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INTRODUCTION 

 
Upcoming new generation reactors are revolutionary designs which put more emphasis on 

improving overall efficiency of the plant with enhanced safety. Achieving enhanced safety is also an 

equally important goal as a nuclear reactor is prone to encounter number of transients which may be 

controllable or non-controllable through engineered systems provided in the design. In some of the event 

initiating transients, safety systems which require active inputs, such as electricity, to operate may not be 

available. Therefore, it is a desirable feature of any nuclear reactor to have passive safety systems which 

can bring the reactor passively under safe conditions post initiating events. The heat removal systems 

must have a passive system which can cool down the reactor core safely as long as the sink is available 

after the occurrence of an untoward event. Thermosyphon heat transport device (THTD), being designed 

and developed, can be used in nuclear reactors to remove the decay heat passively once the reactor has 

been shut-down due to any reason. Thermosyphon devices, in principle, can be directly installed in the 

fuel assembly in the vertical core and are able to throw the heat to the ultimate sink with associated loops. 

Thermosyphon device starts transferring the heat to the sink due to the natural circulation of the working 

fluid set inside the device. As passive heat transfer means are of utmost importance, study of the heat 

transfer characteristics of thermosyphon heat transfer device is taken up and a test set-up has been 

designed and fabricated in BARC.  Figure 1 shows the schematic of the system considered. The test set-

up consists of a heater tank, a cooler tank interconnected with the help of a THTD. Figure 2 shows the 

geometric details of THTD. The THTD is made up of three concentric tubes with proper arrangements to 

separate flow paths of hot and cold streams. It also incorporates a plug which is designed for 

interchanging the flow paths of hot and cold streams as shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Fig. 1: Schematic of test facility 
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Fig. 2: Geometric details of THTD 

 

Fluid 

Solid 

Section 2 – Exploded 

View 

mailto:bobinsg@gmail.com


Thorium Energy Conference 2015 (ThEC15) 

October 12-15, 2015, Mumbai, India 

 

Objective of present study is to evaluate the performance of THTD under different operating 

conditions using CFD. The system under consideration employs lead-bismuth eutectic as the working 

fluid for its probable application in THTD at high temperatures. In the present study, CFD analysis has 

been carried out for the evaluation of heat transport capability of proposed THTD configuration. For this, 

a model was generated using commercial CFD package with adequate boundary conditions. Besides, 

pressure drop across various sections of THTD has been evaluated using empirical correlations and 

compared with that obtained from CFD. 

   

RESULTS AND DISCUSSION 

 

Temperature profile was generated at different locations in the device for given boundary 

conditions. Based on the mass flow rate generated, the heat removal capability was obtained. Parametric 

studies were conducted to see the effect of different heated length and different sleeve length on the heat 

removal capacity of the THTD. Figure 3 shows the effect of heated length on the heat transport capability 

of THTD. It can be observed that with increase in heated length and temperature of hot fluid in heater, the 

heat transport capacity also gets improved. This is attributed to the increase in the mass flow generated 

for these conditions. Table 1 shows the comparison between pressure drop evaluated at different section 

of the THTD using CFD and empirical methods. Pressure drop values evaluated using both methods are 

in good agreement and maximum difference between both is ~10%. The variation is mainly due to the 

assumptions in local loss coefficient taken during empirical calculation. 
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Fig. 3: Effect of heater length on heat removal 

 

Table 1 : Pressure drop in different sections 

 

Section 

Pressure drop, 

mm of water 

column (CFD) 

Pressure drop, mm of 

water column 

(Empirical) 

1 100.95 109.52 

2 272.88 295.32 

3 102.99 111.05 

 

 

 
CONCLUSIONS 

 

A device for passive heat transport, being designed and developed at BARC, has been 

considered for its performance. Device geometry, in its preliminary design phase, was modelled and 

analysed using commercial CFD package. Paper presents the results of different parameters considered 

(heater temperature, heated length and sleeve length) for the performance evaluation of THTD in different 

operating conditions. It was found that in all the cases heat transport capacity of the THTD gets improved 

with the mentioned parameters. In order to validate methodology, pressure drop obtained through CFD 

was compared with empirical correlations. Both the estimations were found in good agreement. The study 

may be extended in order to optimize the THTD design. 

 

 

 

 

 

 

 

 

 


