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Introduction:  Nuclear thermal rockets (NTRs) are 

well known as one of the most promising propulsion 

options for large-payload deep space missions. NTR 

technology was extensively tested under the Rov-

er/NERVA program in the 1960’s, and remains as the 

baseline choice for NASA’s current Mars Design Ref-

erence Mission.
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Many conceptual fuel types and configurations for 

the NTR reactor core have been proposed. Among 

candidate fuel types, graphite-uranium carbide is often 

the default choice because of its successful demonstra-

tion during NERVA. However, tungsten-cermet urani-

um dioxide fuels also receive attention because of per-

ceived advantages  in fission-product retention, thermal 

shock resistance, thermal expansion matching, and 

hydrogen compatibility. 

In the 1960’s, the General Electric 710 and Ar-

gonne National Lab (ANL) Nuclear Rocket programs 

independently demonstrated the feasibility of fabricat-

ing tungsten-cermet fuel elements and tested their high-

temperature properties.
2
 The present effort seeks to re-

capture and simulate the NTR design developed during 

the ANL program. 

Reference Design:  The ANL Nuclear Rocket Pro-

gram developed a conceptual NTR design for a 10 

klbf-thrust engine with a specific impulse of 821 s.
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The core is axially segmented into an aft fuel region, a 

middle-fuel ragion, and an inlet-end axial reflector. 

The aft-end fuel is composed of 60 v/o UO2 (with 

93%-enriched 
235

U), 33.91 v/o W, and 6.09 v/o Gd2O3, 

which acts as matrix stabilizer. The core consists of 

205 hexagonal prismatic fuel elements with a flat-to-

flat dimension of 2.774 cm. Each element contains 61 

coolant channels of diameter 0.170 cm. Each channel 

contains a 0.018 cm-thick cladding layer of tungsten, 

while fuel elements are clad with W – 25 v/o Re and 

secured with a support grid. Dimensions for the mid-

dle-fuel region are identical to the aft-end with the ex-

ceptions of the tungsten matrix being replaced by mo-

lybdenum, and no cladding. The axial reflector ele-

ments are beryllium oxide. Besides a radial beryllium 

reflector, no additional measures were taken to flatten 

the radial power profile, and it was assumed that chan-

nel-by-channel flow orificing would be used. 

Simulation Setup:  The simulation method in-

volves a two-step process in which a Monte Carlo neu-

tron transport code is used to determine the multiplica-

tion factor and power distribution within the reactor, 

and then a Computational Fluid Dyanmics (CFD) pro-

gram uses the power data as an input to simulate the 

fluid and thermal behavior at steady state. 

Neutronics.  MCNP5 v1.60 is used for all neutron-

ics analysis. A full-detail model of the core between the 

inlet plane of the axial reflector and the outlet plane of 

the aft fuel region is considered, including the radial 

reflector and control drums.  Cross-section data comes 

from the ENDF- B-VII.0 library, and is evaluated at 

2500 K for the aft-fuel region, and 1200 K for the mid-

dle-fuel region. 

Computational Fluid Dynamics. Thermal hydraulic 

simlations are carried out using Star-CCM+ version 

6.04.014, a comprehensive finite volume CFD code 

which provides tools for meshing, solving, and post-

processing simulations with a large suite of available 

physics models.  For each case, a 1/12th symmetrical 

core sector is created in SolidWorks and imported to 

Star-CCM+ for meshing with polyhedral cells. The 

problem setup in Star-CCM+ uses a realizable two-

layer k-epsilon model for turbulence, a segregated flow 

and energy solver, and custom material properties to 

account for hydrogen dissociation and characteristics 

of the cermet. Simulations are run using the High Per-

fomance Computing cluster at the Idaho National Lab. 

Results: The model of the ANL-10k engine is cur-

rently being setup. Results and discussion will be 

available for the conference. The expected outcome is 

a comparison of the fundamental performance parame-

ters between the new simulation and the predictions 

made by the ANL team. Table 1 shows the pertinent 

characteristics. 
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Parameter ANL  

Prediction 

New  

Simula-

tion 

   

Peak Fuel Temperature (K)       3000   TBD 

Bulk Exit Temperature (K)       2500   TBD 

Core Pressure Drop (kPa)       414   TBD 

Radial Peaking Factor      1.35   TBD 

Table 1: Comparison of performance parameters. 
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