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 Project Collaborators & Background
* Project Goals & Timeline

* Heat Pipe Development
* Wick Development & Characterization
» Heat Pipe Fabrication & Filling

* Heat Pipe Testing
» Questions & Discussion
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Project Collaborators and Background @

« Collaborative effort between:
o University of Wisconsin-Madison (UWM) AlM
o Mark Anderson (Pl), Paul Brooks, Nikona Rousseau, Erik Tillman, Peter Beckman, Tiago Moreira (Former Co-Pl)
o Texas A&M University (TAMU)
o Yassin Hassan (Co-Pl), Joseph Seo, Hansol Kim @

o Westinghouse (WEC) ~
o Michael Shockling (Co-Pl), John Lojek, Rachel Riley, Harold Maguire, Jennifer Sassaman, Hayley Wagreich ‘to
=<

o Los Alamos National Laboratory (LANL)
o Martin Ward, Bob Reid, Katrina Sweetland (Former Co-Pl)

« Collaborators meet monthly to disseminate information and provide progress updates

« Goal: Understand the performance of sodium heat pipes with the following conditions
to support Westinghouse eVinci development
o Physical failures (pinhole breech, weld failures, manufacturing flaws, etc.)
o Prescence of high oxygen concentration
o Prescence of non-condensable gases
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Project Goals & Timeline

2024

2027

Failure modes and their
effects on heat pipes

) Deliverable Responsible
Tasks/Milestone:
Final Report UW-THL
. . . . UW-THL/WEC
Construction of instrumented sodium heat pipes LA/NL and
Characterization of theoretical heat pipe performance  |UW-THL/ TAMU/WEC
through numerical modelling and CFD and LANL

Characterization of the performance and limits of the
sodium heat pipes

UW-THL/ TAMU/WEC
and LANL

Assessment of heat pipe failure modes and their effects on

UW-THL/ TAMU/WEC

with different non-
condensable gases

heat pipe performance and LANL
. Design and construction of liquid sodium heat pipes with UW-THL/WEC and
Performance degradation 8 a PIP /
access for vacuum level control LANL

Characterization of the effects different non-condensable
gases have on heat pipe performance

UW-THL/ TAMU/WEC
and LANL

Effect of sodium oxygen
content on heat pipe
performance

Corrosion assessment of heat pipe candidate materials in
liquid sodium at different oxygen concentrations

UW-THL/ TAMU/WEC
and LANL

Evaluation of the effect that sodium oxygen concentration
has on heat pipe performance

UW-THL/ TAMU/WEC
and LANL

Wick optimization and heat
pipe performance

Development of optimized wicks based on CFD and water
experiments considering water-sodium scaling
methodologies

TAMU/ UW-THL/WEC
and LANL

Construction and testing of heat pipes with optimized wicks
from start-up up to their limits of operation

UW-THL/WEC and
LANL
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Heat Pipe Development — Task 1

« Design and manufacture sodium heat pipes with
reasonably prototypic dimensions and

performance
First Generation Heat Pipe Parameters ((o Endear  Evaporator Endcap = Inconeltube
« Dimensions @ =
o OD:0.75" 3
o Condenser Length: 9" / /
o Adiabatic Length: 17.7" Evaparatoreap

Evaporator

o Evaporator Length: 9

Sintered tube wick
« Materials
o Tube:Inconel 625

o Wick: Stainless 316 . RULEE LIDC LS
. Wicks Condenser cap . .

o Porous sintered tube | ./ T—

o Wrapped Mesh | @ 4 .

o Sintered Mesh
« Fillratio Target Condenser B T e, "
o 100% - 120% - 5 “ggﬁﬁ%effaﬁ RS

Inconel Tube

Figure 1. Heat pipe design.

i r Thermal
H Hydraulics University of Wisconsin - Madison. Thermal Hydraulics Group. March 11, 2026
Laboratory



Wick Development — Task 1

Two wick design options

Wick 1: Porous Sintered Tubes:

o Specifications
o 14 ym pore radius
o 0.063" thick
o 0.625" OD (0.014" gap size)

Wick 2: Hand Wrapped Mesh

o Specifications
o Stainless 316 — 250 Square Mesh
o 60 um pore radius
o 0.028" thick
o 0.625" OD

Wick 3. Mesh (In Development)

o Specifications

Stainless 316 — Dutch Weave Mesh
Opening size: 20 um

0.020" thick

0.600" OD (0.026" gap size)

Figure 2. Porous sintered wick.

©)
O
O
O

Figure 3. Sintered mesh wick.
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Wick Characterization — Task 2

Bubble test characterizes pore size

Relates pressure to pore size:

20

—— P,qs (Young-Laplace)
Visual observation of largest pore
location

o Determines condenser end of
wick

Proper characterization improves
modeling and limit calculations

Effective Pore Size:
o Porous Sintered Wick: 19 um
o Wrapped Mesh Wick: 60 um
o Sintered Mesh Wick: 20 um

Wick in glass Jrube i__&n" ‘ﬂ\'"
ftlled WIfh me’rhcnol
' \

wmwmmm mmmw“"‘ L

-

| Figure 4. Porous sintered tube wick bubble test.

‘QEE“ e

Pressure
transducer

Rubber stopper & clamp |
used to seal on wick

Figure 5. Bubble test setup.
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Limits of wicks — Task 2

Applied heat pipe theoretical limits
to design wick geometry:

o Thickness

o Gap size (OD)

o Pore size

+ Chose geometry that maximized
operating limits

« Compared analyfical limits to
numerical models
o HITPIPE
o NASA GLENN

» Targeting reasonable heat pipe
limits for microreactor applications

o ~5kW

« Capillary limit is typically the most
difficult limit for microreactor scale
heat pipes

& 9

15000 ———5—

12000 | .

9000

QW]

6000

3000 |

Chi Viscous Limit
Chi Sonic Limit
Chi Capillary Limit
Chi Boiling Limit
Zohuri Viscous Limit
Faghri Sonic Limit |
——o—HTPIPE Capillary Limit
—=—HTPIPE Sonic Limit

O X e p» m

600

800
Temperature [C]

1000 1200

Figure 6. Porous sintered wick heat pipe limits.
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TAMU Permeability Measurements — Task 2 & 9

TAMU measuring wick structure
permeability

o Important for modelling and
predicting heat pipe behavior

Using ethanol as a baseline fluid

Mass measurements over time to
capture capillary rise rate

Figure 7. schematic (left) and picture (right) of the wick characterization

Applied relationship between experimental sefup.
porosity, pore size and permeabillity.

e 20 Teff g
tHolle -=f(Kr m )=— [ *In{ 1 — m + ——Meyp|
y & Faghri v Teffrtexp 2 exp exp
pngK Teff 20Avwick€ Aye
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TAMU Contact Angle Measurements — Task 9 @

« TAMU measuring fluid-porous media
contact angles

o Important for modelling and
predicting heat pipe behavior

« Using water as a baseline fluid prior to
using sodium

100x100

° ViSUOl medsuremen.l.s Of Con.I.OC.I. Figure 8. Water-mesh contact angle measurements.
angle between fluid and wick —
material ;

droplets

« Also taking X-ray images of sodium- '4

porous media interactions

o Challenges in making sure we achieve
similar wetting characteristics as an
operational heat pipe

Figure 9. X-ray images of sodium-mesh interaction.
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Heat Pipe Fabrication — Task 1

Evaporator

. . | IS (nconelffubg cap
« Bubble test to identify R s\ 2. Inconel tube

condenser end

* Clean wick with ethanol
and vacuum bake

« Laser weld heat pipe
assembly

e Clean with ethanol

Inconel
« Vacuum bake in fill loop S — combined cap
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Sodium Fill = Task 1 Vacuum/Gas

1. Vacuum bake Heat Pipe

2. Circulate sodium through heat pipe
and cold trap to wet and reduce
any oxide presence in heat pipe

Set desired sodium fill level
X-ray verification
Scale verification Sodium

Conduct XRCT fo verify sodium fil valves
volume and obtain as fabricated
complete 3D model

oW

Figure 10. Sodium fill loop.
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Heat Pipe Sealing — Task 1

Developed repeatable sealing technique
o In-line diffusion bond

Leak proof against:
o 30 psi helium leak detection
o 5000 psi of H20

Heat pipe sealed in fill-loop

Quick and repeatable filling and sealing
of heat pipes

Figure 11. Microscope image of seal.
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X-ray Fill Verification — Task 1

 In-situ X-ray imaging to identify fill meniscus
during filling

Post-fill full CT scan to verify heat pipe internal
geometry and sodium volume

Fill ratio between 105% and 130%
o Each gram ~1.5% fill ratio and gap

.

Sintered tube wick

Annular gap Inconel Tube

Figure 12. CT scan results.

H L University of Wisconsin - Madison. Thermal Hydraulics Group.

*Fill ratio defined as
void volume in wick

Figure 13. Heat pipe sodium meniscus.
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Summary of Heat Pipe Development —Tasks 1,2, 5 & 9 @

« Development of a repeatable heat pipe
manufacturing process.

* Initial design of heat pipe with two
different wick geometries.

o Designed wicks to maximize theoretical
performance

o Manufactured wicks and characterized
performance with bubble test.

o Fabricated heat pipes
o Filled to desired volume

o Developed repeatable and effective
sealing method

* Filling procedure allows for controlled
delivery of NCGs

Readout
for CG/IG

To Vacuum

e
Vacuum/Gas Valve
Cleanable Wetted Diaphragm Valve

Figure 14. Vacuum confrol schematic.

Now to initial testing
—

Thermal
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Heat Pipe TC Locations— Tasks 3 & 10
Alm

23.81in (60.48 cm)

17.91 in (45.49 cm)
12.01in (30.51 cm)

~———8.05in (20.45 cm

~———8.05in (20.45 cm)}———
4.525in (11.49 cm) (
: 4.525in (11.49 cm)
1.00 in (2.54 cm)}+— ‘ l"_"1 .00 in (2.54 cm)
TC1 TC3 Tc'|5 TT‘ TCTQ TCM TC13 TT‘I 5 TT‘I 7
‘ Guard Tube @ | EVE:IPDTEI‘IDF | ‘ Adiabatic | | Cc}ndenser E Guard Tube |
0.6875in (1.75 cm}L TC2 TC4 TCH TJS TC10 TC12 TC14 TL‘IE- TJD‘IB_. -0.3125 in (0.79 cm)
. ———9.055in (23 cm)}———
. 17.72 in (45 cm)
~———9.055in (23 cm)—
Thermal
H Hydraulics University of Wisconsin - Madison. Thermal Hydraulics Group. March 11, 2026 16
Laboratory



Preliminary Testing Instrumentation — Tasks 3 & 10

* Initial testing (Low Power)
o Kanthalribbon heated evaporator A M
o Air flow cooling jacket condenser

o Thermocouple wall temperature measurements
o X-ray imaging

« Test Conditions:

o Natural convection cooling (blower off) at 350 W steady state '\
o 15% Blower Speed (17 mA3/hr) at 450 W steady state “o
o 30% Blower Speed (40 mA3/hr) at 520 W steady state -
o Kept average evaporator temperature between 600 and 700 C

Condenser (0

R

.23m)

X
e T

Figure 15. Heat Pipe testing sled.
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Verification of Starfup Behavior — Tasks 3 & 10

« Vapor flow transitions from

molecular o continuum
o HTC goes way up

» Used the relationship

defined by Faghri to verity

transition femperature

" = ()52

univ. PDy

700 [ - R . e —
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aip 1= AdiabaticTCs #..é.-_;f:;“"
| |— ——Condenser TCs éfﬂﬁ%%
3 /.--" -
- - :qrrc—.:i;%g".— 1"
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Figure 16. Startfup TC data of wrapped mesh heat pipe.
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Startup to Steady State —Tasks 3 & 10

t=14:00:38, Q = 0W; Q_ = OkW/m?2: Q= O0kW/m?2: k¢ = OKW/m-K

BOO 3
- O BottomTCs
- #* TopTCs
700 |-
600 :—
Q 500 :—
S
S 00
S [
EE 300 |-
200 :—
100 :—
D : |. Il L | 1 ' Cpnd’sgr Adlapatlcl P 'l L L 1 I 1 Il .l L | L L 1 L p 1 Aplab?tlc EIJ#)r?lorl L Il q 1 L 1 |. I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Distance from Condenser [m]
— 50T T | T | | | | T T
?E;a&:}— _ | I'E
S . &
5 s00l— R
:T_:_' 200 Lo l“\-!
Ry o | | | | | I | | | | | | | | | | | | | | o =
1355 1355 1355 1356 1356 1356 1357 1357 1357 1357 1358 1358 1358 1358 1358 1359 1358 1359 1400 1400 1400
Time|hr]
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S.

Heat pipe installed in

450 kV X-ray facility for

Imaging

o Up to 30 fps acquisition
speed

0 2048 x 2048-pixel array
(41 cm x 41 cm)

Figure 17. 450 kV X-ray facility.

. time =1000.00s || 10xspeed
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Steady State & Effective Thermal Conductivity — Tasks 3 & 10 @

« Considering only active heat pipe
length

« Applying Fourier’s Law;
* Q= keppAcy;

1TH

o Region where temperature profile is
isothermal

outer diameter

o dT = Temperature difference
between avg evaporator TC S

temperature and avg temperature of

the farthest set of condenser TC's

(top and bottom avg)
o dx = axial distance from cenfer of 0

heat zone to farthest set of active
condenser TC's.

o Q = power input

700 |

C L
dx 800
o A, = cross sectional area using tube . _|

Q. 500

. T

t= 14:41:14; Q = 354W; Q_= 1244kWim?; Q = 26kWim?; k . = 32kWim-K \ @

(:71. mr;q s AV '\
b
)

,, Cpndenser | Adiahatic,

Loy I S S R Aqiaba“c E'«’@I’@IOV" T L1 \* |

02

0.3 04 0.5 0.6 0.7 0.8 09
Distance from Condenser [m

Figure 18. Steady state TC data of wrapped mesh heat pipe.
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Verification of Starfup Behavior — Tasks 3 & 10 @

« Observations: m

o Mesh wick heat pipe saw slightly higher effective thermal conductivity at

lower powers
o Mesh wick saw significant dry out at higher heat flux
o Sintered wick wetted better =
o Effective thermal conductivities ranged 8-32 kW/m-K D)
~
o Copper ~0.4 kW/-m-K
Effective
. Heating Cooling Blower  Max Temp AT . . Axial Heat Flux Radial Heat Flux
Heat Pipe Setpoint [W] Speed [%] [C] [C] C[(;:;gzl/l;lt_l;(l]ty [kW/m"2] [kW/m*2]
350 0 696 32 25 1213 25
Sintered
Wick 440 15 682 64 17 1545 32
520 30 694 129 10 1833 38
350 0 620 31 32 1244 26
Mesh
Wick 440 15 652 63 17 1537 32
520 30 729 166 8 1820 38
Thermal
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Expanding Testing Facilities — Task 3

» Testing heating capabilities of
our induction heating system.

« Determining accuracy of
measuring surface temp w/
fiber optic tfemp sensors.

o Skin effect on metal capillary
may skew measurements

« Verifying surface temperature
w/ IR camera

-
)'/4

Fiber Quter wall slit
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Expanding Testing Facilities — Task 3

1TH

Thermal
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Temperature vs Location
Time: 2026-01-30 19:16:44.986 UTC

200

150

Temperature {':C]
=]
=

50

0 | | | | 1

b

TCs

Fiber Prafile

16 1.65 1.7 1.75 1.8 1.85
Location (m)

21
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Next steps @

Expand heat pipe testing facility
Y

o Induction heated evaporator

o Helium gas-gap calorimeter condenser @
« Perform corrosion tests on heat pipe candidate materials — Task 7
o Materials likely used for microreactor heat pipes (Inconel, Kanthal, FeCrAl, etc.) "3
<

Develop methodology to test heat pipes during failure — Task 4
o Laser induced pinhole breach

Further explore performance degradation from

o Non-condensable gases — Task 6
o High oxygen content —Task 8

i r Thermal
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Publications @

« Journal papers ATI
E. Tillman, T. Moreira, G. Nellis, & M. Anderson. “High-Resolution Internal Temperature Measurements

and X-Ray Imaging of Sodium Heat Pipes.” Applied Thermal Engineering, 2025 [submitted, under
revision]
'
» Conference Papers: “9

E. Tillman, T. Moreira, G. Nellis, & M. Anderson. “High-Resolution Temperature Measurements on
Sodium Heat Pipes Applied to Microreactors.” Presented at the ANS Winter Meeting 2024.

E. Tillman, G. Nellis, & M. Anderson. “X-ray Imaging of Flow Phenomena Within Sodium Heat Pipes
for Microreactor Applications.” Transactions of the American Nuclear Society, 2023.
doi.org/10.13182/T128-42068

E. Tillman, G. Nellis, & M. Anderson. “Manufacturing and X-ray Imaging of Kilowatt-Scale Sodium Heat
Pipes for Microreactor Applications.” Proceedings of the ANS Winter Meeting 2022.
doi.org/10.13182/T127-39763
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Airflow [

X-ray detector screen

Heat Pipe Testing and Characterization
Facility

« Heat pipe installed in 450 kV X-ray facility for
imaging
o Up to 30 fps acquisition speed
o 2048 x 2048 pixel array (41 cm x 41 cm)

;i

——=lil :. v .t,/ S A ‘i [—
Airflow == - J SI 5
Outlet e = ~w. Uia GLISE

e SNyl S — — i fiber optic

—1
interrogator

« TCs measure external evaporator and
condenser tfemperatures

¢

Condenser | Heat pipe evaporator
cooling jacket (insulated)

?

° LUHO OD|S| B SyS'I'em records ”’Tl'ern(]l FODTS a) CndenserSect.ion Adialqatic ) E\{aporatorSectiop
Heat removal by air flow Section Heat application by Kanthal ribbon heater
temperature data outlet Plenum r A v A \
Air Inlat D Heat Pipe

o 0.5mm gauge length
o Up to 100 Hz acquisition frequency

« Evaporator heated using resistive heating b) A S | Kanthal Heater Leads —
. Y 10er optic sensors
element (measure DC power input)

Cooling Jacket (FODTS) highlighted in

: 0) .
-« Condenser cooled by forced airflow Lo emoeelomefiaton

(measured using hotwire anemometer)

TC21 TC19 TC17 TC15 TC9 TC7 TC5 TC3 TC1

O Vapor Core Capillar
Thel’ma| I il Y Condenser27.9cm Evaporator 46.4 cm
Hydraulics O Wal Capllery .
@® Top Thermocouples Total Length 76.8 cm
Laborato ry O Bottom Thermocouples




Parameter Value

Liquid sodium front Condenser | Adia.

Exomple: STOI’TUD Characteristics Pipe OD / ID 1.25 [in] / 1.12 [in]
Vapor Core Dia. 1.00 [in]
Vapor Core FODTS measurements, S00W startup Evaporator Length 18 [in]
- O0mn ——t= 12min ——1t= 40 min Adiabatic Length 1 [in]
——t= 3min t= 15min t= 70 min Condenser Length 11 [in]
t= 6min =——t= 20min =t= 120 min ) ) )
———t= 9min ——t= 30min ———t= 170 min Wick Thickness 0.045 [in]
Wick Composition 6 Layers of 316 mesh:
600 - Inside: 1x 100x100
. Middle: 3x 400x400
& 500 Outside: 2x 60x60
= Max. Annular Gap  0.030 [in]
S 400 / Sodium Fill 150% of wick + gap
% volume
|2 300 21 minutes after startup é_ 23 minutes after startup
c_Eu = S i R
O F == , %300—
£ 200 /1) I _
E # / % :Ezoo- g
T 100 L N N B A o S -
: _// ’ Ij:ngth from (;gnclenser E:c(i) [cm] ® * E ’ ’ Il(e)ngth from ézndenser Er2|3 [em] © *
0 : : : : : : L esseseessmenmenn  « [ L e R
0 10 20 30 40 50 60 70 E

Length from Condenser End (cm)

____________________________________________________________________________
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Steady-State Operating Conditions

a) 500 W, no airflow
(60 W/cmA2)
800 [ |
750 | §
5 700F |
S8 i
Q650 F :
i *
g e 5 s *
L 600} . i
Q. L '
€ O
o P
F 550 —
500 55 § Core Fiber
g @ — = = Wall Fiber
450 8 8_ *  Top TCs
i S: ' @ O Bottom TCs
[ O,
400. PR I S S SR T IS S SR T SR SN ST S SR S I ST S SR SR T ST S R SN N ST SR S S S S S
0 10 20 30 40 50 60 70

1TH

Length from Condenser End (cm)

b) 1500 W, 42 m3/hr airflow

850 [

750

Temperature (°C)
(@] (@] ~l
o (6] o
o o o

[6)]
[8)]
o

450

400

800 |

500 [

(185 W/cmA2)

- * O )

i ® @ 5

L O

1 5 5 Core Fiber
2@ — = = Wall Fiber

r 8 S * TopTCs

[ 8: ' 8 O  Bottom TCs

[ ||OE|ELU||||

0 10 20 30 40 50 60 70

Length from Condenser End (cm)

Thermal
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Pipe Wall

O Vapor Core Capillary
O Wall Capillary
@® Top Thermocouples

O Bottom Thermocouples
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Effect of Heat Flux on Steady-State Operating Conditions

a) No condenser airflow b) Condenser airflow of 42 m3/hr AHM

800 | — 800 | —
100 7 : 700 p = '
7 P r Co
s it i v ~
600 | 7 — =~ 600 | L "Q
—_ I 7 v —_ i ‘
O ! s It O I it —<
a0’ L L ool | _—
q3500_(/ i 9500' —
2 | L 2 !
© St ©
5 400 [ — 5 400 ¢
o r o L
E | £ .
~ 300 [ — ~ 300 | |
I Lo E Core Fiber, 500 W
200 F Lo 200 F : — — = Wall Fiber, 500 W
[ 505 Core Fiber, 500 W 7 55 Core Fiber, 1000 W
[ g '® — — = Wall Fiber, 500 W r g | ® Wall Fiber, 1000 W
100 ¢ S8 Core Fiber, 750 W 100 ¢ s 8 Core Fiber, 1500 W
: 5 1 g — — — Wall Fiber, 750 W : G | g — — = Wall Fiber, 1500 W
O_....I....I..L.)iIil.-u...l....I....I....I... O_...JI....I..QEIil.-u...l....I....I....I...
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Length from Condenser End (cm) Length from Condenser End (cm)
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Time-Resolved X-ray Imaging @

* Developed algorithm to track the liquid-vapor interface for pTQ[
every axial position
time = 0.000 s @

Both videos show condenser, 1000 W steady-state, 1/3x speed

Thermal
Hydraulics E. Tillman, T. Moreira, G. Nellis, & M. Anderson. “High-Resolution Infernal Temperature Measurements and
Lahoratory X-Ray Imaging of Sodium Heat Pipes.” Applied Thermal Engineering, 2025 [submitted, under revision] 33



To Condenser

* Present NCG's raised sodium boiling
temperature

« NCG's built up in condenser region
o Shortened effective condenser length

time=0.000s || 5 speed

time =0.00s || 5xspeed

1TH

Thermal
Hydraulics
Laboratory

University of Wisconsin - Madison. Thermal Hydraulics Group.

March 11, 2026

<

Power
Increase

Shutdown

34



Thermal
H Hydraulics University of Wisconsin - Madison. Thermal Hydraulics Group.

16 kW, 480 V/ 3-phase

Custom coil design and efficiency
calculations

o ~70%

Frequency adjustment via switching
capacitors/ adjusting tfransformer ratios

0-10V/4-20mA signal control

Good control down to ~400W (before
coll efficiency losses)

Currently going through purchasing
process

Drawing new test stand for custom caill
design

Laboratory

March 11, 2026 35



* Task 1: Failure modes and their effects on heat pipes:

o Major:

o Characterization of the performance and limits of the sodium heat pipes

o UW (lead), TAMU, Westinghouse and LANL

o Assessment of heat pipe failure modes and their effects on heat pipe performance

o UW (lead), TAMU, Westinghouse and LANL
o Minor:

o Construction of instrumented sodium heat pipes
o UW (lead), Westinghouse and LANL

o Characterization of theoretical heat pipe performance through numerical modelling and CFD
o UW (lead), TAMU, Westinghouse and LANL

* Task 2: Perfformance degradation with different non-condensable gases:

o Maqjor:
o Characterization of the effects different non-condensable gases have on heat pipe performance
o UW (lead), TAMU, Westinghouse and LANL

o Minor:

o Design and construction of liquid sodium heat pipes with access for vacuum level conftrol
o UW (lead), Westinghouse and LANL

1TH

Thermal
Hydraulics
Laboratory

University of Wisconsin - Madison. Thermal Hydraulics Group.

March 11, 2026
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- Task 3: Effect of sodium oxygen content on heat pipe performance: FTW
o Maqjor:
o Evaluation of the effect that sodium oxygen concentration has on heat pipe performance @
o UW (lead), Westinghouse and LANL
o Minor: S
o Corrosion assessment of heat pipe candidate materials in liquid sodium at different oxygen concen’rro’ri@
o UW (lead), Westinghouse and LANL -

» Task 4: Wick optimization and heat pipe performance:

o Minor:

o Development of optimized wicks based on CFD and water experiments considering water-sodium scaling
methodologies

o TAMU (lead), UW, Westinghouse and LANL
o Maqjor:

o Construction and testing of heat pipes with optimized wicks from start-up up to their limits of operation
o UW (lead), Westinghouse and LANL

i r Thermal
H Hydraulics University of Wisconsin - Madison. Thermal Hydraulics Group. March 11, 2026 37
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 Fiber-Optic Distributed

Temperature Sensing (FODTS)

« Change in temperature causes

opftical fiber to expand

 This causes a change in

refractive index

Reference
r A R
<+
Coupler
Fiber Under Test
r % A
<+

o

N EN I\ N\ /,’ A PRTA // e
Reflection 1/ \ / \ / \/ \

Wavelength
Swept Laser

/ P \/
0 e /
WV N aYa M A ¥ A N

Reflection 2

VVVVYV
A
@um

Local Variations of Refractive Index
Rayleigh Backscattered Light A

Cross Correlation
Determines Shift --- Reference Key

5 i i — Shifted Peak
Reflection 2 Reflection 1 / Incident Light A Reflection 1
Gy» .v» [ C ' Reflection 2
-
1 1
Image Credit: Weathered (2017) Frequency
— 350

« Reference key allows calculation

of temperature profile along the
fiber length

« Spatial resolution of ~0.5mm

« Measurement frequency up to

1TH

100 Hz

Thermal

TS-104 .
TS-103

Temperature (°C)

M

Hydraulics
Laboratory

40
Time (s) 60

Image Credit: Luna (2025) ~

AN
0 1st Cooling
20 2200
2150

’Y\ Steady State

Fiber
Location (mm)

1300

Temperature (°C)

250

200
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1TH

« High-power (450 kV) industrial X-ray
IMmaging system
o Designed for imaging of steel
components

« Can be used to acquire 3D images
(CT scans) or series of 2D images

 Detector characteristics:
o Pixel size: 2048 x 2048
o Pixel pitch: 200 um

o lmage acquisition rate of 15 Hz or 30
Hz with 2 x 2 binning

Thermal
Hydraulics
Laboratory
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1TH

0

1

Caplllaries for Internal FODTS Measurements

Evaporator End
End Cap

Condenser End

« Goal: use FODIS to get intfernal
temperature data
o Spatial resolution: 0.5mm
o Temporal resolution up to 100 Hz

« Designed heat pipe with two
embedded capillary tubes

Dead End
Capillary

N—— =

Pipe Wall Fill Tube

Capillary path highlighted in red

« CNC laser weld to sedl
capillaries into pipe without
leaking

« Tested with helium leak sniffer to
verify hermetic seal

HP condenser end after aryla

(e

Thermal
Hydraulics
Laboratory



Mesh 1: 350W; No Blower; Steady State
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Mesh 1:440W; 15% Blower; S’reody State

1TH
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Mesh 1: 520W; 30% Blower; Steady State

1TH

Thermal
Hydraulics
Laboratory
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Porous 3: 350W; No Blower; Steady State

2
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Porous 3:440W; 15% Blower; Steady State
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Porous 3: 520W; 30% Blower; Steady State
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