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Abstract: A numerical investigation utilizing water as the working fluid was conducted on a
2D closed loop pulsating heat pipe (CLPHP) using the CFD software AnsysFluent19.0. This
computational fluid dynamics (CFD) investigation explores three instances where there is a
consistent input of heat flux in the evaporator region, but the temperatures in the condenser
region differ across the cases. In each case, the condenser temperatures are set at 10 °C,
20 °C, and 30 °C respectively. The transient simulation is conducted with uniform time steps
of 10 s. Generally, the heat rejection medium operated at a lower temperature performs better
than at a higher temperature. In this CFD study the thermal resistances gets decreased with
the decreasing value of condenser temperatures and the deviation of 35.31% of thermal
resistance gets decreased with the condenser region operated at the temperature of 10 °C.

Keywords: closed loop pulsating heat pipe; boiling and condensation; slug and plug flow;
thermal resistance; Nusselt number

1. Introduction

With the rapid development of electronic components miniaturization, heat
dissipation in the electronic components also proliferated. The performance of the
electronic components is affected not only by the heat generated inside the
components but also by temperature, which plays a major role. Therefore, proper
thermal management is necessary to provide a stable operation in the electronic
components. The heat pipe is mainly used to carry out the heat dissipation in the
electronic components. The heat pipe is a passive heat exchanger device that
transports heat with high thermal conductivity and low resistance. Out of the several
types of heat pipes, a commonly used passive heat-exchanging device called a
pulsating heat pipe is studied in this research work. The Closed-loop pulsating heat
pipe is a two-phase heat transfer device that operates between the evaporator and
condenser medium. According to Akachi [1], a pulsating heat pipe is a long metallic
capillary tube with an internal dimension small enough to enable compressed two-
phase working fluid, which is sealed inside the metallic capillary tube. Wu et al. [2]
investigated experimentally and numerically refrigerant flow boiling in horizontal
serpentine tubes, and they concluded that the stratification flow exists in the
horizontal tube and the buoyancy force is dominant against gravity. Rudresha et al.
[3] study deals with the experimental as well as numerical investigation of the
thermal performance of CLPHP charged with DI water and Nanofluids such as
SiO2/DI Water and Al,Os/DI Water, and he found that the heat transfer coefficient
gets increased with Nanofluids than DI Water. Erfan et al. [4] made a comparison of
a four-turn aluminum flat plate PHP and an additional branch on the evaporator
section on the same. The authors investigated different filling ratios and heat inputs,
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which showed that the thermal resistance decreased by up to 11%-20% by using an
additional branch on the evaporator section on the four-turn PHP. Pramod et al. [5]
did experimental work on two turn copper closed loop pulsating heat pipe with a
single component fluid such as water, ethanol, methanol, and acetone and also with
binary mixtures such as water-ethanol, water-methanol, and water-acetone. The
authors validated the experimental results numerically, and his results show that
thermal performance was increased with the use of working fluid as a binary mixture
of water-acetone. Anwar et al. [6] study deals with an investigation of seven-turn
CLPHP with water as a working fluid in which the evaporator section is heated
employing hot air with different velocities such as 0.5, 1, and 1.5 m/s, and proposed
that the thermal resistance was found low with high heat input. He also compared the
experimental investigation with a CFD study of maximum heat input of 107.75 W
and with the minimum heat input of 13.75 W corresponding to the air inlet
temperature. Karthikeyan et al. [7] investigated eight-turn copper pulsating heat
pipes with water as a working fluid, and the wall temperatures were measured
employing high-resolution infrared thermography, in which the authors studied the
flow behavior inside the CLPHP also concluded that the thermal resistance was
found lower with the heat input increased from 30 W to 500 W. Duy-Tan et al. [8]
investigated experimentally and numerically with eight-turn PHP using working
fluid as R123, and they found that the CFD analysis work matches the experimental
work with the use of the k-¢ turbulence model. Przemyslaw et al. [9] validated the
numerical model with the experimental data on a three three-turn PHP with ethanol
as a working fluid and stated that the relative error was obtained at a 10% level. Nick
et al. [10] investigated the effect of condenser temperatures in a PHP, and they
concluded that lower thermal resistance was obtained by increasing condenser
temperatures. Jiagiang et al. [11] did a numerical investigation on single-turn and
two-turn CLPHP by considering the VOF model. He found that the double-turn
CLPHP has higher heat transfer capability than the single-turn CLPHP. Jiansheng et
al. [12] analyzed numerically a CLPHP with a partial horizontal structure
(Evaporator and Condenser Sections are horizontal) by varying filling ratios and heat
flux, and in which the author’s results reveal that when the height difference between
the evaporator and condenser section is more the thermal performance gets
increased. Qingfeng et al. [13] numerical work deals with the anti-dry out in the
evaporator section of the CLPHP with the use of micro-encapsulated phase change
material, and his study proves that the start-up time, circulation of flow, and heat
transfer performance were improved significantly with the use of phase change
material compared with water. Kalpak et al. [14] conducted a 2D simulation of
CLPHP with liquid Nitrogen as a working fluid. It was tested with ground level, low
gravity, and milli-gravity conditions with different filling ratios. The authors
concluded that more stable flow patterns and heat transfer performance were
observed in low-gravity conditions when compared with ground-level conditions.
Fubo et al. [15] investigated numerically a single-turn CLPHP with two different
evaporator geometries, such as a round end and a right-angled end with different heat
inputs and in which he proposed a result of later geometry shows rarely the stop-over
phenomenon and an increased heat transfer performance. Zirong et al. [16] work
deals with the miniature oscillating pulsating heat pipes in which the authors used the
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VOF approach with different models in the numerical work; in addition to that, the
authors worked on changing the heating source length, internal diameter, and heat
input power and the authors concluded that the internal diameter of the OPHP plays
a vital role. Hyung et al. [17] made a one-dimensional model assuming liquid
slug/vapor plug flow by considering the phase interactions between the solid wall
and the liquid film. They also validated the experimental data which is available in
the literature. Finally, the authors concluded that by choosing the high merit number
(criterion for selecting working fluids), the thermal performance of the CLPHP is
maximized. Zufar et al. [18] made 2D simulations on CLPHP with water-based Nano
fluids such as Diamond, Silver, and Silica Oxide. The authors studied numerically
with constant heat flux and filling ratio and came up with the outcome of diamond-
based nanofluids performing better with lower thermal resistance. Jongwook et al.
[19] investigated a 2D CLPHP numerically with ethanol as the working fluid in a
multi-turn geometry with symmetric and asymmetric modes. The authors predicted
that the starting time of the CLPHP with an asymmetric shape is earlier than with a
symmetric shape. Also, he found that in the case of zero gravity, the fluid gets dried
out in the case of 5 and 10 turns, whereas the fluid remains in the evaporator section
in the case of 15 and 20 turns, respectively. Jiansheng et al. [20] research work deals
with the simulation of 2D single loop CLPHP with varying.

Heat input from 10 W to 40 W and varying filling ratios from 30% to 60%,
respectively, and the authors found that the thermal resistance decreased with the
high heat input and also with the same filling ratio and input power also the authors
varied the condenser length of the CLPHP in which he observed that the start-up
time gets accelerated. Ayad et al. [21] analyzed wickless heat pipe using a
commercial CFD package, and the flow behavior, heat transfer features, and boiling
regimes were studied using their inbuilt user-defined functions. Also, the wickless
heat pipe was investigated with different filling ratios, inclination angles, and heat
added. Jiansheng et al. [22] performed a 3D simulation in comparison with deionized
water and a surfactant called hexadecyl trimethyl ammonium chloride by changing
the initial pressure and heat input. The authors suggested that by using surfactant as a
working fluid under high initial pressure, the performance of CLPHP was not good.
With low initial pressure, its performance also increases, and the heat transfer
performance of CLPHP increases with high heat inputs; thereby, the use of
surfactants prevents the drying out of the evaporator section. The above-discussed
literature shows that the CFD analysis was carried out with fixed evaporator heat
input and constant condenser temperatures. This research work entails a numerical
investigation focusing on fixed evaporator heat flux boundary conditions while
examining the relatively underexplored aspect of varying condenser temperatures. A
2D computational fluid dynamics (CFD) analysis is conducted using water as the
working fluid, with the condenser temperatures manipulated to be below ambient
temperature.

2. Research methodology

The current research methodology encompasses several key steps, including
geometry creation, meshing, and solver setup. This involves selecting appropriate
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models, patching, probe setup, and determining the precise time step size. This
present numerical work focuses on the literature [10] and it can be validated to some
extent The following section provides a brief overview of the aforementioned
research

2.1. Geometry of CLPHP

A thorough literature survey has been carried out, and based on the literature,
[23] the following geometry as shown in the Figure 1 has been selected for the
numerical work. The geometry is set as two turns with equal dimensions of the
evaporator, adiabatic, and condenser sections, and the internal diameter is 2 mm
throughout the pipe.
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Figure 1. Geometry of CLPHP.

Note: All dimensions in ‘mm’.

2.2. Meshing

Meshing is done by using Hypermesh Software and Quadrilateral elements are
used for meshing. Figures 2 and 3 describes the meshing of the CLPHP. The details
of the mesh are described below in Table 1.

Table 1. 2D mesh description.

Total Nodes Total elements Size of the Elements Type of mesh

23,661 nodes 21,032 elements 0.25 mm Quadrilateral mesh
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Figure 2. 2D meshing of CLPHP.

Figure 3. Cut section of 2D mesh of CLPHP.

2.3. Multiphase flow analysis (VOF)

The problem is based on multiphase flow; the VOF model is chosen, and 3
phases have been selected in the GUI. The 3 phases include water liquid, water
vapor, and air. We know that all CFD simulations have a set of governing equations:
continuity or mass, momentum, and energy equations. Here, the VOF model is based
on multiphase flow. It has a separate equation that includes phase fraction, which has
to be solved for both liquid and vapor phases. The VOF governing equations are
discussed below.

2.4. Governing equations

The flow inside the CLPHP consists of liquid slugs and vapor plugs, which are
immiscible fluids. To track the immiscible fluids (liquid-gas), the VOF approach is
generally used, and the phase fraction (@) is used to calculate the distinct phases. The
condition for the phase fraction (a) was revisited and rephrased for accuracy and
clarity. Specifically, the definition now explicitly states that o represents the local
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volumetric fraction of the liquid or vapor phase and satisfies the condition 0 < a < 1.
There exists a condition for phase fraction (a), which is given by:

When a4 = 0, the cell is empty (No fluids present), g = 1, the cell is filled with
fluid (Full fluid is present), and 0 < a4 < 1, the cell has a mixture of two or three fluids.

2.5. Mass equation

In CLPHP the evaporation and condensation phenomenon takes place, the
liquid-vapor mass transfer is governed by the vapor transport Equation (1) and it is
given by:

d(aypy)

T + V. (ayppvy) = mlv - mvl (1)

In the case of evaporation, T, > Ty

| (Ty — Tsar)
My = Tw- A0y T—Sa @
sat
In the case of condensation, T, < Tg
. (Tsar — Ty)
mvl = rvl- avp,, SaT v (3)
sat

2.6. Momentum equation

A single set of momentum Equation (4) is solved throughout the domain,
which is given by:

d(pv)
ot
The surface tension arises because of the cohesive force of the molecules, and it
creates a surface force that is added to the source term in the momentum equation.
This force in the surface is called volume force, and it is given by:

+ V. (pvv) = —VP + V. [u(V0 + VoT)] + pg + Fpoy (4)

alplkvvav + avpvklval

Fyor = 01
1 )
5 o0+ py)

where the curvature is expressed as

Aag
Va,

Aay
Va;

k; = and k, =

2.7. Energy equation
The energy shared by the phases Equation (6) is given by the equation:

0(pE)
ot

+V.(w(pE + P) = V.(K.VT) + S (6)

where S, is the source term caused by the phase change obtained by multiplying
the mass transfer rate by the latent heat.
The expressions for energy shared by the two phases are given by:



Thermal Science and Engineering 2025, 8(1), 9883.

E = alplEl + avvav

7
aip; + aypy ( )
where the specific heat of the phases is given by:

E = v,l(T - Tsat) (8)

E, = Cv,v (T - Tsat) (9)

The properties like p, K, and jushared by the phases are given by:

p = ap+ aypy (10)

K= alKl + ava (11)

u= oyt agpphy, (12)

2.8. Setting the probe

The temperature in the evaporator, adiabatic, and condenser sections has to be
monitored till the given time steps so that the analytical calculations can be made
easily. As the geometry is 2D and the CLPHP is made in two loops, the temperature
in each loop of the evaporator section, adiabatic section, and condenser section must
be monitored to take the average values. In total, six probes have to be set in the 2D
geometry, of which two probes monitor the temperature in the evaporator section,
two probes monitor the temperature in the adiabatic section, and two probes monitor
the temperature in the condenser section, respectively. From the 2D geometry, the
probes are set in the monitor tab in the GUI of fluent, in which points are created in
the locations of the evaporator, adiabatic, and condenser sections. In total, six points
are designed and created by measuring the X and Y coordinates of the geometry.
These created points are then renamed so the data extracted can be easily identified.
The probes in the evaporator section are renamed as Tel and Te2, the probes in the
adiabatic section are renamed as Tal and Ta2, and the probes in the condenser
section are renamed as Tc1 and Tc2, respectively. The suffix indicates the location in
the first and second loops of the CLPHP. After renaming the probes under the
monitor option in the GUI report, a plot is selected for the selected probes so that the
temperature in each section is extracted for the given number of time steps while
running the simulation and saved in a separate text file. These temperature data in
the evaporator, adiabatic, and condenser sections are then used analytically to
calculate thermal resistance and heat transfer coefficient. The below Figure 4 shows
the probes which has been set in the CLPHP.
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Figure 4. Probes representation in the CLPHP.

2.9. Initializing and patching

The solution is initialized first in the solution initialization option present in the
GUI, and the standard initialization iteration method is selected in this simulation.
The temperature in the fluid domain is initialized as 303 K, as the simulation has
been done for three different condenser wall temperatures of 10 °C, 20 °C, and
30 °C, and the liguid volume fraction and air volume fraction is set as ‘0’ because the
next step is to fill the liquid water and air inside the CLPHP. Patching is filling the
fluid inside the CLPHP with a suitable proportion. Liquid water and air are patched
inside the CLPHP, considering liquid water is patched to 50% of the total volume,
and the remaining 50% constitutes the air volume. We can notice from the geometry
that the evaporator is at the bottom, and heat flux is applied to it, so the water has to
be patched from the bottom of the geometry.

The geometry is created with a total height of 150 mm; as we know, the
evaporator, adiabatic, and condenser sections comprise 50 mm each, half of the total
height, i.e., 75 mm from the bottom has to be patched with the liquid water and the
remaining volume is patched as air. To create a patch for the liquid water in the
CLPHP, an option called mark is there in the region where the coordinates are given
for patching the liquid water, and then the volume fraction is set to ‘1°. The same
procedure is done for patching the air in the remaining portion of the CLPHP. After
patching the liquid water and air in the CLPHP, the new data is created, which
indicates the initial time step, i.e., at 0 s, from which the simulation was started. The
Figure 5 below shows the liquid water and air volume fractions created in the
CLPHP.
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Figure 5. Liquid patch representation on CLPHP.

2.10. Case setting in fluent

In the general tab, the following setting is done. They are as follows:

a) Type of Solver—Pressure based solver is used in this current work and as the
working fluid used is incompressible water, the analysis has to be carried out on
the same.

b) Time—Transient is used. In the multiphase analysis, the phase fraction has to
be calculated in each time step, and generally, PHP works in an unsteady state.
Therefore, the transient state is selected.

c) Gravity—The orientation of the CLPHP is vertical (i.e. 909. The acceleration
due to gravity is taken in the negative Y axis, given as —9.81 m/s?.

2.11. Viscous model

In order to find whether the flow is laminar or turbulent, it is necessary
to calculate the Reynolds number. The Reynolds number (13) is given by,

_pXxvxd
U

Re (13)
where the density (p) and kinematic viscosity (|.) are taken from the saturation
pressure and temperature, as we know that the PHP is operated under vacuum, the
operating pressure is taken as 4000 pascals, [24] which is studied from the literature.
The saturation pressure is found to be 0.04 bar, from which the saturation
temperature must be calculated. The saturation temperature is calculated from the
Antoine equation, which is given below.
In general, the Antoine Equation (14) is given as:

B
| P)=4——— 14
0810(P) T+C (14)

where A, B, and C are constants.
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1690.864

log19(0.04) = 531384 — ———— -~ (15)
~1.39794 + % = 5.31384 (16)
1690864 _ ¢ - 1384+ 1.39794 (17)
T — 51.804
6.71178T — 347.69705 = 1690.864 (18)
6.71178T = 2038.56105 (19)
T=303.72 K (20)
T =30°C (21)

Thus, the saturation temperature is 30 °C, corresponding to the saturation
pressure of 4000 Pa or 0.04 bar.

With the above data of saturation temperature and pressure, the properties of
water liquid, water vapor, and air can be taken from the available resources. The
following Table 2 shows the properties of water liquid, water vapor, and air at a
saturation temperature of 30 °C and saturation pressure of 0.04 bar.

Table 2. Properties of water at a saturation temperature of 30 °C.

. . e Specific Heat (Cp) Thermal_ . Surface Tension (o)
Fluid Density (p) (kg/m3 Dynamic Viscosity (1) (kg/ms) - P Conductivity (K)
(ki/kgK) (N/m)
(W/mK)
Water (liquid) 995.91 0.00081 4.180 0.613 0.07
Water (Vapor) 0.0287 0.000009 1.916 0.018
Air 0.0461 0.000018 1004.83 0.027

Now, the Reynolds number calculated based on Equation (13) is 2213.13.
We know that when the Re < 2300, the flow is said to be laminar. Therefore, a
laminar viscous model is chosen to simulate the fluid flow in the CLPHP.

2.12. Phase definition and phase interactions

This work has three phases: liquid, vapor, and air. In the VOF approach, all
three phases have to be defined. The phase descriptions are as follows.
1) Water vapor—Primary phase;

2) Water liquid—Secondary phase;
3) Air—Secondary phase.

In addition to the phase definitions, the phase interactions must also be defined.
Phase interactions are nothing but mass transfer and surface tension. Mass transfer
occurs in the CLPHP due to its evaporation and condensation, and as the pipe
diameter is so slight, surface tension plays an important role. It also has to be
adequately defined. At saturation temperature, the liquid turns to vapor, and the
vapor turns liquid. So, the evaporation—condensation mechanism is defined as the

10
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mass interaction from the vapor to the liquid phase. The Continuum surface force
(CSF) model modeled the surface tension force, and the constant value of 0.07 N/m
is given as input to the surface tension coefficient.

2.13. Boundary conditions

The CLPHP geometry is divided into three zones: evaporator in the bottom,
adiabatic zone in the middle, and condenser in the top. All three sections are equally
divided with a height of 50 mm, each having an inner diameter of 2 mm. As we
discussed before, the liquid water is patched to 50% of the total volume of the
CLPHP, and the remaining portion is filled with air. Generally, the boundary
conditions are given at the walls of the sections,

and here, they are given at the evaporator, adiabatic, and condenser sections.
The heat flux given at the walls of the evaporator gives rise to the temperature, and
the heat gets rejected at the condenser, producing a pulsation effect. Zero heat flux is
given at the adiabatic zone so that no heat transfer occurs in this zone. In this work,
the evaporator and adiabatic zone wall conditions are fixed, and the condenser wall
temperature is changed in all three cases to investigate the effect of the thermal
performance of CLPHP. The boundary conditions used in this analysis in all three
cases are discussed below:

a) Evaporator—constant heat flux of 10,000 w/m? [25] having a wall
thickness of 0.005 m (Neumann).
b) Adiabatic—constant heat flux of 0 w/m? having a wall thickness of 0.005 m

(Neumann).

c) Condenser—Temperature of 10 °C, 20 °C, and 30 °C (Dirichlet).

3. Numerical analysis results

The probes fixed in the each section of the CLPHP reads the temperature values
in each time step size and the evaporator and condenser temperature values are taken
into consideration for analyzing the results of all 3 cases.

3.1. Temperature vs. time plot

The following plots discuss the temperature monitored from the evaporator and
condenser section for time steps of 10 s. In two-turn CLPHP, two probes are fixed in
the evaporator, adiabatic, and condenser sections in each loop, respectively.
Therefore, an average of evaporator temperature (Te) and condenser temperature
(Tc) are calculated, and the graph is plotted against time.

Figure 6 represents the plot between the average evaporator and condenser
temperature against time for the condenser temperature fixed at 10 °C. Due to high
heat flux, the evaporator temperature is increased to a maximum value. The non-
linear trend in the evaporator temperature is due to the probes fixed in the surface of
the 2D CLPHP geometry measures the liquid slug temperature as well as the vapor
plug temperature. We know that as the vapor plug density is lower compared to the
liquid slug, the temperature in the vapor plug is higher than the temperature in the
liquid slug. During the simulation for a total timestep, when the vapor plug comes
into contact with the probes fixed in any one turn of the evaporator section the

11
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temperature is drastically increased compared to the liquid slug temperature.
Therefore, a sharp rise in the average evaporator temperature was observed during
the analytical calculations. As the wall of the condenser temperature was fixed as

283 K it shows a linear variation throughout the timesteps found to be decreased
slighter.

Condenser Temperatureat 10°C
600
¢ (Tel+Te2)/2
& ;8 B (Tcl+T2)/2
T AR
2 ©
§300 =;=IIIIIII
=%
EZOO
ﬁlOO
0
0 2 4 6 8 10 12
Time (S)

Figure 6. Temperature versus time for the condenser temperature at 10 °C.

Figure 7 shows the average temperature variation of evaporator and condenser
section over time when the condenser wall temperatures are fixed at 20 °C. Similar
observation was found in the average condenser temperature whereas the average
evaporator temperature was found to be increasing non-linearly.

Condenser Temperatureat 20°C

450 P~
Y ¢ (Tel+Te2)/2
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Temperature

0 2 4 6 8 10 12
Time (S)

Figure 7. Temperature versus time for the condenser temperature at 20 °C.

Figure 8 shows the temperature against time of average evaporator and
condenser sections, when the condenser walls are prescribed at ambient temperature
i.e 30 °C. Similar observations were found as in the above 2 cases, the only
difference observed is that the average evaporator temperature is found increased.

12
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Condenser Temperatureat 30°C
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Figure 8. Temperature versus time for the condenser temperature at 30 °C.

We clearly observe that when the condenser walls are maintained at 10 °C it
absorbs more heat compared to other 2 cases and the temperature difference of
evaporator and condenser sections are found low compared with condenser walls are
fixed at 20 °C and 30 °C. As we know that with the input heat flux, when the
temperature difference of evaporator and condenser sections are low then the
thermal resistance gets decreased and the heat transfer coefficient also found to be
increased. From this numerical analysis it is clearly observed that the thermal
performance of the 2D CLPHP is increased when the condenser temperature is fixed
at 10 °C. Due to the limited computational resources the simulations were performed
only for the time steps of 10 s. If the simulations were carried out for more number
of time steps then the temperature difference of evaporator and condenser section
was found too low and the thermal performances can be compared well for all the 3
cases.

3.2. Contours of CLPHP

The distinct phases like liquid and vapor are visualized after simulating for
the given time steps and are shown below.

The above Figure 9 represents the contour of the phase mixture i.e the liquid
and vapor phases can be observed clearly. This contour shows the liquid slug and
vapor plug oscillation takes place inside the CLPHP.

13
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Figure 9. Contour for the phase mixture in the CLPHP.

The above Figure 10 shows the volume fraction of the vapor phase exist inside
the CLPHP for certain time steps. It is noted that the liquid and vapor phase can be

observed throughout
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10. Contour for the volume fraction in the CLPHP.
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3.3. Nusselt number calculation

In general, Nusselt number (Nu) is the ratio of convective heat transfer to the
conductive heat transfer in a fluid. It is a dimensionless number and it indicates the
heat transfer takes place in a fluid medium is by conduction or convection.

The Nusselt number is given by:

—
YTk

The Nusselt number range represents the heat transfer characteristics in a fluid
flow and it is given as:

If Nu = 0, Pure conductive heat transfer;

If 0 < Nu < 10, Slug flow or laminar flow;

If 100 < Nu < 1000, High convective heat transfer or Turbulent flow.

In this present numerical work the Nusselt number was calculated for all the 3
cases from the temperature datas measured with the help of probes. The Nusselt
number was calculated analytically and it is found to be within 1 in all the 3 cases
which is shown above in Table 3. The highest Nusselt number was obtained from
the case of condenser temperature fixed at 10 °C. The Nusselt number range in the
present simulation indicates the slug flow or laminar flow which can be observed
from the available contours.

Table 3. Nusselt number values for different condenser temperatures.

Temperature (°C) 10 20 30
Nusselt Number 0.9311 0.8807 0.8576
4. Conclusion

In the case of CFD analysis water is used as a working fluid and the analysis
work was carried out with 2D CLPHP geometry. As discussed about the geometry
creation, meshing and the solver setting in the above section brief conclusions are
made which are discussed below. They are as follows.

e  With constant heat flux at the evaporator and by varying the temperatures of the
condenser sections of about 10 °C, 20 °C and 30 °C the CLPHP shows a better
performance with the condenser temperature of 10 °C.

e In this analysis for all the 3 cases a constant time of up to 10 s has been
calculated for the transient analysis and the results plotted above was only for
upto 10 s.

e  The contours of phase fraction shows the liquid slug and vapor plug inside the
CLPHP and with the further time steps better results can be obtained.

e  The Nusselt number calculation from all the 3 cases shows the slug flow or
laminar flow.

Conflict of interest: The author declares no conflict of interest.
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Nomenclature

PHP
DI

)
<

r o g < 4 @ m T

Pulsating Heat Pipe

De-ionized Water

specific heat, J/kg K

pressure, bar

internal energy, KJ/kg
acceleration due to gravity, m/s?
temperature, K

velocity, m/s

diameter, mm

heat transfer coefficient, w/m2K

characteristic length, m

Greek symbols

a volume fraction

U1 dynamic viscosity

p density

o surface tension

Subscripts

a adiabatic section

c condenser section

e evaporator section

| liquid

SAT saturation

\Y% vapor
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