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3. Code or Program Applied:

DYN3D
4. Short Description of Code:

   The code DYN3D / 1 / was developed at FZ Rossendorf and it is used for investigations of reactivity transients in cores of thermal power reactors with hexagonal fuel elements. The 3-dimensional neutron kinetics model HEXDYN3D of the code is based on nodal expansion method for solving the two-group neutron diffusion equations. If we suppose that the reactor core is consisted from hexagonal fuel assemblies divided into a number of slices, than the nodes are the parts of the fuel assemblies in each slice. The neutron group constants are assumed to be spatially constant in each node. The solving of the time dependent neutron diffusion equations including the equations for delayed neutrons for all nodes is used for transient processes calculation.  The thermo-hydraulic part FLOCAL consists of a two-phase flow model describing coolant behaviour and a fuel rod model. The fuel elements are simulated by separate coolant channels. Additional, some hot channels with power peaking factors belonging to chosen fuel elements can be considered. Several safety parameters as temperatures, DNBR and fuel enthalpy are evaluated. Macroscopic cross sections depending on thermo-hydraulic parameters and boron concentration are input data of the code. The stationary state and transient behaviour can be analyzed. The transient processes in the core can be investigated as long as the core geometry is maintained. For analyzing a static state, there are several possibilities to make the reactor critical: division of multiplication cross sections by keff , variation of boron acid concentration, variation of reactor power. If a transient calculation should be carried out, the following perturbations can be treated: movements of single control rods or control rod bank, variation of core coolant inlet temperature, variation of boron acid concentration, changes of core pressure drop or total mass flow rate, changes of pressure.

The version of the code DYN3D - DYN3DH1.1  / 2 / has the main features:

-  implementation of burnup calculation

-  unification of the stand-alone version of DYN3D with the option for external coupling with the 

    thermal-hydraulic system code ATHLET

-  input and output of fission product poison distributions

-  better handling of input data for fuel distribution ( input of core load maps )

-  simpler definition of control rods and control rod motion

-  improved control rod model for VVER-440 ( control assemblies )

-  damping of cusping effects during slower control rod motion by an improved flux weighting

    procedure

-  used arrays are defined on separate commons in BLOCKDATA  program units

-  the connection with cross section libraries of the user is simplified by the new structure

   of code to connect own subroutines for cross section handling with DYN3D/H1.1

-  possibilities for adjusting the feedback coefficients

-  coupling with an improved mixing model in the lower plenum of VVER-440. 

      A deterministic model of fuel rod failure during accidents is not included in DYN3D/H1.1, but some parameters for diagnostics of possible fuel rod failure are given, that is:

- fuel enthalpy for each axial node of the rod

- cladding oxide thickness

- signalization of possible cladding rupture, when the cladding stress is positive ( inner pressure is

   larger than outer pressure ) and exceeds the yield point.

5. Known Approximations:

The detailed description of known approximations in the code DYN3D can be found in / 1 /.
6. Mathematical Model:

 The 3-dimensional neutron distribution is calculated by solving the diffusion equation for two energy group with help of a nodal expansion method for hexagonal geometry. An exponential transformation technique is used for the time integration of time dependent neutron diffusion equations including the equations for delayed neutrons.  An implicit difference scheme is used for time derivative expression of neutron fluxes. 

  The core is represented by one-dimensional parallel coolant channels. Each channel is connected to a fuel assembly. The flow model ( one- and two-phase flow ) is based on four differential  balance equations for mass, energy and momentum of the mixture and mass balance of the vapour phase. The phase slip is taken into account in quasi-static manner by a slip correlation. The thermohydraulic model is closed by constitutive laws for one- and two-phase frictional pressure drops, evaporation and condensation rate, heat transfer coefficients and thermophysical properties of the phase. For the fuel rod the one-dimensional heat conduction equation is solved. 

7. Features of Techniques Used:

The detailed description of features of techniques used in the code DYN3D can be found in / 1 /.

8. Computer, Operational System:

    Computer: Hewlett Packard, HP Apollo 9000, Series 700, Model 710

    Operational system: HP-UX 8.07

    Operational memory: 32 MB RAM

    1 processor
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10. Results:

a, Primary:

The results are available in the ASCII file dyn004_solrez.txt
For the comparison with available results see / 3 / , / 4 / or solutions presented

in the specification document DYN-004.

b, Auxiliary:

  In order to reduce the influence of numerical diffusion the calculations were performed with 32 axial layers structure ( 1 layer for lower reflector, 30 layers for heated core part and 1 layer for upper reflector )  and with greater time step ( 0.2 s ). After achieving of significant power increase the time step was decreased.

“ power distributions “

The normalized power distributions were grouped from 30 axial layers structure into 10 axial layers structure.

Power distributions are given at following times:

t = 0.0 s   - reference state without inserted control rods

t = 0.0 s   - initial stationary state with all control rods inserted

t = 1.0 s   - initial subcritical state

at time intervals of 2.5 s

t = 7.790 s - time of maximum total power of the reactor

“ axial distributions “

The axial distributions of coolant density and boric acid density were grouped from 30 into 10 axial layers structure.

“ time functions “

Axial positions of fuel center temperature maximum are valid for 32 axial layers structure:

1 x 64 cm - lower reflector, 9 x ( 8.13 cm  + 8.14 cm + 8.13 cm ) + 1 x ( 7.2 cm + 7.2 cm + 10.0 cm) - heated part of active core, 1 x 48 cm - upper reflector.

“ hot channel axial distributions “
The axial distributions of coolant density were grouped from 30 into 10 axial layers structure.

“ hot channel time functions “

For the axial positions of fuel center temperature maximum is valid the same remark as for “ time functions “.
11. Comparison to Recommended Solution:
No reference solution is available. It was recommended to make comparisons with all available results in the specification document DYN-004.
