Bottom)Temperatures (k),
P/D=1 Re=5000
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Figure 12: Variation of the Nu with Re for plain tube and
tube with vortex rings inserts at pitch ratio P/D=1and slant
angle (α) of 45.

The alterations in the coefficient of skin friction with
Reynolds number for plain tube and tube with vortex rings
inserts at pitch ratio P/D=1 and slant angle (α) of 45° are
shown in Figure. 4.10. It is noted that the coefficient of skin
friction is an inverse proportionate to Reynolds number. The
coefficient of skin friction of the augmented tube increased
little relative with the plain tube

Figure 2: (Top) Velocity(m/s) and (Bottom)Temperatures (k),
P/D=1 Re=10000
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Figure 3: (Top) Velocity(m/s) and (Bottom)Temperatures
(k), P/D=1 Re=15000
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Figure 13: Variation of the skin friction coefficient with Re
for plain tube and tube with vortex rings inserts at pitch ratio
P/D=1and slant angle (α) of 45°.

The effect of vortex rings inserts at pitch ratio P/D=1and slant
angle (α) of 45° in tube on the streamlines and isotherms at
different Reynolds number 5000-25000 are presented in
Figures 4.11, 4.12,4.13,4.14 and 4.15.From these figures, it is
clearly found that the powerful mixing or elevated turbulence

Figure 4: (Top) Velocity(m/s) and (Bottom)Temperatures
(k), P/D=1 Re=20000
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Figure 58: (Top) Velocity(m/s) and (Bottom)Temperatures
(k), P/D=1 Re=25000

Figure 7: Variation of the skin friction coefficient with Re for
plain tube and tube with vortex rings inserts at pitch ratio
P/D=2and slant angle (α) of 45°.

E. Impact of pitch ratio P/D=2
The numerical study was conducted in a tube supplemented
with tilted vortex rings using air as a test fluid in this
experiment. The tilted vortex rings arrangement was fixed
along the test tube having slope of (α) of 45° with the axial
direction. Figure.16 illustrates the alterations in Nusselt
number with Reynolds number at slope of (α) of 45° for
vortex rings inserts. It is found that the Nusselt number is
proportionate to Reynolds number. It also found that the
Nusselt number for tube with tilted vortex rings was greater
than that of the plain tube. This might be attributed to a
powerful turbulence intensity produced by vortex rings which
leads to quick mixing of the flow particularly at pitch ratio
P/D=2.

The effect of vortex rings inserts at pitch ratio P/D=2 and slant
angle (α) of 45° in tube on the streamlines and isotherms at
different Reynolds number 5000-25000 are presented in
Figure.18, 4.19, 4.20, 4.21 and 4.22.From these figures, it is
clearly found that the powerful mixing or great turbulence
flow behind the vortex rings inserts provides many vortices
which are proportionate to the slant angle. The greatest
mixing flow and vortices was recorded at the slope of (α=45°).
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Figure 21: (Top) Velocity(m/s) and (Bottom)Temperatures
(k), P/D=2 Re=5000
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Figure 6: Variation of the Nu with Re for plain tube and tube
with vortex rings inserts at pitch ratio P/D=2and slant angle (α)
of 45°.

The alterations in the coefficient of skin friction with
Reynolds number for plain tube and tube with vortex rings
inserts at pitch ratio P/D=2 and slant angle (α) of 45° are
shown in Figure.17. It is noted that the coefficient of skin
friction is inversely proportionate to Reynolds number. The
coefficient of skin friction of the augmented tube increased
little relative with the plain tube.

Figure 22: (Top) Velocity(m/s) and (Bottom)Temperatures
(k), P/D=2 Re=10000
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the powerful vortices of flow which creates more effective
flow mixing between the fluid at the core and the tube wall.
These two flow phenomena boost an rise in the intensity of
turbulence.

DISCUSSION
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Figure 23: (Top) Velocity(m/s) and (Bottom)Temperatures
(k) , P/D=2 Re=15000
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Figure 9: Variation of the Nu with Re for plain tube and tube
with vortex rings inserts at different pitch ratio P/D=0.5,1 and
2 and slant angle (α) of 45°.

The result of simulation are presented in terms of Nusselt
number, skin friction coefficient plots with different
parameters, streamlines and iso therms. All the present results
are based on the turblant convection flow in tube with vortex
rings inserts at different pitch ratio P/D=0.5,1 and 2 and slant
angle (α) of 45°.The effect of vortex rings inserts on Nu, skin
friction coefficient were investigated Numerically by using
CFD software. The results can be fully utilized in many
engineering applications in order to design heat exchanger
with maximum heat transfer enhancement and reduce the cost
and size of heat exchanger.

Figure 24: (Top) Velocity(m/s) and (Bottom)Temperatures
(k), P/D=2 Re=20000
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Figure 8: (Top) Velocity(m/s) and (Bottom)Temperatures (k),
P/D=2 Re=25000
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Figure.23 depicts all the data in order to compare the effect of
vortex rings inserts at different pitch ratio P/D=0.5,1 and 2
and slant angle (α) of 45° on Nusselt number at different
Reynolds number. From this figure it isfound that the
maximum Nusselt number can be achieved by using a lower
pitch ratio P/D alongside a relatively minor pitch
(P=25mm).The use of the vortex rings inserts in tube offers (i)
powerful mixing or turbulence flow ahead of the vortex rings
which result in destructing the thermal boundary layer and (ii)
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Figure 10: Variation of the skin friction coefficient with Re
plain tube and tube with vortex rings inserts at different pitch
ratio P/D=0.5, 1 and 2 and slant angle (α) of 45°.

9612

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 20 (2017) pp. 9605-9613
© Research India Publications. http://www.ripublication.com
[6] Eiamsa-Ard, S., & Promvonge, P. (2011). Influence of
double-sided delta-wing tape insert with alternate- axes
on flow and heat transfer characteristics in a heat
exchanger tube. Chinese Journal of Chemical
Engineering, 19(3), 410-423.

CONCLUSION
An inclined vortex rings inserts were utilized to enhance the
convective thermal transfer of turbulent flow in a circular tube
with steady thermal flux on the top and bottom walls. The
Nusselt number and the coefficient of skin friction obtained
by a numerical simulation. These are the conclusions drawn:
1.

The Nusselt number augmented by around 4 times
for the inclined vortex rings inserts than that of the
plain tube, which confirms that the inclined vortex
rings inserts have a good impact upon the heat
transfer augmentation.

2.

The coefficient of skin friction is inversely
proportionate to Reynolds number.

3.

The coefficient of skin friction of the augmented tube
increased little relative with the plain tube.

4.

The maximum Nusselt number can be achieved by
using a lower pitch ratio P/D=0.5 together with a
relatively small pitch (P=25mm).

5.

The maximal coefficient of skin friction for all cases
is found when the pitches ratio P/D=0.5and pitch is
P=25mm.

6.

[7] Prasad, P. D., Gupta, A. V. S. S. K. S., Sreeramulu, M.,
Sundar, L. S., Singh, M. K., & Sousa, A. C. (2015).
Experimental study of heat transfer and friction factor
of Al 2 O 3 nanofluid in U-tube heat exchanger with
helical tape inserts. Experimental Thermal and Fluid
Science, 62, 141-150.
[8] Noothong, W., Suwannapan, S., Thianpong, C., &
Promvonge, P. (2015). Enhanced heat transfer in a heat
exchanger square-duct with discrete V-finned tape
inserts. Chinese Journal of Chemical Engineering,
23(3), 490-498.
[9] Reay, D. A. (1991). Heat transfer enhancement-a
review of techniques and their possible impact on
energy efficiency in the covery Systems and CHP,
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[10] Azari, & Derakhshandeh, M. (2015). An experimental
comparison of convective heat transfer and friction
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The Nusselt number is considerably proportionate to
Reynolds number, Re in the range of 5000-25000
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