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ABSTRACT: “The Nuclear Thermal Rocket Element 
Environmental Simulator” (NTREES) test section 
closely simulates the internal operating conditions of a 
thermal nuclear rocket. The purpose of testing is to 
determine the ideal fuel rod characteristics for optimum 
thermal heat transfer to their hydrogen cooling/working 
fluid while still maintaining fuel rod structural integri-
ty. Working fluid exhaust temperatures of up to 5,000 
degrees Fahrenheit can be encountered. The exhaust 
gas is rendered inert and massively reduced in tempera-
ture for analysis using a combination of water cooling 
channels and cool N2 gas injectors in the H2-N2 mixer 
portion of the test section. An extensive thermal fluid 
analysis was performed in support of the engineering 
design of the H2-N2 mixer in order to determine the 
maximum “mass flow rate”-“operating temperature” 
curve of the fuel elements hydrogen exhaust gas based 
on the test facilities available cooling N2 mass flow rate 
as the limiting factor. 

Introduction:  Few rocket propulsion con-
cepts offer the combination of high thrust and reasona-
ble efficiency that can be obtained from a Nuclear 
Thermal Rocket. Long considered one of the most ba-
sic forms of Nuclear Propulsion, the solid-core nuclear 
thermal rocket engine concept typically employs a ura-
nium fueled nuclear reactor core and hydrogen (H2) gas 
working fluid. The H2 gas acts first as fuel rod coolant 
as it passes through the nuclear reactor core followed 
by rocket working fluid when the then super heated 
hydrogen is expanded out of a nozzle in order to pro-
duce thrust.  

 
Fig 1. Solid-Core Nuclear Thermal Rocket Engine(1) 

 
Famously the Nuclear Engine for Rocket Ve-

hicle Application, or NERVA test program of the 
1960’s extensively demonstrated the feasibility of the 
nuclear thermal rocket design concept testing nearly 30 
nuclear thermal rocket engines such at the KIWI-B4 
which produced approximately 75,000 pounds of thrust 
with an efficiency (isp) of 825 seconds.  

In order to support the potential future design 
and development of a nuclear thermal rocket, an elabo-
rate testing system has been created; which simulates 
many of the environmental conditions that a nuclear 
fuel rod would be exposed to when utilized for such an 
enterprise. The Nuclear Thermal Rocket Element Envi-
ronmental Simulator (NTREES) test section employs a 
unique system of electrical induction coils to heat dep-
leted Uranium fuel rods in order to simulate the operat-
ing conditions of a thermal nuclear rocket while avoid-
ing the personal and legal hazards typically encoun-
tered during experimentation with fuel grade uranium.  
 

 
Fig 2. NTR Element Environmental Simulator Opera-
tional Layout (2). 
 

 The purpose of the testing is to de-
termine the ideal fuel rod characteristics for optimum 
thermal heat transfer to the coolant/working fluid while 
still maintaining their structural integrity. I.E. a large 
fuel rod surface area ideally shaped to promote heat 
transfer to the hydrogen working fluid while simulta-
neously avoiding structural degradation due to the high 
operating pressures and temperatures it will be exposed 
to. The level of material degradation is determined via 
a spectral analysis of the fuel elements hydrogen ex-
haust gas using a mass spectrometer.  

The NTREES testing system is currently un-
dergoing a major upgrade in order to more closely si-
mulate the operating conditions encountered during 
nuclear thermal rocket operation. This includes modifi-
cations for the testing of larger fuel rods at higher op-
erating temperatures and hydrogen working fluid mass 
flow rates. 
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Fig 3. CAD Rendition of the Upgraded NTREES test-
ing system. 
 

 
Fig 4. Cutaway view of (NTREES) (3) 

 
The upgraded NTREES will be capable of 

testing NERVA sized fuel rods of up to 52 inches long; 
with working fluid mass flow rates of hydrogen gas of 
up to 0.22 lb/s encountering exhaust temperatures of up 
to 5000 ⁰F at an operating pressure of approximately 
1,000 psi. In order to ensure employee safety and 
proper analysis of the hydrogen exhaust gas that is 
ejected from the fuel element it must be both rendered 
inert and massively reduced in temperature for safe 
handling. This will be accomplished using a combina-
tion of water cooling channels and N2 gas injectors in 
the H2-N2 mixer and heat exchanger sections of the 
NTREES test system.  

 

 
Fig 5. Preliminary design of the Mixer Internal Flow 
Passages (3) 
 

An extensive thermal fluid and structural 
analysis was performed in support of the engineering 

design of the H2-N2 mixer and heat exchanger test sec-
tions. An integral portion of the thermal fluid analysis 
entailed the modeling and simulation of the H2-N2 mix-
er water cooling channels and nitrogen injectors in 
order to determine the maximum mass flow rate-
operating temperature curve of the fuel elements hy-
drogen exhaust gas based on the NTREES test facilities 
available N2 mass flow rate as the limiting factor. 

The NASA fluid system program GFSSP or 
Generalized Fluid System Software Program was used 
for heat exchanger design. GFSSP supports rapid de-
sign changes at the system level combined with an in-
tuitive user friendly graphical user input.   

FLUENT the Computational Fluid Dynamics 
(CFD) program was utilized extensively for the thermal 
fluid analysis of the H2-N2 Mixer. FLUENT’s unique 
capability to couple the analysis of thermal fluid and 
structural thermal conductivity proved valuable during 
the initial design phase. This solution coupling pro-
vided a process for rapidly determining the required 
mass flow rate of nitrogen exhaust gas and accompany-
ing wall temperatures based on the mass flow rate and 
temperature of the fuel elements hydrogen coolant ex-
hausted into the H2-N2 Mixer.  

The Air Force computational model generator 
PILGRIM was utilized for computational grid con-
struction. PILGRIM produces block to block structured 
grids in the plot 3-d formatted list (P3dF) format. 
PILGRIM proved ideal for constructing simplified 2-d 
models based off of blueprints and allowed for easy 
grid modification during trade studies of N2 injector 
size and location. The combination of coupled thermal 
fluid and structural thermal conductivity FLUENT 
analysis with rapid grid modification via PILGRIM 
allowed for a sizable number of solutions to be pro-
duced in a relatively short period of time. 
 
RESULTS AND DISCUSSION: … 
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