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Motivation and main messages 

Å Generation IV designs lean towards compact pool type reactors 

which are complex systems where interactions between different 

physical phenomena of different time and spatial scales are 

present. 

Å The compactness of the pool designs has also a byproduct in 

thermal-hydraulic coupling between 1D and 3D phenomena in 

the primary coolant system. 

Å One dimensional System Thermal Hydraulics (STH) codes are 

generally inadequate for resolving complex transients with 

mixing and stratification. 

Å Computational Fluid Dynamics (CFD) codes are computationally 

too expensive for resolving the whole primary coolant system.  

Å Code coupling is done to achieve necessary accuracy with 

affordable computational efficiency. 

Å Validation of coupled codes is an important pre-requisite for the 

reliable safety analysis yet data for such complex systems is 

rarely available.  

 

Å The goal is to design TALL-3D facility in order to provide 

experimental data for validation of coupled STH and CFD 

codes. 
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TALL-3D 

Å TALL-3D facility is designed to provide high grade 
validation data for thermal-hydraulics models. 

 

Å The facility is comprised of 3 vertical legs (~6m):  

ï main heater leg,  

ï 3D test section leg 

ï heat exchanger leg 

 

Å The differential pressure measurement system 
combines  

ï 5 DP groups of pressure transducers, 

ï 11 measurement points  

ï total 15 differential pressures around the loop 
can be measured. 

 

Å LBE flow rates are measured by two Coriolis flow 
meters installed after the heat exchanger on the 
heat exchanger and 3D test section legs. 
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TALL-3D instrumentation 

ÅProper choice and positioning of the 
instrumentation in the loop is a key to 
provide necessary data for code 
validation. 

 

Å Instrumentation is positioned such that 
the loop can be virtually divided into 
several sections. 

 

ÅFor each sub-section boundary inlet and 
outlet conditions can be provided for 
separate validation of the codes. 
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STH pre-test analysis 

Å A modified RELAP5-LBE 
code (developed at ENEA) is 
used for STH pre-test 
analysis. 

Å The main objective of STH 
pre-test analysis was to 
propose the dimensions of 
the loop characteristics  
ï 3D test section inlet diameter. 

ï 3D test section heater power. 

ï Main heater section flow area. 

ï Main heater power. 

 

Å The goal of the design is to 
provide: 
ï Mixing in 3D test section in 

forced circulation condition. 

ï Stratification development in 
natural circulation conditions. 

 

1. 

2. 

3. 

4. 

5. 

6. 

5. 

1. Main heater section; 2. Heat exchanger; 3. 3D test 

section; 4. EM pump; 5. Coriolis flow meters; 6. 

Expansion tank 
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STH pre-test analysis (cont.) 

Å Forced to natural transient was 
chosen as one of the most 
interesting case because of: 
ï Instable flow conditions 

ï Possible reverse flow in the 3D 
test section 

ïRelatively fast transient  

 

Å Initial steady state: 
ïMass flow in EM pump: 4.77 

kg/s 

ïMass flow in main heater leg: 
2.84 kg/s 

ï Mass flow in 3D test section leg: 
1.93 kg/s 

ïMain heater power: 5 kW 

ï 3D heater power: 5 kW 

 

Å Transient: 
ï At 10000 seconds, EM pump is 

stopped 
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STH pre-test analysis (cont.) 

Å Using different heater powers 
(7 kW in main heater and 8 kW 
in 3D test section heater) 
reverse flow can be eliminated. 

 

Å Finding cases with high 
amplitude oscillations is needed 
to provide both mixing and 
stratification condition in the 3D 
test section pool. 

 

Å Mixing and stratification 
conditions are discussed in the 
next section. 

 

Å It must be noted that STH 
results fail to capture 3D effects 
and therefore the results of 
single code calculation will not 
match the experiment. 

MIXING 

STRATIFICATION 
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CFD pre-test analysis 

Å 3D test section is designed 
to introduce a 3D pool in the 
system which flow conditions 
will not be captured by 1D 
STH code during transients. 

 

Å The test section inlet 
diameter is selected to 
provide ample jet into the 
pool to mix the fluid while 
flow is rapid. 

 

Å The function of the plate 
inside the pool is to break 
the jet and distribute the 
momentum inside the pool. 

 

Å In low flow conditions the 
stratified layer will prevent 
the jet to reach the plate. 


