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Abstract 

The application of two-phase closed thermoyphon is increasing in heat recovery systems in many industrial 

practices because of their high effectiveness. The enhancement heat transfer of the heat transfer devices can be done 

by changing the fluid transport properties and flow features of working fluids. In the present study, therefore, the 

decrease of thermoyphon thermal resistance with nanofluid is presented. The distillated water is used as a base 

working fluid while the nanoparticles used in the present study are the copper oxide nanoparticles with diameter of 

30-50nm. Effects of magnetic field and nanoparticles volume concentrations on the thermal resistance of 

thermoyphon are considered. The nanoparticles and magnetic field have a significant effect on the enhancement of 

thermal resistance of heat pipe.  
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1. Introduction 

The application of a magnetic field in various research areas has significantly increased in recent years. A 

strong magnetic field can influence the behavior or movement of non-electro-conducting fluids, on which a weak 

magnetic field has limited effect. The effect of the magnetic buoyancy force on the convection of paramagnetic 

fluids was first reported by Braithwaite et al. [1], who described the suppression or enhancement of gravitational 

convection of paramagnetic fluid by a magnetic field. Ikezoe et al. [2] succeeded in droplet levitation not only 

diamagnetic but also for paramagnetic fluids, while the groups of Wakayama investigated the behavior of air as a 

paramagnetic fluid in a strong magnetic field. New magnetoaerodynamic phenomena such as airflow generation [3] 

and the promotion of combustion [4] were found. 

The two-phase closed thermoyphon is widely used because of their simple structure when compared with other 

types of heat pipes. Therefore, thermoyphon are being used in many applications such as: heat exchangers (air pre-

heaters or systems that use economizers for waste heat recovery), cooling of electronic components, solar energy 

conversion systems, spacecraft thermal control, cooling of gas turbine rotor blades, etc. [5]. Li et al. [6] investigated 

experimentally the steady-state heat transfer characteristics of a vertical two-phase closed thermoyphon at low 

temperature differences with R11, R22, and water as working fluids. Park and Lee [7] made an experimental study 

on the performance of stationary two-phase closed thermoyphon with three working fluid mixtures (Water–glycerin, 

water ethanol, and water–ethylene glycol). Yoshiharu and coworker [8] investigated the influence of transverse 

magnetic field on heat transport characteristic of potassium heat pipe. B. Jeyadevan and coworker [9] evaluated the 

performance of heat pipe (HP) using citric ion-stabilized magnetic fluid (CMF) as working fluid (WF). El_zbieta 

Fornalik et.al [10] investigated effect of a magnetic field on the convection of paramagnetic fluid in unstable and 

stable thermoyphon-like configurations. There were seen some application of nano-fluid in heat pipe. Yu-Tang Chen 
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et.al [11] investigated the effect of Nanofluid on Flat Heat Pipe Thermal Performance. Paisarn Naphon [12] 

investigated effect titanium nanofluid on the heat pipe thermal efficiency. Sameer Khandekar studied Thermal 

performance of closed two-phase thermoyphon using nanofluid. Noie et al. [13] prepared Nanofluids of aqueous 

Al2O3 nanoparticles suspensions in various volume concentration of 1% ~3% and used in a TPCT as working 

media. They showed that for different input powers, the efficiency of the TPCT increases up to 14.7% when 

Al2O3/water nanofluid was used instead of pure water. 

In the present investigation, the effect of a permanent magnetic field on the convection of silver nano-fluid 

water as a paramagnetic fluid in two-phase closed thermoyphon is experimentally presented.  

2. Experimental apparatus and procedures 

Figure 1 shows Schematic of experimental set up. The test rig consists of a heater, a condenser for cooling the 

condensation section. Two parallel plates of permanent magnet, and also measuring instruments. The upper part of 

the thermoyphon was equipped with a vacuum seal valve for connection to a mechanical vacuum pump and to the 

working fluid charging line. Working fluid are pure water and copper oxide nano-fluid. Various concentrations have 

been used (1.5% vol, 2% vol, and 2.5% vol). 

 

1. Evaporasation section 

2. Adiabatic section 

3. Condensation section 

4. Permanent magnet 

5. Power supply 

6. Shell of condenser 

7. Inlet running water 

8. Outlet running water 

9. Mini-thermometer 

10. Ampere meter 

11. Volt meter 

12. Vacuum valve 

13. Pressure gauge 

 

 

figure 1: Schematic of experimental test rig.       

 

 

A mechanical vacuum pump capable of up to -0.9 bar absolute and pumping capacity of 142 l/min was used 

for partial elimination of the non-condensable gases (NCG) from the thermoyphon. Figure 1 show the detail of 

experimental apparatus. The thermoyphon consisted of a 400 mm long copper tube having an inside diameter of 20 

mm and outside diameter of 25 mm. The tube was sealed at one end and was provided with a vacuum valve at the 

other. The evaporator and adiabatic sections had a total length of 0.25m. The length of the evaporator section was 

varied by varying the length of the electrical resistance. The condenser section of the pipe consisted of a 0.15 m long 

(45 mm 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 

the heat loss, the electric elements were insulated by Rock Wool having a thickness of 20 mm and 10 mm in 

evaporasation, adiabatic sections and condensation section respectively. 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 ± 0.1ºC. The nanofluid was charged into the tube 

under -0.9 bar absolute vacuum pressure. The mini-thermocouples were mechanically attached to the surface of the 

pipe. Permanent magnets (0.12T, 0.35T, and 1.2 T) are placed on the evaporasation section.   

The rate of heat transfer to the evaporator section was calculated from the following relation: 

                         VIQin =                                                                                                           (1) 

The rate of heat removal from the condenser section was obtained from the following relation: 
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Therefore heat of loss was obtained from the following relation: 
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Test procedure began by charging distilled water as working fluid. Experiments were carried out with 

increasing input heat in the range of 12 < Q < 60W to the evaporator section. After 30-40 min, when the system 

reached the steady state, Data was recorded when the system reached steady-state condition. The hot and cold wall 

temperatures were measured by thermocouples to provide the thermal resistance. Also inlet and outlet temperatures 

of running water were measured to provide the rate of heat removal from condenser section. 

Afterwards the magnetic field was applied to the system. The permanent magnetic was changed from 0 up to 

1.2 T. After 15-20 min, when the system reached the steady state, before procurers were repeated. 

In this research effect of magnetic field is investigated on thermal resistance that was obtained from the 

following relation: 

in
th

Q
R

θ∆
=                                                                                                                                                                     (6) 

There were seen magnetic field have no effect on the distillated water. Therefore we don’t consider results in 

relation of distillated water. 

 3. Experimental results and discussion 

 Figure 2 shows the thermal resistance distribution according to magnetic field for various concentrations of 

nano-fluid. By using the magnetic field, it was seen that the thermal resistance of thermosyphon was increased about 

9.3% compared to thermosyphon without magnetic field. 

As it was seen, the increase of nanofluid concentration from 1.5% vol up to 2.5% vol and the magnetic field 

from zero to 1.2 T resulted in the reduction of thermal resistance of thermoyphon about 9.31%. 

The causes of these changes are magnetic field and nanofluid. Because of the presence of nano particles in the 

fluid the thermal conductivity increases which results in the improvement of total heat transfer coefficient, and 

therefore thermal resistance reduces. Magnetic field affects on thermosyphon performance 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  a shorter time; 

4. Increase of vapor movement due to Lorentz force. 

5. Increase of liquid turbulency in evaporator dump. 

 



6 

 

 

 

 

 

Figure 2: effect of magnetic field on the thermal resistance for (a) 12W, (b) 24W, (c) 40W and (d) 60W. 
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4. Conclusions 

This preliminary study investigated the effect of thermoyphon thermal resistance and Nusselt number using 

CuO/water nanofluid as a working fluid under magnetic field. The thermal resistance of the thermoyphon with the 

Copper oxide nanoparticles suspension under magnetic field was lower than that of without magnetic field effect. 

Also the application of magnetic field increases the Nusselt number in the thermoyphon.  

 

Notations 

inQ : Input power W  

outQ : Output power W  

lossQ : Power of loss W  

convnerQ , : Net convection heat transfer W  

condnetQ , : Net conduction heat transfer W  

V : voltage V  

I : ampere A  

oT : Outlet temperature C
°

 

iT : Inlet temperature C
°

 

pC : Heat capacity of water @ 25 C
°

 

CKg

j
°.

 

•

m : 
Mass flow rate of running water 

s
Kg

.
 

θ∆ : Temperature difference between vaporization and 

condensation sections 
C

°
 

thR : Thermal resistance 

C
W

°.
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