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Project Overview

Develop & Demonstrate Integrated Sensor Technology for Real-Time
Monitoring of Thermal-Mechanical Stresses of Reactor Vessel for Micro-High
Temperature Gas Reactors (mMHTGRS)
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Project Overview

lilestones

Schedule and Mi

Literature Review and Data Collection
Experimental Tasks

Selection and Preliminary Testing of Potential Sensors

Modification and Validation of Existing Experimental Facility

Testing of Discrete Temperature and Stress Sensors for Validation
of Reconstruction and Monitoring

Field Reconstruction and Monitoring Tasks

Modification and Optimization of the Algorithms

Prellmlnar imi Completed i
Major Milestones Development oj; A:;:;mg::yof Develozment of Final Report
Algorithms for Field Performance of Algorithms for Field
Reconstruction and Proposed Reconstruction and
Monitoring Methodology Monitoring




Project Overview

Participants
« Texas A&M University
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o Rodolfo Vaghetto, Nuclear Engineering o Hanlin Wang, PhD Candidate Mechanical Engineering

 Penn State University

— Numerical Simulations and Algorithms o Victor Coppo Leite, PhD Nuclear Engineering
o Elia Merzari, Nuclear Engineering o Luiz Aldeia Machado, PhD Candidate, Nuclear Engineering

 Argonne National Laboratory
— Machine Learning Algorithms and Capabilities

o Roberto Ponciroli
o Lander Ibarra

« BWXT, Inc.

— Industry Perspective
o Erik Nygaard 4



Technology Impact

We will develop & demonstrate integrated sensor technology for real-time monitoring of thermal-
mechanical stresses of reactor vessel for micro-high temperature gas reactors (MHTGRSs).

@ Development of a novel combined software/hardware sensing technology capable of monitoring the
health of reactor components.

Field reconstruction algorithm tuned for vessel temperature and stress predictions
Methods to optimize sensor locations

@ Creation of a credible pathway for an innovative measurement system for a key component of gas-
cooled micro-reactors (i.e., the pressure vessel). This will allow industry to assess the viability of the
technology to realize economic benefits.

@ The proposed method removes the need for penetrations through the pressure boundaries and is
suitable for other advanced micro-reactors technologies.

@ Development of a tool to facilitate the fault diagnostics with a measurement procedure than is less
invasive than the current state-of-the- art sensor placement strategies.

Integration of reconstruction algorithm with an actual sensor array and assessment of its accuracy
Demonstration on realistic HTGR applications



Results and Accomplishments

Project Accomplishments

@ Experimental Testing
Thermal and strain distributions obtained under a variety of heating condition

- Radiant heating of reactor vessel model
- Quter surface of vessel model instrumented with thermocouple and strain gauge arrays

- Benchtop testing and validation of high temperature strain gauges

® Numerical Simulations
CFD simulations for temperature fields have been completed and strain predictions are ongoing

- Validation of ray tracing algorithms
- 3D, thermal simulations of TAMU experimental vessel
- Preliminary simulations of thermal strains have been acquired

@ Application and Customization of the Convolutional Neural Network (CNN)
Approach

CNN has been demonstrated using CFD simulations and validated with experimental data



Results and Accomplishments
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Results and Accomplishments

W

dation Strain Gauge
(Active Gauge)

Strain Gau

Strain Gauge Details

@ HPI Strain Gauges Compensating Gauge
(Temperature

HBWAH-12-250-6-MG-HB Correction)
Rated for 980°C

QuarterBridge-Il (Modified Half-
Bridge) configuration that helps
eliminate zero drift error, temperature
effects, lead wire resistance, etc.

One active element and one
compensating element, unstrained on
coupon

Robust build and connections = NI-9949 Adapter
: 5 : Temperature Compensated Gauge
Easy application by spot welding




Results and Accomplishments

Strain Gauge Validation T

Strain Gauge Details — Temperature
Compensation

Resistive type sensor (R4) — The output is
sensitive to temperature changes. This leads to: | ce——" e

External wires (User Provided)

- Change in the resistance of gauge itself
- Zero drift or datum shifts
- Change in lead-wire resistance

Temperature compensation is provided
physically using a similar dummy gauge (R3),
which is not attached to the substrate material,
but is affected by similar conditions as R4. This
negates any change in resistance due to
temperature.

- R1 and R2 are part of the NI module. i | , © Compensating [Dummy] Gauge
(Temperature Correction)




Results and Accomplishments

Strain Gauge Validation

Benchtop Validation — Thermal Strain
Measurements
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Results and Accomplishments

Strain Testing
Vessel — Thermal Strain Measurements
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Results and Accomplishments

Strain Testing

Vessel — Thermal Strain Measurements
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Results and Accomplishments

Numerical Simulations
Model Development with MOOSE
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Results and Accomplishments

Numerical Simulations
MOOSE Prediction and Comparison with Experimental Data
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Results and Accomplishments

Numerical Simulations
MOOSE Prediction of Thermal Strains in Benchtop Tests
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Results and Accomplishments

Numerical Simulations
MOOSE Prediction of Thermal Strains in Benchtop Tests
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Results and Accomplishments

Numerical Simulations
Preliminary Strain Predictions on Vessel Wall

Predicted Temperature Preliminary Predicted Strain Distribution in Y-
Distribution (600°C Setpoint) Direction for Given Temperature Distribution

Vessel Model
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Results and Accomplishments

CNN Algorithm Development
CNN for Restructuring a Spatial Field Distribution
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Results and Accomplishments

CNN Algorithm Development
Temperature Comparison between CNN Reconstrued Field and MOOSE Model
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Results and Accomplishments

CNN Algorithm Development

Temperature Comparison between Measurements, MOOSE, and CNN
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Concluding Remarks

Project Accomplishments
@ Experimental Testing

Benchmark testing and validation of high temperature strain gauges completed
Strain gauges installed on vessel wall

Strain distributions have been obtained under several heating conditions

® Numerical Simulations

CFD simulations have been completed including MOOSE’s Ray Tracing Module
Excellent agreement with experimental data
Thermal simulations used as training data for CNN

Validation of thermal strain measurements using benchtop test data
Preliminary prediction of strain distributions in vessel wall

@ Application and Customization of the Convolutional Neural Network (CNN) Approach

CNN has been demonstrated for temperature distributions using CFD simulations and validated with
experimental data

Lesley Wright, Texas A&M University, Lesley Wright@ TAMU.edu 21
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