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Disclaimer

Certain commercial equipment, instruments, or materials are identified
in this study in order to specify the experimental procedure adequately.

Such identification is not intended to imply recommendation or
endorsement by the National Institute of Standards and Technology, nor
Is it intended to imply that the materials or equipment identified are
necessarily the best available for the purpose.




Introduction: About Me NIST | arsiisesc

* School: University of Maryland, College Park

* Rising Junior
* Major: Mechanical Engineering

e (Other Interests

* Minecraft
* The Legend of Zelda: Breath of The Wild

My Survival Minecraft Base
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e National Bureau of Standards Reactor
(NBSR)

e 30 Fuel Elements

« D,0Coolant
*  Deuterium — Hydrogen with Extra Neutron
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"‘"M o ; 7@ : H’” b Model of Reactor Core
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Subchannels in the NBSR
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e Subchannels cool reactor down
. NBSR has 18 subchannels

Fuel Elementin the NBSR

Labeled Subchannels in a Fuel Element



Introduction: PLTEMP NIST | @i

* Createdin FORTRAN
* Created by Argonne National Laboratory

Argonne &

NATIONAL LABORATORY
e Subchannel Code

! Type I assembly - Inner Plenum, FE
] NELF NF WFGES FB FQ FH IBC IBCA HEC TBERN
7] 3 2.55200E+681 1.00600E+86 1.688000E+008 1.00808E+20 e g B.08000E+00 @ Card 300
! FBULK FFILM FFLUX FDHTD FVELC
1.888668E+88 1.68688E+80 1.00808E+868 1.088680E+80 1.68868E+88 Card 3084
I TQNODS IQNODF FQL
1 1 1.082008E+080 Card 3

I TELFHF ICHMNHF IPLTHF
1 1 1 Card
I FZ
1.80008E+88 ! .08808E+068 1.60008E+88 1.88888E+80 1.80008E+86 Card
AF LZ ZF WIDTH THICEK

Lid

i
O O 20

.518068E-82 ©.B0082E+88 6.720980E-82 2.95088E-83 Card
.5EB00E-©1 ©.B0088E+08 6.72000E-082 2.95008E-83 Card
.518868E-82 ©.B00BBE+B8 6.72080E-82 2.0L008E-83 Card

Screenshot of a Portion of the NBSR Input File
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The Critical Heat Flux Ratio (CHFR)  INIST @i
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Geometric Properties of the NBSR NIST | fsiisemo

66.59880000

Solidworks Model with Dimensions of
Second Coolant Channel
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* Split Core Design
* NBSR has a bottom/top section
* PLTEMP does not support a split core design

Section View of a Fuel Plate in Solidworks



The Plan

* |nunfueled areas, use a relative
power of zero to approximate it
as an unfueled area

Top
Section
Empty
Area
Bottom
Section
Solidworks Model of

Fuel Elementin NBSR
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Cladding

W

Top Section

Empty Area

Relative
Power of

Zero

Bottom
Section

Fuel Meat

Row of Fuelin the NBSR APProximated Row of
Fuelin PLTEMP(v1)
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The Power Profile

* Power profile — representation of power distribution in reactor

* The plan:inunfueled areas, use a relative power of zero to approximate it as an
unfueled area

1 1 1 i | 2
d.67375 J.08739 8.53697 9.59178 .59489
d.61685 3.62436 B8.63384 d . 646690 . 65784
d./2531 3.83748 d . 80006 g . . 88880

Bottom
Section

0. 0e60a ). 80068 3, 06008 B, . 80060
B.68031 3. 63841

Top Section p.55518 3. 54862
p.61340

Screenshot of a Portion of the Power Profile
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Why the Plan Didn’t Work NILST | i

This is not supposed to happen

WARNING: Routine OFIRATIO failed to converge to the desired accuracy after 3000 iterations, with a guess OFIR = 9.3612E
+@0, actual HEAT FLUX = 5.7136E+02
HEAT FLUX diff. achieved = 5.3755E+03, guess HEAT FLUX = 5.3755E+03 compared to HEAT FLUX from correlation =
©.000B8E+BB

WARNING: Routine OFIRATIO failed to converge to the desired accuracy after 3000 iterations, with a guess OFIR = 9.9929E
+00, actual HEAT FLUX = 1.0708E+62
HEAT FLUX diff. achieved = 1.075UE+83, guess HEAT FLUX = 1.0754E+03 compared to HEAT FLUX from correlation =
0.0000E+BD

WARNING: Routine OFIRATIO failed to converge to the desired accuracy after 3000 iterations, with a guess OFIR = 9.U95UE
+80, actual HEAT FLUX = 1.0733E+82
HEAT FLUX diff. achieved = 1.82U43E+83, guess HEAT FLUX = 1.02U3E+03 compared to HEAT FLUX from correlation =
0.0000E+BD

WARNING: Routine OFIRATIO failed to converge to the desired accuracy after 3000 iterations, with a guess OFIR = 1.8309E
+01, actual HEAT FLUX = 1.0759E+02
HEAT FLUX diff. achieved = 1.1147E+03, guess HEAT FLUX = 1.1147E+03 compared to HEAT FLUX from correlation =
©.000B8E+BB

WARNING: Routine OFIRATIO failed to converge to the desired accuracy after 3000 iterations, with a guess OFIR = 9.3U53E
+00, actual HEAT FLUX = 1.0785E+62
HEAT FLUX diff. achieved = 1.0130E+83, guess HEAT FLUX = 1.0130E+03 compared to HEAT FLUX from correlation =
0.000RE+BD
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current model)

Cladding
Top Section /

Top Section

Empty Area Empty Area

Bottom

Bottom Section
Section Fuel Meat Approximated Row of

Fuelin PLTEMP(v2)

lidworks Model of Fuel |
Solidworks Modelof Fuel o 1 ¢ Flielin the NBSR APProximated Row of
Elementin NBSR Fuel in PLTEMP(v1) 13
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* Assumption: power is not generated equally throughout the reactor (power
analysis done elsewhere)

LOCATION OF LIMITING SAFETY MARGINS & TEMPERATURES IN THE REACTOR WITH LATERAL CONDUCTION
{OVER ALL ASSEMELIES, PLATES & STRIPES), WITH ALL 6 HOT CHANNEL FACTORS SPECIFIED BY THE USER
| O CATION---------->
Lateral Axial Assembly Fuel
Channel  Mesh Mesh  Number  Type
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PLTEMP Summary of Limiting Safety Margins & Temperatures
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Results - Mass Flow Rate NIST | s

Mass Flow Rate - rate at which coolant flows through a fuel assembly

Inner Plenum - Mass Flow Rate Comparison Outer Plenum - Mass Flow Rate Comparison
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Location Location
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Results - Coolant Temperature NIST | @rsistsemc:

* Coolant Temperature —temperature of heavy water in reactor

Inner Plenum - Maximum Coolant Temperature Comparison Outer Plenum - Maximum Coolant Temperature Comparison
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Results - Fuel Meat Temperature NIST | fsiisemo

* Fuel Meat Temperature — Temperature of the fuel meat (inner component of fuel plates)

Inner Plenum - Maximum Fuel Meat Temperature Comparison Outer Plenum - Maximum Fuel Temperature Comparison
T T T T T T T T T T T
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Results - Critical Heat Flux Ratio NIST | @aiiisenc

. Critical Heat Flux Ratio — ratio of critical heat flux to local heat flux
* Tobeconsidered “safe”-CHFR > 2

Inner Plenum - Minimum Critical Heat Flux Ratio Outer Plenum - Minimum Critical Heat Flux Ratio
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* Improving the Current Model
 Experiment with Modeling Top/Bottom Sections Separately
* Adjusting Correlations Used
« Complete Verification and Validation Process

* Creating New Models with Different Programs

* Pronghorn
* COBRA-TF
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Questions??
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