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INTRODUCTION 

 The conventional nuclear reactors have seen an extensive use of active engineering safety systems for 

reactor control and protection. The active systems rely on operator action and actuation of active components to 

mitigate the consequences of accident. Since the reliability of active systems cannot be improved beyond a 

threshold, advanced reactor envisage extensive use of passive safety systems. The Indian Advanced Heavy 

Water Reactor (AHWR) have been designed and developed to achieve large scale use of thorium for the 

generation of commercial nuclear power. The proposed thermosyphon device is a passive device that can be 

used in heat transfer applications of reactor. This device is driven by thermally generated density gradients. The 

device consists of heated and cooling sections through which density gradient is generated. This gradient 

establishes natural circulation (thermosyphon effect) in the device [1].  Thermosyphon is employed in nuclear 

field for effective heat removal as driving head increases with power. The experiments are carried out to study 

heat transfer behaviour of thermosyphon device. Operating temperature of water is kept below its boiling point 

at atmospheric pressure. CFD analysis has been performed using FLUENT. Results of CFD analysis are 

compared with experimental data.  

  

DEVICE DESCRIPTION AND EXPERIMENTS 

 The experimental setup for the thermosyphon device is made up of borosilicate glass as shown in 

Figure 1. The device consists of heater section at bottom and cooler section at top. It consists of two annular 

tubes for circulating primary fluid. The bottom cap was insulated to avoid heat gain from that portion of device. 

Cooler is annular type and has one inlet and one outlet. Water is used as the working fluid inside the device and 

coolant inside the cooling jacket. The mass flow rate of coolant inside the cooler is measured by allowing a 

known volume of water to pass through it in a specified time. The inlet and outlet temperature of coolant is 

measured with the aid of thermocouples. Thermocouple TC-1 measures heater surface temperature and TC-2, 

TC-3 measures primary medium temperatures along the height.  

 

                                     
Fig. (a): Schematic of the facility Fig. (b): Photograph of the facility 

Figure 1: Experimental setup of thermosyphon device 

Experiments have been performed by maintaining heater at constant temperature. System was allowed to 

achieve steady state condition by observing values of process parameters. The water inside the thermosyphon 

device transfers the heat from heater wall and rises through the annulus. The heated fluid enters the cooler 

portion towards the top and transfers heat to coolant in the jacket. After getting cooled water comes down from 
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the central core of the device and thus make recirculating path. Further, experiments have been repeated with 

higher heated water temperature. 
 

RESULTS AND DISCUSSION 

 Steady state CFD analysis was carried out to find heat transfer capability and thermal hydraulic 

behaviour of thermosyphon device. The steady state results predicted using CFD has been compared with the 

experimental data as shown in Fig. 2. Thermocouples TC-2 and TC-3 show temperatures along the elevation of 

device in annular space. It can be seen that the temperature predicted in CFD analysis matches well with the 

experimental data. A maximum deviation is estimated to be about 4.35%. Figure 2 further shows that with large 

increase in heater temperature there is small increase in cooling water outlet temperature. This may be due to 

increase in thermosyphon flow with increase in heater section temperature. 
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Fig. 2: Comparison of experimental and CFD results 

    

Fig. 3: Velocity vectors at cross section above the 

heated section 

  
 Vector plot in Fig. 3 shows that primary medium is flowing in two different directions (i.e. 

bidirectional flow) in two different planes. Temperatures are non-uniform across cross section of the device. At 

low heater surface temperature, buoyancy force is not sufficiently strong. This may lead to local recirculation in 

annular space of primary medium. Further heat transfer is better at inlet and outlet lines of cooling water (Inlet 

and outlet lines of cooling water was in XY plane) because of higher magnitude of velocity and local 

recirculation of coolant. Whereas rest of cooler region where heat transfer is poor due to lower velocity 

magnitude. This leads to lower buoyancy force causing downward flow in annular region. This kind of 

behaviour is not observed with high heater surface temperature and high power conditions. At this condition 

primary fluid, is flowing in unidirectional (upward direction) manner in annulus as buoyancy force is strong. 

Uniform temperature contours observed within annulus and core at high heater temperature.  

 
CONCLUSION 

 

 In glass type thermosyphon device, experiments with water have been performed at atmospheric 

pressure and below boiling temperature. Steady state CFD analysis is also carried out and the temperatures 

predicted using CFD is in good agreement with experimental results. Bidirectional flow was observed at low 

heater surface temperature and unidirectional flow observed at high heater surface temperature.  
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