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The efficiency of two-phase closed thermosyphon (TPCT) with nanofluid as working fluid under 
magnetic field effect was investigated experimentally. In this study, silver/water nanofluid with different 
concentration (20 to 80ppm) is tested. Also, magnetic field with various strength (0.12, 0.35 and 1.2 T) 
exerted to TPCT by permanent magnet. It was seen that the TPCT heat transfer performance and the 
thermophysical properties of the base fluid are considerably affected by the nanoparticles addition and 
magnetic field. According to the experimental result, the thermal efficiency of thermosyphon 
significantly increased with the nanoparticles concentration increasing as well as magnetic field 
strength, and the TPCT shows better performance in the highest value of concentration (80 ppm) and 
magnetic field (1.2 T). Moreover, the experimental results represent that thermal efficiency in the 
presence of magnetic field somewhat increases. 
 
Key words: Silver/water nanofluid, permanent magnet, two phase closed thermosyphon, thermal efficiency, 
heat transfer enhancement, magnetic field. 

 
 
INTRODUCTION 
 
The new technological developments as well as the 
industrial process intensification have made the need for 
more efficient heat exchanging systems a contemporary 
demand. Therefore, the scientific interest is focused both 
on improving the equipment design and on enhancing the 
thermal capability of the working fluids. Most commonly 
used working fluids in heat exchangers are water, 
methanol, ethylene glycol and oil which are originally 
poor heat transferring fluids. Numerous techniques have 
been introduced to improve the thermal performance of 
these fluids. Consequently, fluids with nanosized particles 
suspended in them which are later called nanofluids have 
been proposed by Choi (1995). Nanofluids are also well 
known in production of nanostructured materials (Tseng 
and Wu, 2002), engineering of complex fluids (Tohver et 
al.,  2001)   as   well   as   enhancement   of  wetting  and  
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spreading behavior (Wasan and Nicolov, 2003).  
Kim et al. (2006) investigated the effects of thermo- 

diffusion and nanoparticles on convective instabilities in 
binary nanofluids, and indicated that the Soret effect of 
solute that dissolved in binary nanofluids makes binary 
nanofluids unstable. Also, from their results, it can be 
found that the heat transfer enhancement by the Soret 
effect in binary nanofluids is more significant than that in 
normal nanofluids. Kang et al. (2006) investigated the 
thermal conductivities of silica, silver and ultra-dispersed 
diamond (UDD) nanoparticles suspension. The experi-
mental results show that thermal conductivity enhance-
ment was up to 70% for the best case of 1% UDD in 
ethylene glycol. In order to estimate the exact thermal 
conductivity, they used the effective particle volume 
fraction which was estimated by the measurement of vis-
cosity. Their results show that heat transfer mechanisms, 
such as phonon transport in the solid/liquid interface and 
electron transport, must be considered to estimate the 
exact thermal conductivity of nanofluid. The mechanism 
of heat transfer intensification, recently brought  about  by 
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nanofluids is analyzed by Quaresma et al. (2010) in the 
light of the non-Fourier dual-phase-lagging heat con-
duction model. The mathematical formulation for this 
problem is analytically solved with the classical integral 
transform technique, thus providing benchmark results for 
the temperature predicted with the dual-phase-lagging 
model.  

Zeinali et al. (2007) numerically studied laminar fully 
developed convective heat transfer of a nanofluid through 
a circular tube with constant wall temperature boundary 
condition. They used the dispersion model, in which the 
effect of random movement of nanoparticles inside the 
liquid is considered as excess terms in the heat transfer 
equation. Model predictions have clearly revealed that 
addition of nanoparticles to the base fluid produces 
remarkable increase in heat transfer coefficients as 
compared to the base fluid. The results obtained by 
numerical solution show that increasing nanoparticle size 
decreases Nusselt number at a specific concentration. Yu 
et al. (2008) in their review paper, illustrated that the 
nanofluid development and manufacturing is still 
considered to be in the research stage, and many factors 
need to be optimized before commercial application. 
Problems of nanoparticles agglomeration, settling and 
erosion potential, all need to be addressed in detail. 
Kulkarni et al. (2008) during investigation of  SiO2 
ethylene glycol/water nanofluid indicated that the 
viscosity of nanofluids decreases with nanoparticles size 
increasing, also, heat transfer coefficients of nanofluids 
increase with volume concentration.  

Duursma et al. (2009) used spray cooling in cooling of 
electronic devices to remove large heat fluxes. The effect 
of nanoparticles on droplet boil-off was studied in their 
work. Increasing nanoparticles concentration decreases 
the receding droplet breakup on rebound after impinge-
ment and appears to reduce the maximum spreading of a 
droplet as well. Experimental measurements of the heat 
fluxes associated with the pure and nanofluid droplets did 
not show significant enhancement, though there was 
noticeable improvement in the nanofluids. Zeinali et al. 
(2009) experimentally investigated Cu/water nanofluid 
laminar convective heat transfer performance in a circular 
tube with constant wall boundary condition. Based on 
experimental results, the heat transfer coefficient was 
influenced by Peclet number, as well as Cu nanoparticles 
volume concentrations. It seems that there is an optimum 
concentration for Cu nanoparticles in water, in which 
better enhancement for heat transfer can be found. 

Critical heat flux of TiO2/water and Al2O3/water 
nanofluids in pool boiling is studied by Kim et al. (2007). 
Research of mechanisms of thermal nanofluids on 
enhanced critical heat flux is carried out by Wen (2008). 
His results showed that the structural disjoining pressure 
can significantly increase the wettability of the fluids and 
inhibit the dry patch development. Zhu et al. (2010) 
studied thermal physics and critical heat flux 
characteristics of Al2O3/water nanofluids. It found  that  a  
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significant enhancement in critical heat flux (CHF) could 
be achieved at modest nanoparticles concentrations. 
Compared to CHF of pure water, an enhancement of 
113% over that of nanofluids was found. Scanning 
electron microscope photos showed that there was a 
nanoparticles layer formed on the heating surface for 
nanofluid boiling. The coating layer makes the nucleation 
of vapor bubbles easily formed.  

  Two-phase closed thermosyphon (TPCT) is a high 
performance heat transfer device which is used to 
transfer a large amount of heat at a high rate with a small 
temperature difference. Many studies have been done to 
improve the efficiency and thermal performance of 
thermosyphon. di Francescantonio et al. (2008) studied 
the Marangoni effect and heat transfer enhancement of 
new alcohol solutions as binary mixtures with a non-linear 
dependence of the surface tension with temperature for 
heat pipes. Chang et al. (2008) experimentally investi-
gates the thermal performance of the heat pipe cooling 
system with the thermal resistance model. The result 
shows that the evaporation resistance and the con-
densation resistance both grow with increasing heating 
power and decreasing fill ratio. Flooding phenomenon is 
caused by the opposite flow direction of vapor and liquid 
in a closed two-phase system.  

Some researchers have used nanofluid as 
thermosyphon working fluid and have studied the thermal 
performance of TPCT using nanofluid (Lin et al., 2008; 
Coursey and Kim, 2008; Khandekar et al., 2008; Kang et 
al., 2009; Naphon et al., 2009). The effect of silver 
nanofluid on pulsating heat pipe thermal performance is 
studied by Lin et al. (2008). Coursey and Kim (2008) 
studied the effect of surface wettability on nanofluid 
boiling. Khandekar et al. (2008) have studied thermal per-
formance of a close two-phase thermosyphon charged 
with nanofluids and observed that nanofluids show 
inferior thermal performance than pure water. Kang et al. 
(2009) experimentally investigated 10 to 35 nm Ag/water 
nanofluids on sintered circular heat pipe. With the same 
loading volume, they showed that the temperature 
difference between two ends of heat pipe with nanofluid 
decreased 0.56 to 0.65°C as compared to pure water. 
Naphon et al. (2009) have used refrigerant/nanoparticles 
nanofluid as working fluid in a heat pipe, and stated that 
at optimum condition for pure refrigerant, the heat pipe 
with 0.1% concentration of nanoparticles operates with 
efficiency 1.40 times higher than that with pure 
refrigerant. 

Yang et al. (2009) studied performance characteristics 
of pulsating heat pipes as integral thermal spreaders. 
Khandekar et al. (2009) studied the multiple quasi-steady 
states in a closed loop pulsating heat pipe. Noie et al. 
(2009) studied heat transfer enhancement using Al2O3/ 
water nanofluid in a two-phase closed thermosyphon. 
Based on experimental results, they expressed that for 
different input powers, the efficiency of the TPCT 
increases up to 14.7%  when  Al2O3/water  nanofluid  was
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Figure 1. Schematic of experimental test rig. 

 
 
 
used instead of pure water. Kang et al. (2006) used 10 
and 35 nm Ag/water nanofluid as working fluid on heat 
pipe and represent the thermal enhancement of heat pipe 
performance adding silver nanoparticles to pure water, 
but the results indicated that the thermal resistances of 
heat pipe decrease as the Ag nanoparticles size and 
concentration increase.   

One of the simplest ways to provide additional body 
force to a working fluid and heat transfer enhancement is 
magnetic force. Quantitative treatment of fluid convection 
under magnetic fields was initiated by Bai et al. (1999). 
Braithwaite et al. (1991) used magnetic fields both to 
enhance and suppress the Rayleigh-Benard convection 
in a solution of gadolinium-nitrate, and showed that the 
effect depends on the relative orientation of the magnetic 
force and the temperature gradient. Jeyadevan et al. 
(2005) evaluated the performance of heat pipe using 
citric ion-stabilized magnetic fluid as working fluid. 
Fornalik et al. (2006) studied convection of a para-
magnetic fluid inside a vertical cylinder placed in the bore 
of a superconducting magnet. Fukuzawa and Fuji, (1978) 
experimentally investigated influence of transverse mag-
netic field on heat transport characteristics of potassium 
heat pipe. Kaneda et al. (2002) presented the induction of 
magnetic convection in stably stratified air in a cube 
heated from above and cooled from below.  They found 
that without a magnetic field, the conduction was stable, 
but under the magnetizing force, a strong downward flow 
occurred from the center of the top heated plate. Maki et 
al. (2002) applied magnetizing force for natural 

convection of air in a shallow cylindrical enclosure heated 
from below and cooled from above. The average Nusselt 
number were enhanced about twice at the location +66 
mm above the coil center under 3.40 Tesla (T) and 
decreased to Nu = 1.12 to 1.28 at the location -66 mm 
below the coil center for the Rayleigh number from 3520 
to 6980. A model equation for magnetizing force was 
derived and numerically computed for Pr = 0.7 and Ra = 
2100 and 7000. Salehi et al. (2011) investigated the 
TPCT thermal resistance and Nusselt number ratio using 
CuO/water nanofluid as the working fluid under magnetic 
field. They expressed that although, Nusselt number in 
the presence of magnetic field was somewhat increased, 
but the experimental results indicated that the TPCT heat 
transfer rate is better enhanced through nanofluid 
concentration increment as compared to magnetic field 
strength enhancement.    

In the present study, the effect of magnetic field 
strength and Ag/water nanofluid concentration as working 
fluid on the two-phase closed thermosyphon heat transfer 
performance was investigated experimentally. 
 
 
EXPERIMENTAL SETUP  

 
Figure 1 shows the schematic of experimental set up. As shown, 
the test rig consists of a heater, condenser for cooling the 
condensation section, two parallel plates of permanent magnet and 

also, measuring instruments. Working fluid are pure water and 
Ag/water nanofluid. Various concentrations of silver nanoparticles in 
distilled water have been used (20, 40, 60 and 80 ppm). Physical
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Table 1. Different parts of thermosyphon. 
 

Thermosyphon part Characteristics 

Long copper tube 0.40 mm l, 20 mm ID, 22 mm OD 

Evaporator sections 0.20 m  total length, can varied by varying the length of the electrical resistance 

Adiabatic sections 0.05 m total length 

Condenser section 0.15 m long, 45 mm OD 

 
 
 
properties of nanoparticles were taken from the manufacturer data 

sheet (density ρs = 10490 kg/m
3
, heat capacity Cps = 232 J/kg.K, 

thermal conductivity Ks = 429 W/m.K). 
A mechanical vacuum pump capable of up to -0.9 bar and 

pumping capacity of 142 lit/min was used for partial elimination of 
the non-condensable gases from the thermosyphon. Figure 1 
shows the detail of experimental apparatus. The thermosyphon 
consisted of a 400 mm long copper tube having an inside diameter 
of 20 mm and outside diameter of 22 mm. The tube was sealed at 
one end and was provided with a vacuum valve at the other. Table 

1 represents the different parts of thermosyphon. The condenser 
section of the pipe consisted of a 0.15 m long (45 mm outside 
diameter (OD)) concentric tube acting as running water jacket 
surrounding the pipe. An electrical resistance of a nominal power 
250 W, which was wrapped around the evaporator section, heated 
the evaporator section. To prevent heat loss, the electric elements 
were insulated by Rock Wool having a thickness of 20, 10 and 20 
mm in vaporization, adiabatic and condensation section, respective-
ly. The power supplied to the evaporator section was determined by 
monitoring the applied voltage and ampere.  Running water inlet 
and outlet temperatures were measured using digital mini-
thermometer with an accuracy ± 0.1°C. The flow rate of cooling 
water was 200 ml/min. The nanofluid was charged into the tube 
under -0.9 bar relative vacuum pressure. The mini-thermocouples 
were mechanically attached to the surface of the pipe. Permanent 
magnets (0.12, 0.35 and 1.2 T) are placed on the vaporization 
section. All the electrical (such as thermocouples, thermometers, 

ammeter and voltmeter) and mechanical equipments (such as 
rotameter) were calibrated initially. 
 
 
DATA PROCESSING AND TEST PROCEDURE 

 
The rate of heat transfer to the evaporator section was calculated 
from the following relation (Noie, 2005): 
 

 VIQin                                                                  (1) 

 
In Equation 1, the heat loss by radiation is neglected because of 
very small amount of it in low temperature. The free convection heat 
transfer rates to the outside atmosphere has been calculated and 
due to the thickness and heavy insulation of fiberglass blanket, this 
quantity has been neglected, because it has very small amount. 
The total heat loss was about 2.5% of the input power to the 
evaporator section. 

The rate of heat removal from the condenser section was 
obtained from the following relation (Noie, 2005): 
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Also, Nusselt number was obtained from the following relation (Maki 
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In Equation 5,   is the temperature difference between 

condensation and vaporization section, k is thermal conductivity of 
working fluid of the thermosyphon, d and l are diameter and length 
of the thermosyphon, respectively.  

Therefore: 
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Thermal resistance that was obtained from the following relation 
(Khandekar et al., 2008):     
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Also, thermal efficiency of heat pipe is calculated (Noie et al., 
2009): 
 

 

in

out
th

Q

Q


                                                                 (8)    
 
Test procedure began by charging distilled water and Ag/water 
nanofluid with different concentration as working fluid. The 
evaporator filling ratio inside thermosyphon was 40% in all 
experiments. Experiments were carried out with increasing input 
heat in the range of 12 < Q < 40 W to the evaporator section. The 

measured temperature of condenser section wall was 21.5°C for 12 
W, 22°C for 24 W and 23°C for 40 W input power.  After 30 to 40 
min, when the system reached the steady state, data was recorded. 
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Figure 2. Effect of magnetic field on the thermal resistance for 12 W. 

 
 
 
The hot and cold wall temperatures and mass flow rate of running 
water were measured to provide the thermal resistance. It is noted 
that the mass flow rate of running water was 200 g/min constant 
during experiments. Also, inlet and outlet temperatures of running 
water were measured to provide the rate of heat removal from 
condenser section, and calculate the TPCT Nusselt number. After 
completing the experiments in the absence of magnetic field, the 
permanent magnetic was changed from 0 to 1.2 T and the magnetic 
field was applied to the system. After 15 to 20 min, when the 
system reached the steady state, procurers were repeated.  

Uncertainty of the experimental data may have resulted from 
measuring errors of parameters, such as current, voltage, inlet and 
outlet temperature of the cooling water, and mass flow rate, and 
can be calculated using the following relations for analysis of 

experimental uncertainty (Holman, 1989): 
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The thermocouples used have a maximum precision of 0.1°C. Flow 
rates were measured directly from the time taken to fill a glass 
vessel of known volume, with 5.0% uncertainty in measurement. 
The maximum precision of the ammeter and voltmeter was 0.1 V 
and 1 A, respectively. The maximum uncertainty of thermal 
resistance and Nusselt number is 4.5 and 3.5%, respectively using 
aforementioned relations. 

 
 
EXPERIMENTAL RESULTS  
 
Figure 2 shows the thermal resistance of TPCT versus 
magnetic field for various concentrations of nanofluid at 
input power of 12 W. It was recognized that the 
resistance decreases as strength of magnetic field 
increase. Also, thermal resistance decreases as 
concentration of silver nanoparticles increase. For 
example, at 0.35 T, the resistance of thermosyphon 
decreased 3.22% using 20 ppm of silver/water nanofluid 
as compared to pure water, but at 1.2 T and the same 
concentration of Ag/water nanofluid, the resistance 
decrease was 5.37%.  

Figure 3 shows the thermal resistance of TPCT versus 
magnetic field for various concentrations of nanofluid at 
input power of 24 W. It was understood that the resi-
stance decreases with magnetic field strength increasing 
as well as Ag/water nanofluid concentration increasing. 
For example, at 0.12 T, the resistance of thermosyphon 
decreased by 2.38% using 40 ppm of silver nanoparticles 
in pure water, but at 1.2 T, the  resistance  decrease  was
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Figure 3. Effect of magnetic field on the thermal resistance for 24 W. 
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Figure 4. Effect of magnetic field on the thermal resistance for 40 W. 

 
 
 
4.57% as compared to water with no Ag nanoparticles 
added to it.  

Similar to Figures 2 and 3, Figure 4 shows the thermal 
resistance of TPCT versus magnetic field for various 
concentrations of nanofluid, but input power is higher 
than the aforementioned tests, and is 40 W. The same 
results obtained from Figures 2 and 3 could be found 
here and it was recognized that the resistance decreases 
as strength of magnetic field increases. Also, thermal 

resistance decreases as concentration of silver nano-
particles increase. For example, at 0.12 T, the resistance 
of thermosyphon decreased by 2.58% using 20 ppm of 
silver nanoparticles in pure water, but at 1.2 T, the 
resistance decrease was 4.83%. The comparison bet-
ween Figures 2 to 4 represent that the thermal resistance 
of TPCT decreased with input power increasing, but the 
effect of nanofluid and magnetic field strength on TPCT 
thermal resistance decrement decreased as compared to
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Figure 5. Effect of magnetic field on the thermal efficiency for 12 W. 

 
 
 
pure water by increasing input power.  

To interpret the thermal resistance decreasing with 
nanofluid concentration increasing, it may be said that the 
total thermal resistance of a TPCT between evaporator 
and condenser section consisted of thermal resistance in 
the heat pipe wall, the thermal resistance due to 
evaporation and condensation (evaporator and 
condenser sections) and the thermal resistance in the 
two-phase flow through heat TPCT length.  The wall 
thermal resistance is independent of the working fluid. 
Thermal resistances at the evaporator and condenser 
sections were influenced by several parameters, such as 
surface condition of heat pipe inner wall. Generally, the 
bubble formation is related to the surface wettability and 
roughness. It is cleared from previous study about 
nanofluid boiling (Kim et al., 2007; Wen, 2008; Zhu et al., 
2010; Coursey and Kim, 2008; Khandekar et al., 2008; 
Noie et al., 2009; Mikic and Rohnesow, 1969; Narayan et 
al., 2007; Li et al., 2008; Kim et al., 2007) that the 
nanoparticles changed the surface condition of the 
evaporator section. The sizes of nanoparticles are 
smaller than the cavities of the clean surface. Then, the 
Ag nanoparticles that may deposit on nucleation sites 
could create more new active nucleation sites by splitting 
a single nucleation site into multiple ones and enhanced 
the boiling heat transfer. Beside this, the irregular 
nanopores formed between deposited Ag nanoparticles 
would affect the bubble diameter and release frequency, 
and then bubbles may be continuously generated. 
Considering previous study in the literature about 
nanofluid and boiling heat transfer performance, one can 
be found that thermal resistance at evaporator section 

decreased because of increasing liquid thermal 
conductivity, density, active nucleation site density, 
bubble release diameter and frequency (Mikic and 
Rohnesow, 1969; Narayan et al., 2007; Li et al., 2008; 
Kim et al., 2007). The effect of nanoparticles on two-
phase flow heat transfer enhancement may be illustrated 
through two reasons, the suspended nanoparticles 
increased the thermal conductivity of base fluid and the 
interactions among the nanoparticles itself on one hand 
and between nanoparticles and the inner surface of the 
heat pipe on the other hand, also, the diffusion and 
collision intensification of nanoparticles in nanofluid near 
duct wall due to increase in concentration of 
nanoparticles leads to rapid heat transfer from heat pipe 
wall to nanofluid.  

In order to examine the effect of strength magnetic field 
on thermal efficiency of thermosyphon, the experimental 
results were plotted in Figures 5, 6 and 7 for 3 different 
input powers. Figure 5 shows the thermal efficiency of 
TPCT against magnetic field for various concentrations of 
nanofluid at input power of 12 W. It was found that the 
thermal efficiency for strength magnetic field of 1.2 T was 
the highest among other strength magnetic fields for input 
power 12 W. For example, at 0.12 T and 20 ppm of 
Ag/water nanofluid, the thermal efficiency of TPCT is 
70%, but for 1.2 T magnetic field strength and the same 
concentration, the efficiency increased to 74%. The better 
enhancement available at higher Ag/water nanofluid 
concentration, so at 0.12 T and 80 ppm the efficiency is 
75% and at 1.2 T and 80 ppm the thermal efficiency will 
be 80%. 

The thermal efficiency of  TPCT  versus  magnetic  field
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Figure 6. Effect of magnetic field on the thermal efficiency for 24 W. 
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Figure 7. Effect of magnetic field on the thermal efficiency for 40 W. 

 
 
 
for various concentrations of nanofluid at input power of 
24 W is presented in Figure 6. As it is shown, for 
example, at 0.12 T, the thermal efficiency is about 68.1% 
by using 20 ppm of silver nanoparticles, but at 0.35 T, the 
thermal efficiency for 20 ppm of Ag/water nanofluid is 
about 69.4%. Also, at 80 ppm concentration, the 
efficiency is 73% for 0.12 T and for 1.2 T and same 
concentration the efficiency increases to 77%.   

In order to evaluate the effect of magnetic field 
strength effect and nanofluid concentration on TPCT 

thermal efficiency at higher input power. Figure 7 
presents the thermal efficiency against the magnetic field 
for various concentrations of nanofluid at input power of 
40 W.  It was recognized that the thermal efficiency 
improves as strength magnetic field increases. For 
example, at 0.35 T, this parameter is 66.5% by using 40 
ppm of silver nanoparticles in pure water, but at 1.2 T, it 
is 67.7%. Although, the thermal resistance of TPCT 
decreases with input power increasing, it was found from 
the comparison between Figures 5 and 7, that  the  TPCT 
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thermal efficiency decreases with input power increasing 
because of the different effect of input power on 
evaporator and condensation section and also cooling 
water temperature.  

It can be concluded that the causes of the thermal 
resistance decrement and efficiency increment are 
magnetic field and nanofluid. Because of the presence of 
nanoparticles in the fluid, the thermal conductivity 
increases which results in the improvement of total heat 
transfer coefficient and increase Nusselt number, and 
therefore, thermal resistance reduces. The effects of 
magnetic field on thermosyphon performance are 
simplified in following ways: 
 
1. Release the bubbles which accumulated on the inner 
wall of evaporator;  
2. Reduce temperature fluctuation in the evaporation 
section; 
3. Reduction of temperature difference between the fluid 
and wall; consequently, occurring critical heat flux shorter 
time; 
4. Increase of vapor movement due to Lorentz force. 
5. Increase of liquid turbulence in evaporator dump. 
 

In the case of up moving the nanoparticles through 
thermosyphon nanofluid media, the magnetic field effects 
caused them to rotate in fluid and also leads to entropy 
accretion of particles in the presence of magnetic field. 
The rotation of nanoparticles in water created small 
wakes inside the fluid and as a result, the heat transfer is 
enhanced. It is clear that fluid regime in thermosyphon is 
still laminar and application of these values of magnetic 
field cannot change this regime. The applied magnetic 
field on thermosyphon nanofluid release the bubbles 
which was accumulated on the inner wall of evaporator, 
reduce temperature fluctuation in the evaporation section, 
reduction of temperature difference between the fluid and 
wall and increase of vapor movement due to Lorentz 
force, then consequently, enhanced thermal efficiency of 
thermosyphon. 
 
 
Conclusion 
 
In this investigation, the thermal performance of two-
phase closed thermosyphon using Ag/water nanofluid as 
the working fluid under magnetic field was studied. The 
thermal resistance of the thermosyphon with the silver 
nanoparticles suspension under magnetic field was lower 
than the absence of magnetic field and pure water. Also, 
application of magnetic field increases the thermal 
efficiency in the thermosyphon. It is concluded that TPCT 
heat transfer enhancement by nanofluid under magnetic 
field depends on several factors including increment of 
thermal conductivity, the vapor bubbles bombardment 
during the bubble formation by suspended nanoparticles, 
increase vapor movement and reduce the drag force due 
to Lorentz force, release the bubbles which  accumulated  

 
 
 
 
on the inner wall of evaporator, reduce temperature 
fluctuation in the evaporation section, evaporator surface 
condition changing and finally occurring critical heat flux a 
shorter time.  

 
 

Nomenclature: B, Magnetic field strength (Tesla);  :Cp, 
specific heat (Jkg

-1
K

-1
); d, thermosyphon diameter (m); E, 

error; I, electrical current (A); k, thermal conductivity (Wm
-

2
°C

-1
); l, thermosyphon length (m); 



m ,  coolant water 
mass flow rate (kgs

-1
); Nu, Nusselt number; Qin, inlet heat 

by evaporation (W); Qnet, cond, net heat conduction (W); 
Qnet, conv, net heat convection (W); Qout, outlet heat by 
condensation (W); R, thermal resistance of 
thermosyphon (W°C

-1
); T, Tesla; Tc, condenser 

temperature (K); Te, evaporator temperature (K); Ti, inlet 
temperature of cooling water (K); To, outlet temperature 
of cooling water (K); TPCT, two-phase closed 
thermosyphon; V, electrical voltage (v); Δθ, temperature 
difference of condensation and vaporization section (= Te 

- Tc) (K);  :th , thermal efficiency of heat pipe. 
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