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What is Nuclear Thermal Propulsion

e NTP provide high
thrust and double the
oropellant efficiency
of chemical rockets,
making It a viable
opfion for crewed
missions fo Mars (3
months instead of 6
months)

* NASA's Marshall Space
Flight Center; Glenn
Research Center and
Stennis Space Center

* Universities:
Massachusetts Institute
of Technology;
University of Alabama
Huntsville,

* Industry: Aerojet
Rocketdyne, BWX
Technologies, UltraSafe
Nuclear Corporation,
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THE NEXT-GENERATION ROCKET ENGINE

e Goal: manned Mars

* National Labs: Oak
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NUCLEAR THERMAL PROPULSION
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« Control drums: position, speed, motorstatus;
couplings status

* Flow loop: pressure, flow rate, temperatures

* Turbo Machinery: temperature, input or output
status; performance efficiency
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* Very Harsh conditions:
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Non-Nuclear [&C testbed - "Mock-Reactor”

Mission:

Developing a testbed to experimentally test
and trial sensors, control elements and control
algorithms is essentialin reducing the risk,
enhancing the safety, reliability, and
optimization of a nuclear thermal propulsion
(NTP) rocket engine

 Testbed will be used to Motor with cmibedded: |
validate control algorithms / encoder p
control mechanisms;
demonstrate instrument
performance; develop/

demonstrate dynamic . _ e | Designed tobe reconfigurable:
system models; Variable drive shaft = || | I . gon’rrcﬁ df[rulms /Trkc])ds/ sleeves
. ! e M ‘ + Driveshaft leng
demonstration fault condition | « Independent / Ganged motor drive
* Flow rate
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Control drums J:

e Parts selectedbased on
Nerva/Rover program and
guidance from BWXT

Drums

Control 2;

Loop — Valves

« Reactormodel drives heating
elementor LED =reactor
power

Fuel inlet valve
Masss Flow Valve
Turbine valve

Resolvers
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Flow Loop Design

Pressure after pump [P2): 2400 psia

Inlet temperature [T1): 77K

Temperature after Reflector/Moderator heating (T3): 308K
Tank Control Maximum Flow Rate: 0.1 kg/'s
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» Tightly coupled with drum hardware
« Demonstrates a 2-phase loop
« Based on AJRD design
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Digital Architecture

« Low-Cost ($ versus $$$ NI)
« Customizable (scales easily/fast)

« Python coding platform

« Userinterfaces with the system
through Jetson Nano

« Plug-n-play architecture

« Fault conditions defined by
AJRD/ORNL randomly test
autonomous control response

> Usersupplies
control algorithm

Control Inputs

> Control elements
move

Controller

NTP Sensor
Data

Control Element

NTP reactor Positions

Flow loop /
Valve controls

model

» Reactor simulation program
predicts NTP environment based
on actual control positions
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» Control sensors

record measurement

Control Algorithm
Device (user
brought, contains
control algorithm)

A\ 4

Linux CPU (runs
NTP emulator)

Signal

Generator

A

—  Drums

=

{  dock

& Hrvioia

=

e

Flow (Program)

3 =R s R
12C 5F1 = UART GFIO

: l ; | s =

)

ey
&
l"\— —"

\+ Dashboard (LI

q | i
JL l'ut't_n. 11

A

— Flow Loop




» Control elements

FMU tfor Hardware in the Loop > et
Flow loop /
Confrolinputs Valve controls
Controller
« A dynamic system modelisused as - motor controls :|
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e (e 1
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Dynamic System Modeling — Modelica: NTP

e 1-D flow

e 1-D flow, 2-D r-z solid fuel and moderator with
appropriate lumped mass simplifications

NUCLEAR REACTOR

o Turbomachines based on affinity laws used to
scale from nominal values

« Compressible flow nozzle

» Pressure drop coefficients calculated from
nominal flow rate and pressure drop

e Point kineticswithsome 1-D reactivity weighting
features

CONTROL DRUM

https://www]1.grc.nasa.gov/research-and-engineering/nuclear- e Heat transfer calculated with Qpproprigfe
thermal-propulsion-systems/typical-components/ corre | GﬂOﬂS

Fluid propertiesfrom CoolProp
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Dynamic System Modeling - Modelica
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LH2 Tanks

Boost Turbopump

Main Turbopump

Turbine Bypass Valve

Fuel & Moderator
Discretized Models
With Kinetic Feedback

' Regenerative Nozzle

Space

1-D flow

1-D flow, 2-D r-z solid fuel and moderator with
appropriate lumped mass simplifications

Turbomachines based on affinity laws used to
scale from nominal values

Compressible flow nozzle

Pressure drop coefficients calculated from
nominal flow rate and pressure drop

Point kineticswith some 1-D reactivity weighting
features

Heat tfransfer calculated with appropriate
correlations

Fluid propertiesfrom CoolProp



Conclusions

 Non-nuclear |&C testbed is operating at ORNL in support of
advance controls demonstration and fault condition testing
— Modular, reconfigurable, tightly-coupled hardware system

- Open-source, user-friendly software platform (in-expensive hardware o
intferface with sensors), deployable at user site with web-based
software to easy push/pull access

 Development of this system was successful thanks to the
collaborations with NASA, Aerojet Rocketdyne, BWXT, and
several universities
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