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Abstract

There are various industries, each of them is concerned with heat transfer, and in many cases, their goal is to increase
the rate of heat transfer. In this study, one, two or four injection jets were used together for cooling and the results
were compared in terms of the average Nusselt number. In the following, by placing the twisted tape at different angles
of 180◦, 360◦ and 720◦ in the injection jet, the average Nusselt number and the minimum and maximum temperature
were checked. The results showed the diameter of the fluid outflow from the nozzle increases by moving away from the
jet opening and approaching the hot plate due to the pressure distribution. When we using two jets in the vicinity,
the Outputs from each vortex is created in this place. When using four jets, the outflow from the jet hits the hot
plate and creates vortices. With increase in the number of jets, the Nusselt number and the maximum temperature
on the hot surface also increase. The results showed that the average Nusselt number with the angle of the twisted
strip that is placed inside the rotating jet tube increases at 180◦ and decreases at 720◦ and 360◦. In all cases using
twisted strips, the maximum and minimum temperatures of the hot plate are higher than when the non-rotating jet
is injected on the hot plate. As the jet-to-plate spacing plate increases, the Nusselt number decreases.
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1 Introduction

Increasing the rate of heat transfer is important in various industries that are especially Involved with the problem
of heat transfer. In many cases, jets are used that are injected on a plate and thus the heat transfer rate is changed.
In addition to simple jets injected with different sections, jets can be considered as twisting, so that the fluid is rotated
around the axis passing through the center of the jet before exiting the jet outlet nozzle. Therefore, changes in the
heat transfer rate have been created that can be used by different industries. The outflow from the jet has different
applications in different industries. Sometimes the energy output from the jet is used to move the plane and launch
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rockets. In some cases, the exit jet is used to spread the pollutant, like what is seen in different power plants. In some
cases, the jet used to cool the surfaces in such a way that by injecting the jet on a hot plate, it causes changes in the
hydraulic and thermal boundary layer formed on the surface and heat transfer increases. Figure 1 shows how a jet is
injected on a hot surface.

Figure 1: Exiting jet from the nozzle that is injected on the plate

During jet injection on a plate, different regions of the flow field can be divided into different regions. As the
flow exits the nozzle, the potential core is first formed, where the flow exiting from the less jet is less affected by the
surrounding environment. As the jet penetrates the fluid, the outgoing jet is affected by the surrounding fluid. This
region is known as free jet region because the wall has not yet affected the jet and Whatever that is happens is the
result of the reaction of the jet to the surrounding fluid. In the free zone, it can be seen that the Cross-sectional area
of the jet undergoes changes and becomes wider. As the jet approaches the wall, an area known as the affected area is
created. Here the jet go near the wall and its movement is influenced by the wall. Therefore, the cross-sectional area
grows faster and the jet exits deflected. At the point where the jet hits the wall, there is a stagnation point where the
fluid coming out of the nozzle stops and its speeding becomes zero. The wall causes the direction of the jet to change
and a wall jet is created that moves away from the center of the injected jet along the wall.

Jet injection topic causes the temperature boundary layer formed on the surface to lose its shape and become
unstable. Also, with the local increase of the fluid velocity in the vicinity of the surface, the displacement heat transfer
coefficient increases and therefore the heat transfer rate increases. The jet can be injected on the hot surface in
different ways. One of the types of jet is the twisting jet, in which the fluid rotates before exiting the nozzle during a
twisting movement and then leaves the nozzle. It is shown in fig 2 how to help create the rotational movement of the
jet by digging the grooves with different angles. In this figure, a specific example of the inner wall of the twisting jet
and different shapes are considered for this purpose.

Figure 2: The inner wall of the nozzle to create twisting motion

The twisted jet can cause changes in the physics of the flow, which causes changes in the heat transfer rate. The
flow field and temperature resulting from jet injection on the hot plate can be strongly affected by the number of
grooves, the depth of the grooves, and the angle of the grooves. Also, the Reynolds number that the fluid exits from
the jet is very effective, and at different twisting angles of the jet, the fluid with different velocity exiting the nozzle
has different performance.
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2 Literature review

Jambunathan et al. [5] conducted a review study regarding the issue of jet injection on a hot plate. They
investigated the jet with different Reynolds in the range of 5000 to 124000 in such a way that the distance of the hot
plate to the nozzle was changed in the range of 1.2 to 16 times the diameter of the nozzle. They showed the Nusselt
number increases as the Reynolds number increases in all cases. In another study by Martin [11], the cooling of a
plate by injection jets was investigated. He stated that two different types of jets are used for cooling a plate, which
are plate jets and nozzles with different cross-sections. The jets are placed in a different arrangement with respect to
the screen and are injected on it. Heat transfer from the plate depends on different parameters. Such as the speed,
the type of fluid that comes out of the jet, or the geometric shape and configuration of the jet that is injected on the
plate. Lightell and Webb [11] investigated the flow and heat transfer resulting from jet injection on a flat plate in such
a way that the distance between the plate and the nozzle was less than the diameter of the nozzle outlet. In the study,
it is shown that the Nusselt number changes as a function of Reynolds number. They obtained the Nusselt number
locally and at different radial distances from the point of impact of the jet to the plane. Lee et al [9] investigated the
effects of nozzle diameter on fluid flow and heat transfer in such a way that the jet exiting from a nozzle with a circular
section is injected on a plate with a constant flux. They measured the temperature of the hot surface experimentally.
Reynolds number of the fluid exiting from the nozzle was considered equal to 23000 and a uniform flux was applied
on the hot plate. The diameter of the nozzle varied between 1.36 and 3.40 cm, and the distance between the nozzle
and the screen varied between 2 and 14 times the diameter of the nozzle opening. They showed that increasing the
diameter of the nozzle increases the rate of heat transfer in the stagnation region. Goldstein and Franchett [3] In an
experimental study,addressed the issue of heat transfer and fluid flow near a flat plate in the condition that a fixed
heat flux was applied to the plate and even injected on it. They considered the jet at different angles and with the
numerous technique report the numerical value of the temperature on the surface. They showed that the point on
the plate with the maximum heat transfer is shifted by changing the angle of the jet from the point of contact of the
jet with the plate. Koseoglu & Baskaya [6] The flow and heat transfer of the fluid on a plate were investigated in
the case that the jet was injected from the nozzle with different sections on the plate. The cross section of the nozzle
has different circular, oval and rectangular shapes. 9 different jets are considered from which the fluid is discharged
and injected on the plate. The study is carried out in two experimental and numerical modes, and in its numerical
method, turbulence equations are used to simulate the phenomenon of turbulence in the flow. Xu et al [18] investigated
a two-dimensional model of a strip jet whose geometry is shown in Fig 3.

Figure 3: Geometry and computational space related to slot jet injection [14]

The outflow from the jet is considered as a pulse that change with time changes. In this case, the Nusselt number
changes in a wide range of Reynolds number, oscillation frequency and the distance from the nozzle to the plate.
Weigand and Spring [15], investigated the heat transfer from a plate where a large number of jets are injected together
on the plate. The results of this study showed that the Nusselt number fluctuates when moving on the hot plate
because at some points on the plate, the jet is directly injected, which leads to an increase in the Nusselt number in
the surrounding area, and with the distance from the center of the jet injection, The Nusselt number will decrease.
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Molana and Banooni [11] showed that the shape of injected jet on the plate is strongly influenced by the boundary
conditions governing it. When the liquid jet is injected on the plate, liquid droplets are formed, which reduces this
phenomenon of heat transfer. This is while gas jet injection does not lead to the creation of particles. It is shown in
Fig 4 that in an injection jet on a hot plate, the rate of heat transfer increases with the increase of Reynolds number,
and it is also seen that the use of nanofluid with a higher concentration leads to an increase in heat transfer.

Figure 4: Changes of nusselt number compared to Reynolds number and nanofluid concentration [18]

It is shown in Fig 5 that the increase in Reynolds number and concentration of nanofluid increases the pump power.
Therefore, in the problem related to the increase of Reynolds number and concentration of nanofluid, two parameters
of increase of Nusselt number and increase of pump power should be investigated at the same time.

Figure 5: Changes in power required to pump jet fluid with increasing Reynolds number and nanofluid concentration [9]

Nanan et al. [14] investigated the heat transfer from a plate in such a way that a jet is injected on it. They placed
two strips in the jet before injection and twisted the strip at different angles in the jet to show how the heat transfer
and flow pattern are affected by the twisting of the strips in the jet. The results showed that for smaller distances from
the jet to the plate, the effects of twisting on heat transfer are feeling more. Ianiro and Cardone [4] investigated the
effects of rotating jet on heat transfer from a plate. They obtained their results for a Reynolds number of 28,000 and
evaluated the fluid at different swirls while varying the jet-to-plate distance. Their results showed that the rotating
jet reduces the heat transfer in all cases, while the results showed a more uniform heat transfer from the surface due
to the rotation of the jet. Le et al. [8] investigated the heat transfer from a plate in a state where a twisting jet is
injected on it. They obtained their results in the case where the nanofluid exit jet was with different concentrations.
The results showed with the increase in nanofluid concentration, the rate of heat transfer from the plate increases.
Barrau et al. [1] investigated the outflow from the jet in such a way that the geometric shape of the jet aperture was
considered different. The results of the flow and heat transfer parameters in the channel were investigated in the case
where different configurations were considered for the jet outlet.Nakharintr et al. [12] investigated the effects of the
distance between the jet and the plate on the heat transfer and the way it hits the plate. They considered a laboratory
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system as shown in Fig 6.

Figure 6: Laboratory device of Nakharintr et al [12]

It is shown in fig 7 that with the increase of the mass flow out of the nozzle, the Nusselt number on the plate
increases.

Figure 7: Nusselt number changes in relation to the mass flow of the jet [12]

Fig 8 shows the effects of nanofluid concentration and fluid output from the jet on pressure drop. As can be seen,
with the increase in mass flow rate and concentration of nanofluid, we will see that the pressure drop increases.

Figure 8: Changes in pressure relative to the mass flow of the jet [12]

According to fig 9, it can be seen that the pressure drop decreases as the distance of the jet from the screen
increases.They showed that, in general, the Nusselt number and pressure drop show different behaviors with respect
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to different parameters.

Figure 9: Changes in pressure drop in relation to the mass flow of the jet and the ratio of the distance of the jet from the plate to its
diameter [12]

In their study, Le et al. [8] investigated the exit jet from an orifice in a way. This study was focused on two parts,
in the first part, the exit jet was investigated at different distances from the exit. They investigated the jet at three
different distances as shown in fig 10.

Figure 10: The jet studied by Le et al, with different distances from the jet exit [7]

Fig 11 shows how the velocity of the fluid exiting the jet changes with the distance from the plate. For this purpose,
three different axes have been considered for measurement and the fluid velocity has been calculated on these axes.
These axes are located at different distances from the symmetry axis of the jet. It can be seen that by moving away
from the jet, the velocity of the fluid changes and decreases a lot. Also, can be seen that by moving away from the
axis of symmetry of the jet, the velocity of the fluid decreases slightly.
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Figure 11: Changes in jet speed at different distances from the axis of symmetry of the jet [18]

Fig 12 shows the temperature contour changes at different distances from the axis of symmetry of the jet. For this
purpose, a wall is considered at different distances from the jet axis, on which the fluid exiting from the jet moves.
As can be seen, by moving away from the axis of symmetry of the jet, a wider area is affected by the fluid flow and
therefore the temperature decreases in a larger area.

Figure 12: Temperature contour changes at different distances from the jet symmetry axis [18]

Naphon et al [14] built a laboratory device whose purpose was to investigate the heat transfer caused by jet injection
on a plate. They considered a jet of different diameter injected on a hot plate fixed at a certain distance from the jet.
In their studies, they used nanofluid with different concentration to show how the concentration of nanofluid will affect
the heat transfer regime in different geometrical conditions.Fernandez et al. [2] used the complete solution approach of
Navier-Stokes equations to clarify the role of surface tension in the formation of circular hydraulic jump. If the surface
tension, which depends on flow conditions, fluid properties, and downstream conditions, is above a critical value, no
symmetric circular jump will occur.

The innovative aspect of this research is:

� The cooling of a flat plate is done using injection jets on the plate. The flow and temperature field of the fluid
exiting the nozzle is in contrast with the hot plate that is in front of the nozzle. After examining a sample of jet
injection on the screen, we place grooves on the inner wall of the nozzle, which causes the flow inside the nozzle
to rotate under the influence of these grooves. Then, the effect of placing more than one nozzle is studied to
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show how the flow pattern changes in the solution domain by placing different jets together. Two general ideas
are followed in this research, which are stated below.

� Using one, two or 4 injection jets together and comparing the results in terms of the average Nusselt number in
the works done by other researchers. As stated in the previous studies, the effects of several jets placed together
on heat transfer have not been investigated.

� Placing the twisted strip at different angles of 180◦, 360◦ and 720◦ in the injection jet in order to check the
average Nusselt number and the minimum and maximum temperature.

Research methodology

This research is an applied type and the results of which can be used by engineers in the heat transfer problem.
The information used in this article has been extracted from articles that have been published in various Journal.This
article examines the flow and heat transfer of the fluid exiting the jet and hitting a hot plate. The research problem
is shown as a schematic geometry in Figure 13. As it can be seen, before injecting on the hot plate, the jet passes
through a channel and exits through a circular cross section and is injected on the hot plate.

Figure 13: Schematic of injection jet on a hot plate [12]

The main idea in this article is to add grooves at different angles in the inner part of the jet structure. Then,
the effect of these rotations on heat transfer and flow field is investigated. Nusselt number as well as flow and heat
transfer under the influence of twisting flow are investigated. In the following, two twisting jets are placed together
in a special state and a twist angle, and the physics of the problem and existing vortices are investigated. In order to
extract and analyze the results, it is necessary to solve the continuity, momentum, energy and turbulence equations
simultaneously. For this purpose, it is necessary that the equations are discretized and solved numerically and by
repetition. The main equations are given below.

The continuity equation that shows the conservation of mass in the system can be shown as follows:
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The momentum equation that represents the movement of the fluid under the influence of the forces acting on it
is written in three dimensions, which is given below for the momentum in XXX direction, YYY direction and Z direction
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Since the main goal in this problem is heat transfer, it is necessary to solve the energy equation, which can be
expressed in different forms based on enthalpy and temperature, which differ only in the form of expression and are
the same in nature. The energy equation is given below.
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Because injecting a jet into another fluid creates vortices, therfor necessary to solve the turbulence equations as
well. Here, non-linear k − ε equations are used to model turbulence.
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By numerically solving the above equations on the displayed geometry, the flow and heat fields can be obtained.
For this purpose, Gambit and Fluent software are used. The geometry is drawn in Gambit and then the discretized
equations are solved by the second order discretization method on the computing nodes by repeating method.

Research question

Does the rotating jet increase the heat transfer rate and in which of the angles of the grooves, the most suitable
heat transfer rate occurs?

What is the effect of changing the angle of the grooves on the jet wall, which leads to the formation of a rotating
jet, on the rate of heat transfer and the temperature and flow field?

What is the effect of placing jets next to each other on heat transfer and flow pattern?

To check the flow and heat transfer of the fluid exiting from the jet, depending on the flow regime, the type of
exit fluid and side flow, the equations used for modeling are different. Also, according to which flow parameters are
important for calculation, special equations should be used. If we do the calculations for a jet with a Reynolds number
lower than the laminar flow, the Navirastox equation can be used in the laminar state, but in general, turbulence
models should be used to solve it. These equations have been used in various studies [16].

When checking the jet, the temperature difference between the fluid coming out of the jet and the surface it collides
with may be decisive. Therefore, here and for all jets with these conditions, the energy equation should also solved.
When the jet is injected into a flow, it can be assumed that around the jet exit, the momentum of the gas plays the
main role in the movement, and as we move away from the origin, the contribution of the buoyancy force increases
in the movement and determines the path of the gas. Normally, in the analysis of the gas exiting from the jet, there
should be a continuity equation, three Navirastox equations, an energy equation, for each type of exit gas different
from the gas in which the fluid is injected, an infiltration or infiltration equation and in some cases an equation Solved
discretely. Of course, in this article, the nature of the outlet gas and the fluid in which the jet is discharged is the
same, and therefore there is no need to solve multiphase equations.

Choosing the turbulence solution method for the first numerical simulation is to use the Navier-Stokes equations.
This modeling has been used in this research due to its simplicity and at the same time being practical. The average
product of the fluctuating components of the velocity creates the Reynolds Stress. To calculate the Reynolds Stresses,
one of the turbulence models should be applied.

Results

As shown in figure 14, the jet is injected into a chamber, which is a rectangular cube with dimensions of 140 mm
x 140 mm, which has a height of 7 mm. After the jet travels a distance under the influence of the grooves, it takes a
rotational movement and is injected into the chamber between two plates through an opening and is injected onto a
plate with dimensions of 140 mm x 140 mm. The plate on which the injection takes place has a higher temperature
than the fluid exiting the jet, and the exit fluid cools the plate.
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Figure 14: General dimensions of the computing space (researcher’s findings)

In order for the jet to take a rotational movement, it is necessary to have a certain amount of rotational movement
in a tube, which is done with the help of the grooves inside the tube. After the fluid acquires its rotational motion, it
exits the tube and is injected on the plate. Rotational movement occurs inside a 20 mm long channel. The grooves
placed inside the tube are such that the inner radius of the groove is equal to 5 mm, while the radius of the outer part
is equal to 9 mm. Fig 15 shows how the grooves are placed inside the tube.

Figure 15: View of the grooves placed in the inner part of the pipe (researcher’s findings)

In this research, unorganized networks have been used to network the computing space. The highest concentration
is where the gradient of parameters such as speed, pressure and temperature is higher.

Figure 16: A general view of the grid of solution space (researcher’s findings)

In order to obtain complete information of the grid (space and geometry), one grid was drawn around the exit jet
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(Fig 17). Near the place where the jet meets the screen, the computing nodes should be closer to each other, and the
distance from the meeting point of the jet to the screen increases, the distance between the computing nodes increases.

Figure 17: A view of the grid near the jet injection place (researcher’s findings)

In order to obtain information from the computational nodes inside the jet, the inlet part of the jet is meshed
according to the method of Fig 18. This meshing is extended along the jet to cover its entire volume.

Figure 18: A view of the grid on the upper surface of the jet (researcher’s findings)

The boundary conditions of the computational space have been such that the air fluid enters the jet channel with
a length of 20 mm at a speed of 16.9 m/s and flows in it. Grooves are placed on the walls of the jet channel so that
the fluid takes on a rotational motion and is then injected into the space between the two plates. The jet walls have a
no-slip boundary condition and we apply the condition of the inlet velocity at the inlet, the information about which
is given in table 1.

Table 1: Boundary condition of velocity at the jet entrance (researcher’s findings)

speed m/s 16.9
To apply speed y

temperature (kelvin) 300
Turbulence intensity % 3.6

Turbulence length scale 0.0033

After passing through its channel, the jet enters the chamber between the two walls, where the fluid velocity is zero
and the fluid is at rest.The lower wall of the chamber has a constant flux boundary condition and the numerical value
of the flux is equal to 1000 watts per square meter. Table 2 shows the boundary conditions and the initial condition
in the jet injection area.
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Table 2: Boundary conditions and initial conditions in the jet injection area (researcher’s findings).

speed m/s 0
Low level flux (watts per square meter) 1000

Turbulence energy 0
Turbulence energy dissipation rate 0

In order to be able to model the flow and heat transfer in the chamber, it is necessary to solve the equations of
continuity, momentum, energy and turbulence and apply the boundary conditions mentioned in the two tables above.
The boundary conditions are chosen in such a way that the results can be compared with the previous works for the
jet without a groove. The model used here is three-dimensional, which means that the momentum equations must be
solved in three dimensions. Also, the equations do not depend on time and the results are reported reliably. Because
the jet is moved by grooves, the k-ε RNG model is used, which is used for rotational movements. Also, we model and
examine the behavior of the flow near the wall by using the standard wall function.

In the end, it is stated that in obtaining the results, the effect of placing two jets together is also considered and
it will be shown how two jets together affect the heat transfer.

First, the independence of the numerical solution from the size of the computing networks has been investigated.
Therefore, the effect of network size changes on the Nusselt number has been investigated. The number of computing
cells is 256,510, because with this number, there is no change on the average Nusselt number on the hot plate, and
the results will be independent of the number of computing cells and the grid size. To check, a jet is located above the
center of the hot plate. The jets are positioned so that their center is on the axis. z and the distance of their center
from each other is equal to the distance of the center of each of them from the border. In this case, the output flow
from the single jet moves directly towards the hot plate and is deflected due to collision with it and flows along the
plate towards the outlet of the domain. In this study, it was shown that the diameter of the fluid exiting from the
nozzle increases by moving away from the jet opening and approaching the hot plate due to the pressure distribution.
If two jets are placed in close proximity to each other, we will have two completely different areas, that is, the area
limited between the two jets and the area created between the injection and outlet jets is the computational domain.
In the first area, the outflow of each of the two jets is affected by the other and cannot leave the domain without
interference. While in the second region, the flow behavior is similar to when a jet is injected into the domain.The
outflow from the jet is deflected when it hits the hot plate and then exits the domain exit area. After hitting the hot
plate, the output of each jet first changes direction towards each other, then moves upwards and creates two vortices
in this place. In four jets, four located on the vertices of the square, the behavior of the flow is the same as before,
with the difference that there is a single jet in the area on the axes.

The flow exiting from the jet hits the hot plate without any disturbance and flows along it in areas on the axes
that overlap and form vortices. In the area between the four jets, the fluid flow is much more complicated because all
the outflows from the jets affect each other and many vortices are created in this area.

Jets are used in this study to cool the hot plate. With one jet, the average Nusselt number is 53.47, with two jets,
it is 58.58, and for four jets, this number is 68.12, which increases with the increase in the number of jets.

In order to investigate in more detail, the temperature contour on the hot plate was investigated for different
number of jets. When using a jet, the temperature lines are circular concentric lines and the temperature increases
away from the center where the jet hits the hot plate. Temperature contours In cases where two and four jets are
used for cooling, high temperature regions are formed in the regions where the outflow from the jets affect each other.
Therefore, when using two jets for cooling, the maximum temperature on the hot plate is higher than when using one
jet.

The distance of the nozzle is closer to the target and therefore more part of the fluid flows on the surface of the
target and therefore extracts more heat. Nusselt numbers decrease. At a temperature of 50 and an angle of 90, the
Nusselt number is 136.5, and by doubling the distance, this number is 112.3. At a temperature of 50 and an angle of
60, the Nusselt number is 115.7, and by doubling the distance, this number becomes 108.6. At a temperature of 70
and an angle of 90, the Nusselt number is 146.8 and by doubling the distance, this number is 132.4. At a temperature
of 70 and an angle of 60, the Nusselt number is 135.1, and by doubling the distance, this number is 121.8.

By using rotating jet, it can be used to change the flow behavior and heat transfer rate. In order to rotate the
jet fluid flow, a warped strip is used, which is embedded in the jet pipe with a length of 0.1 m. This strip is twisted
at different angles of 180 , 360 and 720. The fluid coming out of the jet nozzle continues to rotate even after leaving
the tube where the twisted strip is located, and the rotating flow of the fluid exits after hitting the The hot plate is
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redirected and moves towards the exit of the computational domain. In this step, the average Nusselt number was
calculated again. Using a strip twisted at an angle of 180, the average Nusselt number is 53.84, for a strip twisted at
an angle of 360, the average Nusselt number is 52.88, and for a strip twisted at an angle of 720, the average Nusselt
number is 51.14, which decreases with the increase of the angle.

The temperature contours on the hot plate have been used to check the maximum and minimum temperature
as well as the temperature distribution on the hot plate. The results showed that in all cases, using twisted strips,
the maximum temperature as well as the minimum temperature of the hot surface is higher than the case where the
non-rotating jet is injected on the hot plate.

In order to investigate the behavior of rotating jets that are placed in the vicinity of two rotating jets in the
computational domain. To rotate the outflow of the jet, strips are placed in the tube, which is twisted at angles of
180◦, 360◦ and 720◦. It can be seen that by placing two rotating jets next to each other, the Nusselt number where
the angle of the twisted strip is equal to 180 is (59.2), increasing and where the angle of the twisted strip is equal to
360 (58.19) and 720 (56.04), the Nusselt number decreases. By using two rotating jets and a twisted strip at different
angles, the Nusselt number for the twisted strip increased by 180 and decreased for the other two angles.

Conclusion

In this study, the effects of rotating jets as well as different jet arrangements on flow and heat transfer have been
investigated. Unlike most previous researches, instead of creating grooves on the tube body, we used twisted strips
to divert the flow. The use of a warped strip has the advantage that a simple jet can be transformed into a rotating
jet without major changes in the jet structure. In this research, the numerical analysis of the effects related to the
number of jets, the use of rotating jet and the use of twisted tape at different angles in terms of heat transfer rate and
average Nusselt number have been discussed and evaluated.

In this study, the Nusselt number is highly dependent on the number of jets and the amount of twisting of
the irradiated strip, and the highest Nusselt number is obtained when the strip is twisted at an angle of 180. In this
research, the temperature distribution on the hot plate with constant heat flux was investigated.Based on the obtained
results, the rotating jet has an adverse effect on the temperature distribution on the hot plate, and the minimum and
maximum surface temperatures are higher than non-rotating jets. In this review it was shown:

� The diameter of the fluid outflow from the nozzle increases as it moves away from the jet opening and approaches
the hot plate due to the pressure distribution.

� The distance between the nozzle and the target has a significant effect on the heat exchange on the target surface,
it corresponds to a lower average wall temperature and higher heat transfer coefficients.

� As the distance of the jet from the plane increases, the Nusselt number decreases. In cases where the jet is very
close to the surface, it completely affects the surface, and as the jet moves away from the hot plate, the effects
of the outflow from the jet on the plate are reduced and the Nusselt number decreases.

� When using two jets in the vicinity, the output of each jet creates two vortices in this place after hitting the hot
plate.

� When four jets are used, the flow from the jet hits the hot plate and creates vortices because all the outflows
affect each other.

� As the number of jets increases, the Nusselt number increases.

� As the number of jets increases, the average Nusselt number and the maximum temperature on the hot surface
also increase. Therefore, in applications where the temperature level should not be too high at any point, it is
better to use one jet instead of multiple jets for cooling.

� Based on the results, the average Nusselt number with the angle of the twisted tape that is placed inside the
tube increases at an angle of 180 and decreases at angles of 270 and 360.

� In all cases, using twisted strips, the maximum temperature as well as the minimum temperature of the hot
surface is higher than when the non-rotating jet is injected on the hot plate.

� By using two rotating jets and a twisted strip at different angles, the Nusselt number for the twisted strip
increased by 180 and decreased for the other two angles.
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� With the rotating jet and use of a twisted strip with an angle of 180, the degree of the Nusselt number is
increased and therefore the maximum temperature of the hot surface is reduced.
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