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INTRODUCTION 

The generation III+ reactors use large pool of water with immersed heat exchanger to facilitate decay heat 

removal. The isolation condenser (IC) immersed in Gravity Driven Water Pool (GDWP) of Advanced Heavy Water 

Reactor (AHWR) is an example of such system. In the primary side (inside the IC tubes) the condensation takes 

place while on the secondary side (pool side) heating of water takes place. The bulk boiling in the pool takes as a 

consequence of thermal stratification. The fluid layer near to the heated source moves upward relatively and mixes 

with the bulk fluid volume within the tank, while fluid near the walls starts moving downwards slowly [1]. In such a 

scenario fluid in the top layer of the pool reaches saturation temperature very early while bulk of the pool is still sub-

cooled. Studies of tanks heated centrally [2], side walls, and from the bottom [3] has been investigated for their 

thermal behavior. In terms of modelling and simulation for thermal stratification in large pools, there are two 

methods in general. First method is decoupled, highly simplified and conservative 0-D model to study pool boiling. 

The second method is expensive (in terms of time bound long problem simulations) 3-D CFD simulations. The CFD 

simulations are very slow and expensive for simulating real time long problems. In a simple pool boiling 

experiment, the effect of thermal stratification is detected only after first few hours and demands longer experiments 

and simulation hours. In this situation 1-D code like RELAP (used for safety analysis in thermal hydraulics) are used 

for best results. Pool modelling in RELAP is very critical step to predict thermal stratification. Pool modelled by 

Verma et al. [4] suggest that the pool can be nodalized as a single vertical pipe. An experiment developed for “IC 

performance test in a large pool of water” has been performed to assess thermal stratification. A complete 

disagreement between simulation and experiment has been found in observations. This indicated that large pool are 

inclined to get thermally stratified and cannot be modelled as a single vertical pipe.  A correction into the model has 

been suggested over the present model. A preliminary work on the suggested model has been done and results are 

under the progress. 

 

                   

Figure 1: (a) Integrated Test loop (ITL) Schematic with experimental setup (b) Nodalization of the test facility 
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RESULTS AND DISCUSSIONS 

In thermal stratification, the hot water keeps on piling over the colder one, resulting in development of layers of 

water with different temperature. Top layer of the water have the highest temperature while the bottom of the pool 

have lowest temperature. Due to this process, thermal stratification into the pool develops. In this manner 

thermocouple places at the top will sense sharp rise in temperature and much earlier compared to the thermocouple 

placed below. The experiment performed in ITL represents the similar pool behaviour. Simulations were performed 

to predict stratification into the pool using nodalization suggested by Verma et al. [4]. The figure 2 shows the 

temperature into the IC pool at different elevations. The simulation results show that temperature at 0.4 m and 1.0 m 

is found to be increasing almost at same time while temperature at 1.4 m is found to be increasing with significant 

delay. The rise in temperature is found to be sequential along the vertical height in the pool. But this prediction is 

exactly opposite to the concept of thermal stratification discussed above. This discrepancy is clearly visible in the 

figure 2a and 2b. This prediction by the RELAP simulation would only be correct if the line of sight passes exactly 

pass from centre of the IC into the pool and takes care of local heating of water only. RELAP assumes perfect 

mixing and if the pool is modeled as one single pipe with RELAP, there is no poor mixing and no stratification that 

can be captured. 

 

 

Figure 2: Comparison of Temperature, for nodalization of IC pool for (a) case1 and (b) case 2 

 

CONCLUSION 

 In the present studies, thermal stratification into the large pool has been studied. The modeling of thermal 

stratification has been done using RELAP5 and result has been validated with the help of experiments performed in 

ITL. Comparison of simulation with stratification shows a complete disagreement in prediction. The main issues are 

3D natural convective phenomena, which lead to unwanted stratification. Pool modelled as a single pipe in RELAP 

simulations cannot take care of 3-D effects in pool and produce wrong results. Even the rate of increase of 

temperature, at different elevations is found diverged compared to experimental results. As a correction to the 

present model, pool should be modelled in such a way that expansion of the water into tank takes place. This will 

also allow the hot water to pile over the colder one. 
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