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The IGR reactor is a research pulsed reactor with a heat-capacitive type graphite core. 
It is one of the research reactors operated by the National Nuclear Center of the Republic of 
Kazakhstan. At present, along with irradiation devices testing studies are underway on the 
neutron-physical and thermophysical characteristics of the IGR core [1]. This requires 
specialized calculation tools. Therefore, this work aims to create a new high-precision model 
of the IGR reactor for thermophysical calculations. 

The core of the IGR reactor consists of 340 graphite columns formed from graphite 
blocks, one part of which is impregnated with a uranium solution, and the other is not 
impregnated and acts as a reflector. Depending on the purpose of the column, the blocks 
included in its composition differ in design. They have technological holes, lugs, and grooves, 
which provide the possibility of their mutual fastening (fig.1a). For example, blocks with a 
cross-section of ~ 98 × 98 mm are used to form fuel columns, and unimpregnated graphite 
blocks with dimensions of ~ 197×197 mm are used for the side reflector. The height of the 
blocks varies from 140 mm to 148 mm. To accurately describe graphite blocks by finite 
element methods, grid structures were developed based on which hexahedral finite elements 
were generated (fig.1b). 

 
Fig. 1. IGR model: a) block geometry; b) block mesh; c) horizontal section; d) 3D view 

 

The developed thermal model of the IGR reactor is an ordered and structured set of 
finite elements (fig. 1c), built with the preservation of important geometric parameters of 
graphite blocks. The model has 4 700 304 nodes, 4 614 328 elements, 8 427 element types, 
and 3 materials. 

A full-scale three-dimensional model of the IGR reactor (fig.1d) is built from structured 
and optimized finite elements associated with the neutron model of the reactor. Implemented 
full interaction of models at the element level guarantees the transfer of data from one model 
to another in an explicit form. The model was created in the VB.NET programming 
environment for thermal analysis using the ANSYS program. The core temperature measured 
using thermocouples during the reactor start-up validated the model. The average deviation of 
the calculated temperature from the measured one was obtained when the core is heated up to 
1400 K. 
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