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ABSTRACT
Thermosyphons have high effective thermal conductivity and are applicable for different heat
transfer purposes including cooling devices and heat exchangers. In the present study, thermal per-
formance of a thermosyphon is experimentally investigated by using Ni/Glycerol–water nanofluid
in three concentrations including 0.416, 0.625 and 1.25 g/lit. Experimental results revealed that
using the nanofluid with 0.625 g/lit concentration leads to lowest thermal resistances. Afterwards, a
thermosyphon-based heat exchanger is designed and numerically investigated to compare its per-
formance with copper heat exchanger. Since the effective thermal conductivity of thermosyphon
depends on temperature differencebetween condenser and evaporator, a novel approach is applied
to achieve precise modeling. Effects of mass flow rates of cold and streams and inlet tempera-
ture of hot stream on heat transfer rate are evaluated. Results revealed that using thermosyphon
instead of copper tubes with the same dimensions results in more than 100% improvement in heat
transfer capacity. Moreover, it is concluded that increase in the mass flow rates of the streams and
inlet temperature of hot stream lead to increase in heat transfer rate. A 3D graph is represented to
evaluate the influences of hot stream temperature and mass flow rate on the heat transfer rate of
thermosyphon-based heat exchanger.
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1. Introduction

Heat pipes are broadly utilized in thermal mediums due
to their ability in efficient heat transfer (Alhuyi Nazari,
Ahmadi, Ghasempour, & Shafii, 2018; Nazari, Ahmadi,
& Ghasempour, 2018). Gravity-assisted heat pipes (ther-
mosyphons) have simple structure and favorable perfo-
mance. These devices consist of a tube (generally metal
tube to have high conductive heat transfer), and par-
tially charged with an operating fluid. The main parts of
a thermosyphon are condenser and evaporator sections.
The working fluid inside the tube evaporates due to heat
transfer with heat sink and moves to condenser since it
has lower density in comparison with liquid. Afterwards,
by heat dissipation in condenser, the vapor converts into
liquid and returns to the evaporator due to gravity. A
schematic of a thermosyphon is illustrated in Figure 1.

There are various affecting factors on thermal behav-
ior of thermosyphons (Asirvatham, Wongwises, & Babu,
2016; Jafari, Filippeschi, Franco, & Di Marco, 2017;
Sarafraz, Hormozi, & Peyghambarzadeh, 2014). Thermal
conductivity of tube is an influential parameter due to its
impact on conductive heat transfer mechanism. Filling

CONTACT Mohammad Hossein Ahmadi mhosein.ahmadi@shahroodut.ac.ir

ratio is another effective factor. High filling ratios have
unfavorable effect on boiling in evaporator section while
low filling ratios increase the possibility of dry-out due
to lack of liquid in evaporator. The optimum filling ratio
obtained based on experimental studies and varies for
each case. Inclination angle is another parameter which
play key role in heat transfer since it affects fluid cir-
culation inside the thermosyphon. Generally, vertical or
near vertical orientations are more appropriate dye to
assistance of gravity in liquid return from condenser to
evaporator. Operating fluid and its thermophysical prop-
erties are among the most important factor influence on
thermal performance. There are some studies which have
focused on modeling the thermal resistance of the heat
pipes systems by considering effective factors which give
better insight into these parameters (Ahmadi et al., 2018).

Nanofluids are employed in thermal mediums to
enhance heat transfer (Fereidoon, Saedodin, Hemmat
Esfe, & Noroozi, 2013; Zeinali Heris, Kazemi-Beydokhti,
Noie, & Rezvan, 2012). Several studies have experimen-
tally investigated the applications of nanofluids in ther-
mosyphons (Ghaderian et al., 2017; Liu, Yang, & Guo,
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Figure 1. Schematic of a thermosyphon.

2007; Shanbedi, Heris, Baniadam, Amiri, & Maghrebi,
2012). Most of them concluded that using nanoflu-
ids can enhance the thermal performance of ther-
mosyphons. Augment in effective thermal conductivity
of thermosyphons filled with nanofluids is attributed to
enhancement of operating fluid higher thermal conduc-
tivity (in comparison with pure fluids) and higher nucle-
ation sites because of sedimentation of nanoparticles.

Computational approaches for solving engineering
problems gain importance due to their effectivenss and
applicability (Faizollahzadeh Ardabili et al., 2018). Com-
putational Fluid Dynamics (CFD) is a powerful method
in modeling various systems (Faizollahzadeh Ardabili
et al., 2018). This approach is applicable in various engi-
neering system to obtain their behavior. For instance,
Mou et al. (Mou, He, Zhao, & Chau, 2017) used CFD in
order to investigate the influence of dimensional changes
of buildings on distribution of wind pressure. CFD is
applicable in modeling heat transfer with high accuracy
(Alizadeh et al., 2018). Due to the mentioned advantages
of CFD, it is widely applied to model the thermal devices
such as heat exchangers.

In the current research, Ni/Glycerol–water nanoflu-
ids in three concentrations are used in a thermosyphons.
Afterwards, the thermal characteristics of the ther-
mosyphon filled with the best fluid is used for modeling
a heat exchanger. Finally, heat transfer capacity of the
heat exchanger in various conditions is compared with a
heat exchanger with similar dimensions made of copper.
The type of nano particles used in this study is evalu-
ated in thermosyphon for the first time. Moreover, the
modeling of nanofluidic thermosyphon heat exchanger is

represented which is another novelty of the present study.
The proposed approach for numerical simulation of the
heat exchanger is based on a novelmethod applied in heat
pipe modeling in recent studies.

2. Material andmethods

The current study contains both experimental and
numerical sections. In the first subsection of this part,
experimental set-up is explained and the second subsec-
tion, numerical approach is described.

2.1. Experimental set-up

In order to evaluate the effect of adding Ni nanoparticles
to a base fluid on the thermal performance of a ther-
mosphyon, an experimental set-up was designed. The
lengths of evaporator, condenser and adiabatic section of
the thermosyphon were equal to 105, 180 and 105mm,
respectively. The outer dimeter of the tube was 14mm
and its thickness was 0.75mm. The material of the tube
was copper to achieve the highest heat transfer capac-
ity. A schematic of the tested thermosyphon is shown in
Figure 2.

Three K-type thermocouples were used to measure
temperatures. Two of them were installed in evapora-
tor section and the other one was located in condenser
section. In order to determine thermal resistance of
the thermosyphon, average temperature of evaporator
is used for calculation. All of the thermocouples were

Figure 2. Schematic of the tested thermosyphon.
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Figure 3. Ni/glycerol-water nanofluid.

connected to LUTRON BTM-4208 SD data logger. The
frequency of data acquisition was 0.5 Hz.

Water was utilized in all experiments to cool down the
condenser section. The mass flow rate of the water kept
constant and its temperature difference between inlet and
outlet was lower than 1°C. Since heat input affects boiling,
and as a consequence heat transfer, the heat input var-
ied in the range of 30 and 110W. Ni-Cr heating wire was
used in evaporator section as heater. In order to provide
heat for the evaporator section, a power supply made by
Rayannik Company was used.

The utilized nanofluid was Ni/Glycerol–water as
shown in Figure 3. Since Ni nanoparticles were stable in
the glycerol, it was used as the based fluid. Water was
added to the nanofluid to have working fluid to have fluid
with lower density. The volumetric water/glycerol ratio
was equal to 3 to1 in all of the tests. Ni/glycerol nanofluid
was prepared by Eastnanotech Company. The average
size of nanoparticles was 30 nm. In order to fill the ther-
mosyphon, firstly, a vacuum pump was applied to reduce
the amount of non-condensable gases in the tube. After-
wards, the thermosyphon was filled with working fluid.
Filling ratio in all tests was equal to 70% of evaporator
volume.

2.2. Numerical method

In order to obtain the thermal capacity of the heat
exchanger, mass conservation, conservation of momen-
tum and energy equations are utilized. Time-dependent
mass conservation equation for fluid flows is represented
in Equation (1) (Alizadeh, Ghasempour, Razi Astaraei, &
Alhuyi Nazari, 2016).

∂ρ

∂t
+ ∇ .(ρ�v) = Sm (1)

Sm refers to mass sink or source in the domain of
flows, ρ is density and �v is the vector of velocity.

Conservation of momentum for the flow of fluids is
shown in Equation (2).

∂(ρ�v)

∂t
+ ∇ .(ρ�v.�v) = −∇p + ∇ . ¯̄τ + ρ�g + �F, (2)

where p refers to pressure field, g is gravitational accel-
eration, �F is the external body force and ¯̄τ indicates the
stress tensor as represented in Equation (3).

¯̄τ = μ[(∇ .�v + ∇ .�vT) − 2
3
∇ .�v. ¯̄I] (3)

In this study, k–ε turbulent model is applied for turbu-
lence modeling.

∂(ρk)
∂t

+ ∇ .(ρ�vk) = ∇ .
[(

μ + μt

σk

)
∇k

]

+ Gk + Gb − ρε (4)

∂(ρε)

∂t
+ ∇ .(ρ�vε) = ∇ .

[(
μ + μt

σε

)
∇ε

]

+ C1ε
ε

k
[Gk + C3εGb] − C2ερ

ε2

k
(5)

In the above equations, k refers to the turbulent kinetic
energy, ε refers to the dissipation rate, Gk is generation
of turbulent energy because of gradients of mean veloc-
ity, and Gb represents generation of turbulent energy due
to buoyancy. C1ε , C2ε and C3ε are the constants of the
model. σε and σk refer to the turbulent Prandtl num-
bers for ε and k respectively. Turbulent viscosity (μt)

calculated by

μt = ρCμ

k2

ε
(6)

Cμ is a constant. The assumed values for the constants
used in Equation (5) are C1ε = 1.44, C2ε = 1.92, Cμ =
0.09, σk = 1 and σε = 1.3. More details are explained
in ref (ANSYS fluent software package: user’s manual,
Version 17, n.d.).

In addition to the mentioned equations, energy bal-
ance was used to obtain temperatures and heat transfer
rate. The energy balance for a fluid flow is represented in
Equation (7).

∂

∂t
(ρh) + ∇ .(�vρh) = ∇ .(k∇T) + Sh (7)

ANSYS CFX 17.0 is used to solve the equations. The
equations were discretized by finite volume approach.
The structured mesh was used for the domains and the
overall number of elements were equal to approximately
945,000. No-slip boundary condition was assumed at the
wall of fluid domains. The outlet pressure for both hot
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and cold streams assumed to be atmospheric. The inlet
velocity of cold stream and mass flow rate of hot streams
varied to compare the results. The convergence crite-
rion for the residuals for the equations were set as 10−6.
In the simulation process, two heat exchangers, one of
them with thermosyphons and another one with copper
bars (which have dimeter equal to outer dimeter of the
thermosyphons) were considered.

3. Experimental results

As mentioned in previous section, three nanofluids and
a mixture of water/glycerol were used as working fluids.
In order to compare thermal performance for each work-
ing fluid, the temperatures of condenser and evaporator
sections were measured. The thermal resistance of the
thermosyphon was calculated by applying Equation (8):

R = T̄e − T̄c

Q̇
(8)

where T̄e and T̄c are average temperatures of evaporator
and condenser sections, respectively. Q̇ is thermal energy
input which varied between 30 and 110W.

In Figure 4, thermal resistance of the thermosyphon
with various working fluids is represented.

As shown in Figure 4, it can be concluded that
there is an optimum concentration for the nanoparti-
cles in the base fluid. Increase in concentration results in
nanofluid’s higher thermal conductivity (Ahmadi et al.,
2018; Ahmadi, Ahmadi, Nazari, Mahian, & Ghasem-
pour, 2018; Ahmadi, Mirlohi, Nazari, & Ghasempour,
2018) which is favorable for heat transfer in the ther-
mosyphon; however, the dynamic viscosity of the fluid
will be increased which has adverse effect on thermal
performance. Due to this fact, there must be an opti-
mal concentration for solid particles in the base fluid.
Moreover, nanoparticles existence can increase nucle-
ation sites which can be another reason for heat transfer

Figure 4. Thermal resistance vs. heat input.

augment (Nazari, Ghasempour, Ahmadi, Heydarian, &
Shafii, 2018).

Based on the thermal resistance of the thermosyphon,
its effective thermal conductivity was obtained. In order
to determine effective thermal conductivity in heat pipes,
Equation (9) is applicable (Alizadeh et al., 2016):

Keff = leff
R.A

(9)

In the above equation R is thermal resistance, A is cross
section area of the thermosyphon and leff is effective
length of thermosyphonwhich can be calculated by using
Equation (10).

leff = lad + 1
2
(le + lc), (10)

where lad, lc and le refer to lengths of adiabatic, condenser
and evaporator sections, respectively.

By using the abovementioned equations, thermo
syphon’s effective thermal conductivity obtained for var-
ious concentrations. Results are represented in Figure 5.

As it was mentioned, the best thermal performance
of the thermosyphon was observed in the case of using
nanofluid with 0.625 g/lit concentration. Enhancement
in thermal performance of the thermosyphon can be
attributed to both thermal conductivity and nucleation
sites increase. At high concentrations, the dynamic vis-
cosity of the working fluid increases, which has unfa-
vorable impact on heat transfer and fluid circulation.
Therefore, there must be an optimum concentration for
the solid phase in the base fluid to achieve the highest
effective thermal conductivity.

In the next section, the simulation of the heat
exchanger is performed based on the data obtained for
the thermosyphon filled with nanofluid with 0.625 g/lit
concentration.

4. Numerical results

On the basis of experimental data, a numerical sim-
ulation was performed to analyze the performance of
thermosyphons in heat exchanger. In order to achieve
this goal, a heat exchanger was designed with 34 ther-
mosyphons. The structure of thermosyphons in the
heat exchanger were rectangular. The distance between
thermosyphons centers is equal to 20mm. The lengths
of thermosyphon in hot stream and cold streams are
105mm. In addition, a distance is considered between
the streams which is the adiabatic section of the ther-
mosyphon and its length is 180mm. A schematic of the
designed heat exchanger is shown in Figure 6.

The hot stream of the heat exchanger was water and
the cold stream assumed to be air. The thermosyphon’s
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Figure 5. Effective thermal conductivity of thermosyphon.

Figure 6. Schematic of heat exchanger.

effective thermal conductivity was assumed as a function
of evaporator and condenser temperature difference. This
assumption is utilized in heat transfer modeling of other
types of heat pipes (Alizadeh et al., 2018). Effective ther-
mal conductivity vs. temperature difference is shown in
Figure 7.

In the first step, the influence of water mass flow
rate (hot stream) on the thermal capacity of the heat
exchangerwas investigated. Threemass flow rates includ-
ing 0.3, 0.5 and 0.7 kg/s were considered in simulation.
The inlet temperature of water was 80°C and the velocity
and temperature of inlet air (cold stream) were equal to
70m/s and 20°C. The obtained results under this condi-
tion is represented in Figure 8.

According to Figure 8, increase in mass flow rate
results in higher heat transfer. Higher mass flow rate
of hot water means increase in heat input for the ther-
mosyphons which leads to increase in effective ther-
mal conductivity (as shown in Figure 5); therefore,
enhancement in heat transfer rate of thermosyphon heat
exchanger is higher than copper heat exchanger.

Another influential parameters on heat transfer rate
of heat exchanger is temperature of inlet water. Simi-
lar to the previous condition, higher temperatures of hot
water increase heat input at the evaporator part of the
thermosyphon; therefore, the effective thermal conduc-
tivity will increase. In this study, three inlet temperatures
including 70, 80 and 90°C were considered in simu-
lation. The air temperature and velocity in this stage
were equal to 20°C and 70m/s, respectively. Mass flow
rate of water was 0.5 kg/s. Results are represented in
Figure 9.

As shown in Figure 9, increase in water inlet tempera-
ture resulted inmore enhancement in heat transfer rate of
thermosyphon heat exchanger which can be due its two-
phase thermal behavior (increase in boiling at higher heat
input).

Finally, the effect of inlet air velocity was investigated.
It was assumed that the inlet temperature of water is 80°C
and its mass flow rate is equal to 0.5 kg/s. The tempera-
ture of inlet air is equal to 20°C. The results are shown in
Figure 10.
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Figure 7. Effective thermal conductivity vs. temperature difference.

Figure 8. Effect of water mass flow rate on heat transfer rate.

Figure 9. Effect of water inlet temperature on heat transfer rate.
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Figure 10. Effect of air velocity of heat transfer rate.

Figure 11. Effect of mass flow rate and temperature of water on heat transfer rate.

Based on the obtained results, increase in air veloc-
ity has higher impact on thermosyphon heat exchanger
which can be attributed to increase in heat transfer rate in
the condenser section of the thermosyphons. Increase in
the air velocitywhich is a cold stream, leads to better cool-
ing condition and lower temperature at the condenser; as
a consequence, the temperature difference between con-
denser and evaporator increase which results in effective
thermal conductivity augment as represented in Figure 5.

The effects of water mass flow rate and temperature
on heat transfer rate of heat exchanger is illustrated in
Figure 11.

Comparing heat transfer rate between thermosyphon
heat exchanger and copper heat exchanger reveals that
using thermosyphons results in much better thermal
performance which is attributed to its higher effective
thermal conductivity in comparison with metals. The
maximum heat transfer rate for 90°C water inlet tem-
perature and mass flow rates of water equal to 0.5 kg/s
and 70m/s air speed were equal to 1621 and 689W, for
thermosyphon and copper heat exchanger, respectively.
Similar to conventional heat exchangers, increase inmass
flow rates of the streams leads to higher heat transfer

rate. In addition, it can be concluded that changes in heat
transfer rate of thermosyphon heat exchanger is more
significant due to its higher heat transfer coefficient.

5. Conclusion

In the current study, thermal performance of a ther-
mosyphon filled with Ni/Water–glycerol was investi-
gated in three concentrations including 0.416, 0.625t and
1.25 g/lit. It was observed that using the nanofluid with
0.625 g/lit concentration led to the best thermal perfor-
mance. Afterwards, a heat exchange was designed based
on the dimensions of the thermosyphon and its heat
transfer was compared with another heat exchanger used
copper bars with the same dimensions and geometry.
Obtained results revealed that using thermosyphon heat
exchanger is much more efficient compared with cop-
per heat exchanger. Under a specific condition, it was
observed that using thermosyphon heat exchanger led to
135% increase in heat transfer rate in comparison with
copper heat exchanger.

Future studies should focus on using more concentra-
tions to obtain the best concentration in order to have
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the highest efficiency. In addition, using other base fluids
with dispersed Nickel nano particles can lead to bet-
ter thermal performance which should be considered in
future researches.
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