AER Benchmark Solution Sheet

1. Test ID: AER-DYN-005 kinetic benchmark [1]

2. a, Solution Submitted by: Gy. Hegyi, KFKI-AEKI

        Date: 03.06.2001

    b, Reviewed by: S. Kliem

        Date: 

    c, Accepted by: S. Kliem

        Date: 

3. Code or Program Applied: KIKO3D / ATHLET 1.2 Cycle A  [2,6]

4. Short Description of Code:

The ATHLET (Analysis of Thermal-hydraulics of Leaks and Transients) is a well verified thermal-hydraulic computer code developed by the Gesellschaft für Anlagen- und Reaktorsicherheit (GRS). It has a wide range of applications for the analysis of anticipated and abnormal plant transients, small and intermediate leaks as well as large breaks in PWRs and BWRs [2]. ATHLET offers the possibility of choosing between different models for the simulation of fluid-dynamics. A two-fluids, 6-equations model, with completely separated equations for mass, energy and momentum for both phases,  taking into account also non-condensables, is included in the last release version [3].

The KIKO3D core model has been developed in the KFKI Atomic Energy Research Institute. This nodal  code is capable of solving the kinetic problem in three-dimensional hexagonal or Cartesian geometry, it is a reactor dynamics program for coupled neutron kinetics and thermohydraulics. Main applications of KIKO3D are the calculation of asymmetric accidents in core, e.g. control rod ejection, start-up of inoperable loop, inadvertent control rod withdrawal. KIKO3D is a nodal code, where the nodes are the hexagonal or rectangular fuel assemblies subdivided into axial layers. The symmetries of full and 1/2 core can be used in the calculations. The thermohydraulics is calculated in separate axial hydraulic channels of the core, each of which relates to one fuel assembly. The conservation equations of mass, energy and momentum are solved for the liquid and vapour phases. In order to get an accurate representation of the temperature Doppler feed-back, a heat transfer calculation with several radial meshes is done for an average representative fuel rod in each node. The release of prompt and delayed nuclear heat in the fuel is modeled. In the present version of the code, the VVER-440 correlations are used in the thermohydraulical module. The stand-alone code has been validated against other benchmark problems. The detailed description of the code can be found at former benchmarks, e.g.  AER-DYN-001 and in [5-6].

There are three basically different types of possible coupling [4]:

1. Coupling of 3D neutronics models to the system code which models completely the thermal-hydraulics in the primary circuit including the core region. In this case ATHLET  obtains the heat source from the decay heat model of KIKO3D. The fuel and moderator temperatures necessary for the feedback in KIKO3D originate from the ATHLET program. The drawback of this method is that the assumed discretization of the system thermohydraulic code is too coarse to take into account the nodewise feed-back effects.

2. Parallel running of both programs. In this case KIKO3D code obtains inlet flow rates,  enthalpies and outlet pressure from ATHLET code. The latter program also performs calculations in the core.  The time dependent heat source distributions are calculated by KIKO3D.

3. Coupling of 3D reactor core models describing neutronics and thermal-hydraulics in the core region to the system code, which models only the thermal-hydraulics in the primary circuit without the core region. In this case the boundary conditions at the top and the bottom of the core are coupled.  The hydraulic model of KIKO3D obtains the inlet pressure, flow and enthalpy distributions from the ATHLET thermohydraulics system code. The ATHLET program does not perform calculation in the core but uses the outlet pressure, flow and enthalpy distributions from KIKO3D as boundary conditions. 

The interface of the first type of coupling is composed of three levels. The first level consists only of general calls from ATHLET for main program functions to the interface. In this layer all program control is performed by ATHLET. The second level consists of subroutine calls for the interface subroutines of the neutronics models. In this level it will be decided which neutronics model will be used. The third level is specific for each neutronics model and necessary adaptations can be implemented. The relation between fuel assemblies in the core loading and the flow channels is defined by input parameters. Therefore the relation can be defined very flexible by grouping of fuel assemblies or by a 1 to 1 correspondence. Also the axial mesh size in neutronics and thermalhydraulics calculations may be different.

This first type of coupling (so called internal or loose coupling) was used now to couple  the Hungarian code KIKO3D from KFKI-AEKI. The most advantageous feature of this coupling is that it allows both codes to preserve their already verified models[3]. 

To make the core model more flexible the external or parallel coupling was developed too. For the investigation of the capabilities of the two method, calculations were performed. The obtained results are in a rather good coincidence with each other [7] .

5. Known Approximations:

See 4-6 at benchmark AER-DYN-001 and  [2-6].

6. Mathematical Model:

See former benchmarks, e.g. AER-DYN-001.

7. Features of Techniques Used: See [2-6]  

8. Computer, Operational System:

PC, Work station, DOS, UNIX
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10. Results

The results are analyzed in [7-8]. Results of tuning, maximum etc. (Key parameters), power distribution, time functions of core power and some other global parameters, Loop1  and Loop2 time functions according to the specification are given in the dyn005_solaeki.txt file. 

11. Comparison to Recommended Solution:

See [8].
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