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Abstract
The effectiveness of the pulsating heat pipe’s is one of many concerning factor in accessing
thermal performance is contingent on various physical parameters, namely diameter,
length, numbers of turn, heat inputs, and fill ratios of the heat pipe. Both experimental
and numerical modeling approaches were employed to investigate a single-loop heat pipe,
aiming to determine the thermal resistance at fill ratios of 40%, 50%, and 60% for water. This
investigation was conducted under conditions of fluctuating temperature inputs, specifically at
378K, 383K, 388K, and 393K. The experiment was conducted for a copper pipe of inner
diameter 4.0625mm and, at the evaporator heat input was supplied 45W. It was found
experimentally that the thermal resistance was lowest for the case of 60% FR at 393K (i.e.,
0.762K/W) after all the systems were stable but initially at the startup phase thermal resistance
was lowest for the case of 50% at 393K (i.e., 1.279K/W). The analysis through numerical
simulation included the examination of the temperature variation between the evaporator (Te)
and condenser (Tc), thermal resistance (Rth), the pulsating nature of the heat pipe, phase
change of the working fluid, and fluid flow behavior. The thermal resistance obtained through
numerical modeling is found to be lowest for a 50% FR at 393K (i.e., 1.032K/W) which
resembles the initial startup phase. To confirm the occurrence of a two-phase phenomenon
inside the PHP, the volume fraction of water in evaporator region was obtained from
simulation results and was plotted against the time step. Observation of the oscillating motion
in the PHP was conducted through a numerical model and affirmed by the upward movement
of the vapor bubble toward the condenser, as well as the velocity vector contour at a specific
cross-section of the pipe. The fluctuation in temperature observed in both the evaporator
and condenser provides evidence that the liquid and vapor slugs oscillate along the pipe,
facilitating the transport of heat from evaporator section to condenser. This experiment
suggests that the best case within the tested working condition is for a 60% FR at 393K.
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1. Introduction
Operating passively, the Pulsating Heat Pipe (PHP) effi-
ciently exchanges heat from one point to another, utiliz-
ing the phenomenon of change of phases of the working
fluid, which is filled in a predefined volumetric ratio.
Devised and patented by H. Akachi in the 1990s, the
pulsating heat pipe, also recognized as an Oscillating
Heat Pipe (OHP), comprises three primary regions: the
evaporator, adiabatic region, and condenser. The mo-
tion of the slug and plug of the working fluid within
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the pipe, induced by evaporation, serves as the driving
force in this system[1]. Since its inception, the pulsat-
ing heat pipe has garnered attention for its promising
applications in diverse fields, including solar-thermal
energy management, battery thermal deployment sys-
tems, aerospace thermal management systems, waste
heat recovery, and electron cooling[2].
The pulsating heat pipe operates with a distinctive
mechanism that contributes to its functional advantages.
Once stable parameters are attained, the pulsating mo-
tions of plugs of liquid and slugs of vapor propel the
working fluid through the pipe[3]. Surface tension and
the capillary diameter of the pipe lead to the forma-
tion and random distribution of plugs and slugs along
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the pipe. In the realm of pulsating heat pipes, two dis-
tinct variations prevail: open loop PHP, characterized
by unconnected tube ends, where a singular elongated
tube is intricately bent into multiple turns, sealing both
ends after the supplied working fluid is introduced and
the closed loop PHP, featuring interconnected tube ends
forming an endless loop, ensuring a ceaseless movement
in circulation direction of the working fluid through-
out the PHP’s entire operation[4]. Hence, despite the
straightforward design of pulsating heat pipes, the inter-
play between thermo-hydro-dynamic effects throughout
the heat and mass transfer process complicates the opera-
tional mechanism, rendering it intricate and challenging
to fully unveil [5].
Research work involving experimental and theoretical
approach has been conducted on heat pipes studying
their complex characteristics over decades. In the ex-
perimental modeling domain, an in-depth examination
of geometric parameters such as critical diameter, cross-
sectional area, evaporator and condenser length, adia-
batic region, and the number of turns has been under-
taken. Simultaneously, a comprehensive exploration
of operational parameters, including heat flux, fill ratio,
charge flux, inclination angle, and the choice of working
fluid, has been conducted[3]. Numerous models captur-
ing the dynamics within closed-loop PHPs have been
proposed for numerical modeling. In the numerical
modeling, a Lagrangian approach was adopted, assum-
ing adiabatic conditions throughout the entire PHP. The
study is aligned with the investigation on analyzing the
pressure and velocity variations with time for the for-
mation and movement of plugs [3]. A U-shaped model
of the pulsating heat pipe was employed to simulate
oscillating heat transfer. Conservation equations were
formulated for liquid and vapor slug utilizing the control
volume method[6]. The internal diameter of the heat
pipe of such type was constrained by the Bond Number
(Bo). Since the flow inside the tube is predominantly
propelled by surface tension and counteracted by gravity,
the minimum value of internal diameter of the capillary
is dictated by the critical diameter corresponding to be
tube’s Bond Number[7].
The impact of altering parameters in the adiabatic sec-
tion of PHP on the start-up parameters, heat transfer
performance, and diminishing dry out capability of the
pulsating heat pipe was assessed by obtaining the ra-
tio of the adiabatic region’s length to the total length
[8]. The experimental approach for evaluating ther-
mal performance of the PHP was assessed with varying
concentrations and fill ratios of different liquids, con-
trasting with deionized water. In this assessment, the
calculation incorporated the effects of hydrodynamic
characteristics like; viscosity and surface tension to de-
termine an improved thermal resistance [9]. The com-

mercial software fluent was employed to account for the
influence of surface tension along with phase change
phenomenon on the thermal characteristics of the pul-
sating heat pipe. A two-phase flow model of the pulsat-
ing heat pipe was created, considering deionized water
to act as the working fluid. This model, implemented
on star CCM plus, did not consider temperature varia-
tions but focused on various parameters of the working
fluid, operating under lower working pressure.[10] An
In-house Finite volume-based Computational Fluid Dy-
namic (CFD) solver was used for the simulation of the
oscillating motion of water at Normal Temperature Pres-
sure (NTP) considering the filling ratio, size of tubes,
and degree of temperature[11].
While numerous numerical models have been proposed
over the decades, only a handful has undertaken the
simulation of PHPs with water as the working fluid at
normal temperature and pressure. Utilizing water per-
forming at normal temperature and pressure, a numeri-
cal experiment was executed on Closed-loop Pulsating
Heat Pipe (CLPHP). This aimed to replicate the flow
dynamics, heat transfer, and temperature fluctuations
arising from evaporation and condensation during the
bottom heating mode[11].
The potential application of PHP technology is to be
fuRther explored at various parameters, so it is essen-
tial to compute thermal performance, as a dominating
factor, of CLPHP’s numerical modeling and simulation.
Thus, in this research, numerical modeling is performed
at NTP to simulate the flow of water volume fraction
and temperature change to obtain the thermal resistance
at different fill ratios of the working fluid at different
heating conditions.

2. Research methodology
Research is conducted in different methods for verifica-
tion and validation of the obtained data, where the ex-
perimental method is supported by a numerical method
which is also shown in Figure 1.
2.1. Experimental
A PHP of the closed-loop type, featuring a single turn,
was fashioned using a copper pipe with dimensions of
outer diameter as 4.7625 mm and a thickness of 0.7 mm.
The design of the heat pipe’s diameter took into con-
sideration the impact of surface tension and buoyancy
force on the formation of slug and plug babbles. It was
ensured that the diameter satisfied the critical diameter
as proposed by H. Akachi[7] :

𝐷 ≤ 𝐷cr = 2
[

𝜎
𝑔(𝜌𝑓 − 𝜌𝑔)

]0.5
(1)
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Figure 1: Research methodology flowchart.

The heat pipe is demarked into three regions: the evap-
orator, adiabatic, and condenser regions, each with
lengths of 30mm, 140mm, and 30mm. A temperature
sensor (DS18B20) is used for obtaining the data from
the experiment. Temperature sensors are affixed to the
walls of the condenser region, evaporator region, and
the input heat source to facilitate continuous data acqui-
sition. The experiment involves employing water as the
functional fluid, and the thermal response of the pipe
is observed by altering the volume of water within the
copper pipe. The experiment was conducted under FRs
of 40%, 50%, and 60% of the total volume. The position
of the setup arrangement is shown in Figure 2.

2.2. Numerical
The numerical modeling and study are done in CFD soft-
ware ANSYS Fluent where the simulation for volume
fraction and the temperature difference is performed at
NTP varying the FRs of working fluid (water) to ex-
amine the thermal resistance. CFD for PHP analyzes
the given physical data, evaluates them, and simulates
the simulation. The PHP’s thermal performance was
studied by varying heating conditions using commercial
software for student Ansys Fluent.
Computational Fluid Dynamics (CFD) empowers re-
searchers to simulate diverse conditions for flow and
heat transfer processes that may not be easily testable. It

(a)

(b)
Figure 2: (a) Schematic representation of the experi-
mental setup. (b) Experimental configuration of the
setup.

Figure 3: Geometry of single turn pulsating heat pipe

offers the capability to theoretically simulate any physi-
cal condition using computational devices[12].
2.2.1 Geometry
The geometry of this research is taken into considera-
tion by the literature review as shown in Figure 3. A
single-turn CLPHP is considered for the experiment.
The critical diameter of the pipe was obtained using the
equation of bond number[7]
The single-turn pulsating heat pipe is segmented into
three distinct parts: the evaporator region, adiabatic re-
gion, and condenser region. The corresponding region
is shown in Figure 3. The length of the condenser and
evaporator are kept equal and the ratio of adiabatic to
total length is obtained to be 3.5:5 [8].
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2.2.2 Basic setting for the domain
The overall geometry of the PHP was primarily defined
by three domains the condenser, adiabatic region, and
evaporator. Water ratios of 40%, 50%, and 60% are filled
in PHP and the different heating conditions are applied
accordingly.
2.2.3 Boundary conditions
Various temperatures were applied to the evaporator
region, specifically 393K, 398K, and 403K, In middle
adiabatic region, the heat flux is maintained at zero. The
numerical approach with the assisting tools of CFD uti-
lizes the Volume of Fluid (VOF) model. In all domains,
the walls are of the no-slip wall type and are assumed
to be smooth. The condenser features a boundary con-
dition involving temperature with a fixed value of 293K.
Likewise, in the adiabatic regions, the boundary condi-
tion is unaltered with no heat transfer allowed, defining
the heat flux as 0 W/m2K. The contact angles with walls
were set to 30 degree.
2.2.4 Governing equation for VOF method
The modeling of flow inside PHP as two-phase involves
slug flow in capillaries and will adhere to a general ap-
proach. This approach employs a single fluid based
on VOF method. Hydrodynamics is characterized by
equations governing the conservation of mass, momen-
tum, and energy, supplemented by an additional advec-
tion equation. This advection equation is crucial for
determining the gas-liquid interface in the form of the
VOF[1]. The governing equation for the simulation is
as follows:
Conservation of Mass:

∇ ⋅ 𝐮 = 0 (2)
Conservation of Momentum:
𝜕(𝜌𝐮)
𝜕𝑡

+∇⋅(𝐮𝛿𝐮) = ∇𝑝+∇⋅
[

𝜇
(

∇ ⋅ 𝐮 + (∇𝐮)𝑇
)]

+𝐟𝜎
(3)

Conservation of Energy:
𝛿(𝜌𝑐𝑇 )

𝛿𝑡
+ ∇ ⋅ (𝜌𝑐𝐮𝑇 ) = ∇ ⋅ (𝑘𝑉 𝑇 ) (4)

Here 𝜌 denotes density, u represents velocity vector, 𝜇
signifies dynamic viscosity, p stands for pressure, c rep-
resents specific heat capacity, T denotes temperature
and k indicates thermal conductivity. The momentum
equation’s source term, f𝜎 , represents the force due to
surface tension. The governing equations are sequen-
tially solved, and the interface is depicted utilizing the
VOF method[1].

Designed for scenarios involving two or more immis-
cible fluids, the VOF model operated as a surface-
pursuing technique on a fixed Eulerian mesh. It pri-
oritizes tracking the precise location of the interface
adjoining these fluids. Within the VOF model, a shared
momentum equation set governs the fluids, and the vol-
ume fraction of all the associated fluid is continuously
monitored throughout the solved domain [13].
The VOF approach of modelling is not compatible with
the density-based solver, precluding the representation
of void regions devoid of any fluid. In this model, one
of the many phases can be identified as a compressible
ideal gas, and the use of the second-order formulation
which is implicit time-stepping method is not viable
with the explicit VOF scheme. Modeling stream-wise
continuous and circular flow, whether through a de-
fined mass flow-rate or drop in pressure, is unattainable
when employing the VOF model. Additionally, a mean-
ingful steady-state VOF calculation is achieved solely
after the solution achieves invariability of the initial
conditions[14].
2.2.5 Viscous model
The k-epsilon model, a widely recognized viscous
model, has been incorporated into this analysis. Like its
adoption in many generic CFD programs, this model is
considered a standard met for industry. Its track record
includes proven stability, numerical robustness, and a
well-established capacity for predictive performance.
In case where generic simulations are involved, the k-
epsilon model strikes a favorable balance between accu-
racy and precision. Within fluent, the k-epsilon viscous
model employs well established two-equation models.
The preference lies with the standard k-epsilon model,
especially when enhanced wall treatment is applied to
account for the thermal effects associated with the wall
treatment [15]. The curvature correction option is se-
lected and set as constant, and turbulence viscosity is
disabled. all the values of the parameter of the viscous
model are set as default as defined by Fluent.
2.2.6 Initialization
The initial conditions are set with all velocity compo-
nents (u, v, and w) specified to be 0 m/s. The initial
pressure is established at 101325Pa, and the initial tem-
perature is set at 368K. This configuration is designed
to accelerate the boiling of water at NTP. The operating
temperature set for the simulation is 293K. The magni-
tude of volume fraction of water is adjusted to 1, while
vapor is assigned a value of 0 and patched into their
respective region.
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Figure 4: Grid Independent Test (GIT) of numerical
modelling

2.2.7 Grid-independent test
The Grid Independence Test (GIT) involves identifying
the optimal grip condition with the smallest number of
grids that do not yield numerical differences in the re-
sults. This determination is made by evaluating various
grid conditions.
The GIT verifies the mesh done in numerical analysis
and validates it. From Figure 4, there is no significant
difference in results at 0.25mm and 0.2mm. Hence
element size is taken as 0.25mm at 1642578 element
number as the best mesh sizing.

3. Results and conclusions
Successful completion of the research leads to appropri-
ate results and validation and verification of the obtained
data from the research. These data obtained are hence
compared and discussed for their originality and proving
them.
3.1. Experimental result
The experimental setup was utilized to assess the ther-
mal performance of PHP. The thermal resistance of
the particular model of PHP at the different temper-
atures corresponding to the FRs is figured out both
through experimental and numerical methods. The
phase change mechanism is verified in the pipe through
the volume fraction analysis through the simulation
where the change in volume of water and stream in a dif-
ferent region of the heat pipe is investigated. The pulsat-
ing nature of the working fluid is verified by examining
the velocities of both water and vapor slugs.
3.1.1 The variation of evaporator (Te) and con-

denser (Tc) temperature with time
In experiments, the temperature of evaporator and also
of condenser region fluctuates due to the cooling and

Figure 5: Variation of Te and Tc with time at 40% FR

Figure 6: Variation of Te and Tc with time at 50% FR

Figure 7: Variation of Te and Tc with time at 60% FR

heating of the system. Temperature changes accordingly
with time, initially at the startup period the temperature
at both regions isn’t accurate. Following the formation
of vapor and water slugs, the cooling process initiates
in the evaporator, and heat is subsequently transported
to another region of condenser. Consequently, the tem-
perature gradually increases in the condenser.
The following Figure 5, Figure 6, and Figure 7 shows
the temperature variation with different fill ratios (i.e.,
40%, 50%, and 60% respectively). At 40% FR, notable
observations reveal a sharp increase in the evaporator
temperature, surpassing the 420K threshold. This pat-
tern persists without a decline, indicating complete dry-
ing out of the fluid and a continual temperature rise.

Kushal Guragain et al. / JIEE 2023, Vol. 6, Issue 1. Page 100



Evaluation of thermal performance in pulsating heat pipe cooling system

Figure 8: Variation of Rth with temperature inputs at
different FRs at the stable case

3.1.2 Variation of Rth with FRs and temperature
inputs

As shown in Figure 8, the simulated thermal resistance
of a single-loop PHP was documented for different FRs
of 40%, 50%, and 60% at temperatures of 378K, 388K,
and 393K. The most striking result that emerged from
the data is, the thermal resistance is the lowest at 60%
FR in all three temperatures as compared to other FRs.
Thermal resistance is a measurement of a material or a
component’s resistance to heat flow. To determine the
thermal resistance of PHP, the thermal energy supplied
are divided by the temperature difference between the
two separate sections, evaporator and condenser. The
PHP’s thermal resistance is established by dividing the
temperature differential between these regions by the
associated heating power.[6]

𝑅 =
𝑇𝑒 − 𝑇𝑐

𝑄
(5)

Here, Te denotes the mean temperature of the evapora-
tor whereas Tc represents the mean temperature of the
condenser.
The experiment is conducted to figure out the Rth of
the heat pipe varying the FRs and temperature inputs.
The initiation mechanism holds significant importance
in the thermal performance of the PHP, which governs
the oscillating flow inside the fluid domain of PHP[4].
While in startup state, unstable data is obtained and after
a few times, the system is stable hence the experimented
data. After a few times steps following the initial os-
cillation, accurate data is obtained, and Figure 8 below
illustrates the thermal resistance under stable conditions.
The impact of surface tension, specific heat capacities,
latent heat of vaporization, and viscosity on the thermal
performance of the PHP fluctuates with varying fill ra-
tios and heating load conditions[16].
Surface tension significantly amplifies capillary resis-

tance and influences the contact angle between the work-
ing fluid and the tube wall. This elevation in capillary

Figure 9: Deviation of water volume fraction within
evaporator at time step (s)

resistance ultimately diminishes heat transfer[2].
3.2. Numerical result
Numerical analysis is performed in Ansys Fluent for dif-
ferent heating conditions. Different parameters such as
phase change, water volume flow behavior, and pulsat-
ing nature of heat pipe validate the obtained data with
the experimentally obtained data. Various Contours
are observed and calculated to obtain different param-
eters of the experiment through the simulation. Data
are recorded as per time step since the simulations are
performed at a transient state.
3.2.1 Phase change
The determination of phase change in various regions of
the heat pipe relies on the alteration of volume fraction
of two phases of functional fluid. An observable shift in
volume of water or steam serves as evidence of a phase
change occurring inside the tube.
The oscillating flow inside the PHP fluctuates the tem-
perature in different regions. The anticipated outcome
unfolds as follows: the temperature in the evaporator
decreases as heat is transferred to the condenser through
the oscillation of water vapor. Concurrently, the temper-
ature in the condenser rises. The observed temperature
fluctuation in both the evaporator and condenser regions
validate the existence of a heat exchange mechanism
with the tube.
The above Figure 9 significantly describes the change

of phase of the PHP. Initially, the water volume fraction
is 1 in the evaporator region and gradually decreases
due to the phase change of water into the steam. After
2.625s, condensation of steam leads to an augmentation
in the water volume fraction, allowing for the observa-
tion of the phase change in the PHP.
The thermal resistance experiences a rapid decrease,
followed by a significant slowing of the rate. Once the
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Figure 10: Formation of water and vapor slug formation
at PHP at (a) 1.1 sec (b) 1.2 sec (c) 1.3 sec (d) 1.4 sec
(e) 1.5 sec

phase change is initiated, attained at distinct heat supply
levels for different fluids, contingent upon operational
pressure and boiling point, the PHP endures a remark-
able reduction in thermal resistance. This phenomenon
is attributed to the abundant availability of heat, facil-
itating the onset of intense boiling, and consequently
leading to a notable decline in the thermal resistance of
PHP[17] .
3.2.2 Water volume flow behavior
The pulsating flow inside PHP was obtained from the
simulation using ANSYS 2022 R2 Fluent’s volume of
the multiphase model to study its thermal performance
at various heating conditions. The oscillating motion of
liquid and vapor plugs is effectively replicated through
numerical modeling.
Figure 10 illustrates the oscillation of the volume frac-
tion of vapor within the PHP. At a heat pipe with liquid
and vapor plug at PHP filled with 50% water, the vapor
slug rises from the evaporator and transitions to vapor-
liquid plug flow as illustrated in Figure 10 (a). The
performance of a PHP is significantly subjective by the
surface tension of the fluid that aids in the formation of
self-sustained liquid and vapor plugs. The oscillation
characteristics during the initiation of loop operation
facilitate heat transport, allowing pulsation from the
heating to the cooling section[2].
3.2.3 Velocity
For a heat pipe to be pulsating in nature, the velocity
of the fluid must be in both directions in the y-axis in
certain time steps at the same section of the tube. The
flow visualization through the simulation considers the
velocity vector of the working fluid.

The cross-section of the pipe which is the same for
all the data of the velocity vector is shown in Figure
11. Within the heat pipe, a designated plane is defined,
and it is on this plane that the observation of fluid ve-
locity occurs, corresponding to the cross-sectional area.
Figure 12 depicts the fluid velocity in two opposing

Figure 11: Cross-sectional plane of heat pipe contour.

Figure 12: Fluid velocity at different time steps in the
same cross-sectional plane of the heat pipe.

Figure 13: Variation of Rth with temperature inputs at
different FRs (Numerical analysis)

directions at different time intervals within the same
direction of the pipe. This observation confirms the
pulsating nature of the heat pipe.
3.3. Validation of obtained result
The thermal performance of the modeled PHP is ob-
tained by simulating the experiment using Ansys Fluent.
The experiment was simulated for different FRs and
temperature inputs. Since the simulation was of a small
period, which shows the startup phase. The Rth ob-
tained from the experiment and the simulated data are
compared for the startup period for both cases. From
Figure 13 and Figure 14, it can be interpreted that Rth at
393K at a 50% FR is the best for both experimental and
numerical modeling followed by 40% and 60% respec-
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Figure 14: Variation of Rth with temperature inputs at
different FRs (Experimental analysis)
Table 1: Comparison of experimental and reference data
and their errors

FRs
Experimental

data
(Rth)

D. Baitule
and

P. Pachghare’s
experimental data

(Rth)
Error

50% 0.969 1.15 15.73%
60% 0.762 0.82 7.07%

tively. In both models, thermal resistance is the lowest at
393K. The obtained results align with previous research;
in comparison to another article, they indicate that the
thermal resistance declines with a surge in temperature
inputs. The most striking result that emerged from the
data is, that at a 50% fill ratio, the thermal resistance is
at its minimum[18].
For verification of the data, the experimental data ob-
tained are compared with the recent experiments per-
formed by other researchers. Comparisons are made
for the thermal resistance of the PHP at FRs of 40%,
50%, and 60%. The thermal resistance for a 60% FR,
obtained from the experimental data of D. Baitule and
P. Pachghare, is approximately 45W at 393K input for
water, which aligns closely with the experimentally ob-
tained data presented in Table 1. Table 1 presents us
with the data comparison of the experiment with D. Bait-
ule and P. Pachghare’s data[19]. The lowest thermal
resistance achieved is equivalent to each other. Hence
through this validation, the error is found to be 7.073%
at the lowest thermal resistance. The deviation of the
data and the error may occur due to differences in sur-
face area, ambient temperature, loss of input heat, and
the steady state time for the experiment.
The evaporator and condenser’s temperature varies with
heat applied along with the working fluid. The data
obtained from the experiment is presented in Figure 15

Figure 15: Comparison of the temperature fluctuation;
J. Wang’s experiment at 50% FR, at 40W with regular
PHP with the experimentally obtained data at similar
case [20].

which is compared with the data graph of J. Wang at
50% fill ratio[20]. Table 1 presents us with the data
comparison of the experiment with D. Baitule and P.
Pachghare’s data[19]. The lowest thermal resistance
achieved is equivalent to each other. Hence through
this validation, the error is found to be 7.073% at the
lowest thermal resistance. The deviation of the data and
the error may occur due to differences in surface area,
ambient temperature, loss of input heat, and the steady
state time for the experiment.The evaporator and con-
denser’s temperature varies with heat applied along with
the working fluid. The data obtained from the experi-
ment is presented in Figure 15 which is compared with
the data graph of J. Wang at 50% fill ratio[20].

4. Conclusion
The experiment has given an account of experimental
modeling and numerical modeling in single-turn PHP
under different heating conditions in ANSYS fluent. It
was conducted with 40%, 50%, and 60% FRs at 388K,
393K, and 398K temperatures. The PHP’s thermal re-
sistance was derived across all the mentioned cases.
Thermal resistance obtained from the simulation and
the experiment are relatively the same for the startup
case. further data collection through simulation is re-
quired to visualize the continuous flow of water and
vapor plug since the simulation was only possible for
3.25s. The velocity of the fluid was observed at a cross-
section of a pipe for different time steps. The following
conclusion has been made from the experiment:

1. Comprehensive results of PHP’s thermal resis-
tance by varying FRs at different heating condi-
tions experimentally which is the best for a 60%
FR at 393K were obtained.

2. The evidence of the heat-transferring mechanism
of PHP through the study of temperature obtained
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from the experimental and numerical modeling
was provided by the experiment.

3. The water flow behavior and formation of vapor
and liquid slugs were confirmed through the nu-
merical modeling of the volume fraction contour
for water phase.

4. The phase change of fluid was proved by changing
the liquid phase volume fraction in the evaporator
at varying time intervals.

The findings of this study suggest that the fluid in the
PHP undergoes oscillating flow from the velocity vector
contour of the fluid and also from numerical modeling
and this is effective for cooling systems. The impli-
cations of other operation parameters can be studied
fuRther to fully understand the chaotic flow nature of
PHP.
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