
Title
Development of Evaluation Model for Self-Wastage
Phenomena in Steam Generator of Sodium-Cooled
Fast Reactor

Author(s) 張, 承賢

Citation 大阪大学, 2015, 博士論文

Version Type VoR

URL https://doi.org/10.18910/53976

rights

Note

Osaka University Knowledge Archive : OUKAOsaka University Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

Osaka University



SUNGHYON J ANG

Devel opment of  Eval uati on Model  f or  
Sel f -Wastage Phenomena i n Steam Generator of  Sodi um- cool ed Fast Reactor 
( ) 

Sodium-cooled fast breeder reactor uses liquid sodium as a moderator and coolant to transfer a heat from 
reactor core. The main hazard associated with sodium is the vigorous reaction with water. Sodium-water 
reaction (SWR) takes place when water or vapor leak into sodium side through a crack on a heat transfer tube 
in a steam generator. The reaction is highly exothermic. Thus, if a water leakage continues, the SWR 
deteriorates the tube wall by corrosive reaction products such as sodium hydroxide (NaOH). At the same time, 
a high-pressure water and vapor peel out the weakened material from the surface. As a result the crack is 

-  If the tube wall is penetrated by 
the self-wastage, the leak rate will dramatically increase. It has the possibility that an increased resultant leak 
damage neighboring heat transfer tubes, it might lead to secondary failure. Therefore, a description of the SWR 
is an essential issue for safety design of steam generator in a sodium cooled fast breeder reactor. 

So far in order to depict the self-wastage phenomena and evaluate the phenomena quantitatively mock-up 
tests were carried out. However, uncertainties due to immature measurement technology, opacity of liquid 
sodium and many related parameters made difficult to obtain data with high spatial resolution and accuracy. 
Thus, an experimental approach is not sufficient to give us a clear understanding about the phenomena.  

Accordingly, we have elaborated alternative ways to evaluate the self-wastage phenomena using a 
computational code of multi-component multi-phase flow involving sodium-water chemical reaction, 
SERAPHIM (Sodium watEr Reaction Analysis PHysics of Interdisciplinary Multi-phase flow). We 
compromised an evaluation model which consists of 5 steps of numerical procedures. Based on the developed 
scheme, a benchmark analysis of SWAT (Small leak sodium-Water reAction Test loop) experiment has been 
carried out to validate the feasibility of the new method. Numerical results show that the enlarged opening 
appears to taper inward to a significantly smaller opening on the inside of the tube wall. The outer diameter is 
4.72 mm. The outer diameter of SWAT experimental result is 4.96 mm. Also the shape of enlarged nozzle of 
the SWAT experiment has similarity with the numerical result. Thus, the numerical benchmark analysis 
demonstrates the applicability of the self-wastage evaluation model to evaluate the self-wastage phenomena. 

Another approach to understand the behavior of the self-wastage, simulated experiment is devised. Since 
the self-wastage phenomena is attributed to interaction between a wall material and an exothermic chemical 
reaction which takes place at nozzle exit. We adopt hydrochloric acid and sodium hydroxide solution and 
paraffin were as candidate materials. We assume that melting of nozzle surface of paraffin wax by the reaction 
heat released by the neutralization reaction represents the self-wastage phenomena. Through a numerical 
feasibility analysis, it is demonstrated that the maximum temperature at the surface is high enough to melt 
paraffin surface. Like the self-wastage phenomena propagation, a propagation of melting also take place around 
nozzle exist then, it advances through the tube wall toward the inlet direction. The resultant shape of enlarged 
nozzle of simulant experiment has similarity with the SWAT experiment. Thus, the simulant experiment shows 
its applicability on evaluation of the behavior of the self-wastage phenomena.  



Finally, we consider influence of some parameters on the phenomena. Analyses of the influence of average 
leak rate and initial leak diameter on the self-wastage behavior are carried out using reference experimental 
data. It is found that the average leak rate strongly related to the self-wastage rate and both the initial leak 
diameter and average leak rate has a negative reciprocal relationship with the enlargement ratio.  

These studies suggests new approaches to deepen our understanding about the behavior of the self-wastage 
phenomena and evaluate the self-wastage phenomena. Numerical analysis using SERAPHIM code and 
simulant experiment is also a good alternative way to expect the self-wastage phenomena behavior. It is 
expected that further researches through these method deepen our understanding about the self-wastage 
behavior and give us a chance for quantitative self-wastage evaluation.  




