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Project Overview

« Goal: Establish a capability to perform in-pile thermal
property measurements under prototypic conditions for
materials of interest

* Participants (2019)

— Austin Fleming, Colby Jensen, Kurt Davis (INL)
— Courtney Hollar, Dave Estrada, Ralph Budwig (BSU)

« Background: Previous work has established T
the thermal conductivity needle probe based e o
on the transient line source method.

— Technique determines sample thermal conductivity o
through a simplified data reduction algorithm, but | svesmars
requires a specific set of assumptions

— These assumptions cannot always be satisfied under
prototypic conditions —
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Accomplishments

« Multi-layered analytic thermal model developed
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« Model enables:

— Finite sample sizes @ L g
— Contact resistance e -y
— Accounts for probe geometry %295
. Finite element model results were  Z,,|  mi:
compared to the analytic model .
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Accomplishments

« Avariety of sample material and *

sizes were experimentally
tested and analyzed

« Thermal contact resistance
variations were tested using
thermal grease at probe
interface ;,

Stainless steel 304- 20mm diam.
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[ » Sensitivity Analysis was conducted
for each thermal parameter

4 energy.gov/ne



Accomplishments

Contents lists avatlable at ScienceDirect

International Journal of Thermal Sciences

journal homepage: www elsevier com/locatelijts

* Developed and experimentally tested a
frequency-domain configuration for the
needle probe

* Published a journal article E-
documenting time domain results.

A parametric study for in-pile use of the thermal conductivity needle probe [ M)
using a transient, multilayered analytical model =
Courtney Hollar™™", Austin Fleming®, Kurt Davis”, Ralph Budwig®, Colby Jensen™ ",

David Estrada®~"
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By wiltzing an tn-plle mesurement, thormal condactivity Gin be determined U Prototypic ConNAIions over 3
range of bursp. In s work we deveiop 3 multSayer quatrupoks analytical modl to GCTRe the transknt
thormal Interactscns betwee 2 line haat scurca (Le. aoedle probe) and cylindrical nucker fil geomelry f2¢ In-
Pile thamal conductivity memurements. A fintte sioment analyss of the detatiod Neade Frobe goomatry Wi
compared to results from e analyticd modd to verlly the aSEmpEas MRe (3 the nytcl modd.
Exportmentally, the neode probe was used t MeSsIre the thermal properties of polytstrafiuoroathyiene (PTFE)
amd statnioss stocd 304 Wth thrve Gt dtamotirs (10 mm, 20 =m, and 30 =m). The amlyticil moded was
., which shownd good agroemant within 25 average standard eror
of 0.501 X. Rather han be restricted o the izsar mglon of the v. log(time) slope, the anatytical
model can we (e entire expertmental Carve 10 deterTEne the thermal conductivity of (e smples. Using the
amalytical mod, 2 parameter and semsltivity study was Conductad to sxpiore the vizblity of accuratsly ma-
surizg tho sample tharmal conductivity under various Mt conditions. I addition, true difkrent
Panmotors were studted for opmzaISon: various UO; dismotirs, varioss probe dlamsters, and thermal contact
m— o aecidate of tnptie

= low 15 10mm.

‘The Halden Bolling Water Reacior has performed tn.pile thermal con.
ductivity measurements by measurtng the centesiine temperature (5).

* Drafted a journal article documenting .

frequency domain results.

Q
0

<
o

-10
-20
-30
—40
-50
-60
-70
-80
-90

Steel 10mm
Steel 20mm
Steel 30mm

T ML |
107!
Frequency, Hz

Signal Generator

Knowledge of the thermal conductivity of nuclear fuels can be used
to ncrense the understanding of fuel behavior, support stmulation de.
sign codes, and to develop advanced fuels. Durtng trradiation, muclesr
fiels experience 2 change In phystcal structure and chemical compo-
sttion. Current thermal conductivity measurement appeoaches for ir.
radiated fuels rely on post trradiaticn examination (PIE), which can be
challengtng and 15 believed to not be fully representative of the state of
the fuel while under trradiation In a reactor.

Mast PIE methods use the laser-flash technique to determine the
thermal conducttvity [1-4). In addition, some studies measure the
thermal conductsvity wsing laser-flash at elevated temperatures. How.
eves, this approach does not account for a high radiation environment.
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Several required assumptions to extract thermal conductivity are not
always satisfied including untform fuel composttion, untform fuel
denstty, mintmal thermal contact reststance effects, and untform heat
generation within the fuel rod. For high bumup scenarios, detatled
knowledge of fuel properties 1s difficult to know in many cases.
Therefore, In many cases It is tmpossible to determine 1f these as-
sumptions are met, and 1f they are not, estimate 3 oTesponding .
certatnty value. In addition, welldmown heat flux and thermal hy.
draulic conditions are required.

The transient line source method 1s an altemative appeoach to
measurtng the thermal conductivity of solids, which has previcusly
been adapted for 1n-pile applications [6,7]. The detatled technique of




Technology Impact

* Provides information about the thermal properties or
conditions of in-pile nuclear materials.

* Existing in-pile thermal property measurements are very
limited (centerline TC,)

 This technology has the potential to provide information on
several phenomena of interest:

— Fuel Thermal Conductivity (burn-up dependent)
— Gap Conductance/Pellet Cladding Mechanical Interaction (PCMI)
— Other thermal performance parameters
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Conclusions

« Technigues were established to use with the thermal
conductivity needle probe to account for finite sample
sizes and a thermal contact resistance between the
probe and sample

« Experimentally validated these models/techniques using
both time-domain and frequency domain approaches

« The probe shows high potential for providing accurate in-
pile thermal property measurements

For more information contact Austin.fleming@inl.gov
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