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 HTGR
– Reactor concept
– High Temperature Gas-cooled Reactor
– Helium as coolant
– Graphite as moderator
– Fuel in TRISO particles

 HTTR
– Existing reactor
– High Temperature engineering Test 

Reactor
– The Oarai Research and Development 

Center, Japan
– Thermal power 30 MW
– Maximum outlet temperature 950 °C



Introduction
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Source: Baghdasaryan N., el. at.: Review of Progress in Coated Fuel Particle Performance Analysis, 
Nuclear Science and Engineering, 2019



Challenges in neutronic calculation
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Source: HTGR Technology Course for the Nuclear Regulatory Commission 
Module 5b, Idaho National Laboratory, 2010

 Deep neutron thermalisation
 Hard neutron spectrum
 Large migration length
 Local neutron spectrum is 

strongly influenced by:
– Control rods
– Burnable poisons
– Reflectors

 High neutron flux gradients



 Neutronic
 Power peaks
 Double heterogeneity

– Caused by fine structure of compacts 
filled with TRISO particles

– Highly structured geometrical model 
is needed to account for neutron 
spectra effects that occur in the fuel 
due to resonant cross sections

  Neutronic cross section dependence on 
temperature

 Thermal-hydraulic
 Hot spots

– Maximum temperature limit due to 
TRISO particles failures

– Necessity to identify temperature 
peaks in the fuel 

 Bypass flow

Challenges in neutronic and thermal-hydraulic calculation
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Application
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 Full core analyses
 Accurate power profile lets one obtain accurate temperature profile, thus identify hot 

spots and estimate TRISO particles safety conditions
 Neutronic cross-sections are being updated according the temperature profile
 Updated power profile
 Including burnup calculation one can simulate the reactor fuel cycle and estimate 

optimal design by applying burnable poisons, control rods operation and shuffling 
scheme



Present work status
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 Interface for data exchange was initially 
developed employing the Python 
programming language

 A 3D model of 1/6th fuel rod was 
created in the OpenFoam CFD software 
basing on the HTTR design

 chtMultiRegionFoam solver is used in 
order to calculate temperature 
distribution in fluids and solids

Source:https://httr.jaea.go.jp/eng/D/D2-1.html



Numerical setup
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 1. Helium void; 2. Fuel; 3. Graphite sleeve; 
4. Coolant; 5. Graphite matrix

 Mesh generated with Gmsh software
 Cyclic and symmetry boundary conditions 

applied
 The model is still under development

 Expand to entire core?

The OpenFoam model mesh
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HTTR Nuclear design
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 DELIGHT calculates the resonance,
neutron spectrum, fuel cell, burnable 
poison cell, criticality, and burnup 
calculations.

 TWOTRAN-2 is employed to find the 
shielding factors of the control rods and 
give the average group constants of a 
graphite block

 CITATION-1000VP performes the whole 
core calculations

Source: Fujimoto N. el. al., Nuclear Design, Nuclear Engineering and 
Design, 233/2004, 26



HTTR Thermal-hydraulic design
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 FLOWNET model consists on 1D flow 
branches and pressure nodes. Coolant 
flow rate distribution is determined on 
the basis of the power density and 
neutron fluence distributions obtained 
by the nuclear design and the 
dimensions of the core components and 
internals.

 Bypass flow is included and is calculated 
on the basis of the core temperature 
and neutron fluence distributions and 
the thermal expansion of the 
components

Source: Inaba Y. et. al, Evaluation of maximum fuel temperature in HTTR, 
Journal of Nuclear Science and Technology, 51/2014, 1337



Flownet
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Source: Inaba Y. et. al, Evaluation of maximum fuel temperature in HTTR, Journal of Nuclear Science and Technology, 51/2014, 1338



Flownet
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Source: Inaba Y. et. al, Evaluation of maximum fuel temperature in HTTR, Journal of Nuclear Science and Technology, 51/2014, 1338



TEMDIM
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Source: Inaba Y. et. al, Evaluation of maximum fuel temperature in 
HTTR, Journal of Nuclear Science and Technology, 51/2014, 1339

 The thermal radiation heat transfer 
between the fuel compact and the 
graphite sleeve and that between the 
graphite sleeve and the graphite block 
are considered.

 The periphery of the model is 
surrounded by the adiabatic boundary in 
order to achieve conservative solutions.

 The hot spot factors are considered in 
the fuel temperature analysis in order to 
evaluate the maximum fuel temperature 
with a sufficient margin.



Supercell concept
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Source: Sen S. et. al., Super-Homogenization-Corrected Cross-Section Generation for High-Temperature Reactors, 
Idaho National Laboratory, 2017



Ideas for modelling of thermal-hydraulics for neutronic coupling
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 In case of HTGR it is essential to take into consideration several neutron effects and 
temperature feedback during normal operation. For that purpose 1D thermal-
hydraulic models are often sufficient.

 Nevertheless, with 3D models hot-spots can be identified more accurately. Moreover, 
transients and accident conditions can be simulated.

 Why not both?

 A model consisting on branches of simple 3D CFD models could be created.
 Doing so, the effort would be shifted from the CFD to data exchange interface.



Idea for modelling of thermal-hydraulics in prismatic HTGR core
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Exapmle of similar approach



CORONA sub-channel code
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Source: Tak N. et. al.: DEVELOPMENT OF A CORE THERMO-FLUID ANALYSIS CODE FOR PRISMATIC GAS COOLED 
REACTORS, Nuclear Engineering and Technology, 46/2014
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