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BACKGROUND

Neutrinos are one of the biggest research areas
to look for Beyond the Standard Model physics,
and studying rare processes requires high intensity
neutrino beams. For next generation facilities, ro-
bust targets need to be designed which can sustain

the increased radiation damage and thermal shock
from higher beam intensities (up to 4+ MW)
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NANOFIBER TARGETS

 High Power Targetry R&D Group at Fermi-
lab studying nanofibrous target material—
electrospun mats of Yttria-Stabilized Zirco-
nia nanofibers [1,2].

e Several potential advantages:

1. Empty space dissipates thermal stress
waves

2. Porosity allows cooling with gas tflow
3. Intrinsic radiation hardening

 Thermal shock test with single beam pulse
at HiRadMat revealed survival depends on
construction parameters.

e Top row: less dense nanofiber mat (Solid Vol-
ume Fraction (SVF) f = 0.05) appears un-
damaged. Bottom row: denser mat (SVF
f = 0.20) tailed after beampulse.

Objective of this work: replicate HiRadMat test
with multiphysics solver, and identify failure
mode, and how it depends on density of mat.

REFERENCES

[1] S. Bidhar et al., “Production and qualification of an elec-
trospun ceramic nanofiber material as a candidate future
high power target”, 2021.

S. Bidhar, “Electrospun nanofiber materials for high
power target applications”, tech. rep., 2017.

K. Daryabeigi, “Heat transfer in high-temperature fi-
brous insulation”, 2003.

R. Bhattacharyya, “Heat-transfer model for fibrous insu-
lations”, 1980.

M. Tomadakis and T. Robertson, “Viscous permeability
of random fiber structures: Comparison of electrical and
diffusional estimates with experimental and analytical
results”, 2005.

N.V. Mokhov and C.C. James, The MARS code system
user’s guide, version 15 (2016). Fermilab-FN-1058-APC,
2017.

N. Mokhov et al., “MARS15 code developments driven
by the intensity frontier needs”, Prog. Nucl. Sci. Technol.,
pp. 496-501, 2014.

N. Mokhov, “Status of MARS code”, Fermilab-Conf-
03/053, 2003.

CONTACT INFORMATION

W.]J. Asztalos: wasztalos@hawk.iit.edu

DOMAIN & BC’S

* 10 mm x 10 mm X 0.1 mm rectangular
porous zone

e Twol0mm x 10 mm x 5 mm columns of air
as outflows
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2: homogeneous Dirichlet pressure BC, and
fixed temperature of 300 K

Beam

r, £y directions, homogeneous dirichlet
velocity BCs, zero heat flux.
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SIMULATIONS
Solver: ANSYS Fluent

Two simulations, low density mat (f = 0.05)
and high density mat (f = 0.20).

Uniform mesh, Az = 0.02 mm in porous
zone, Az = 0.1 mm in air

Beam: time-dependent volumetric source

term to energy eq'n in porous zone from
MARS [6,7,8]

— 4 us with source on, At = 0.1us
— 36 us with source off, At = 0.5us

SIMPLE algorithm, transient laminar flow

RESULTS: COMPARING AIR PRESSURE CHANGE FROM BEAM PULSE

Comparison of Gauge Pressures at Target Center
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Table of air pressure rise in target center at ¢t = 4us
with decreasing operating pressures

f =0.05

66.6 KPa
42.1 KPa
6.42 KPa
0.639 KPa

f=0.20

527 KPa

63.6 KPa

6.33 KPa
0.629 KPa

Operating Pressure

1 atm

0.1 atm
0.01 atm
0.001 atm

Notice that f = 0.20 has the higher pressure rise
until operating pressure falls below 0.01 atm, and
that pressure rises are similar at that point.

* Gas phase thermal conductivity [3] incorpo-
rates size etfects and non-equilibrium

 Porous zone effective thermal conductivity
[4], nonlinear combination of solid and gas

* Permeability to fluid flow (in Darcy’s Law),
o, given below [5]
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* Beam-target interaction: MARS [6-8], 440

GeV protons, 4us beampulse, 0 = 0.25mm,
1.21 x 10" protons on target
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Contours of air pressure rise inside a f = 0.05 tar-
get after 12.6us as seen from the perspective of the
beam (into the page). Shows that a wave of air ra-
diates from the center outward after beam pulse.

CONCLUSIONS

Results support hypothesis that the high density
(f = 0.20) nanofiber target failed because of air
in the pores exerting higher pressure after being
heated by the beam as compared to the low den-
sity (f = 0.05) sample, because:

e Pressure rise at target center is about 5 times
larger in f = 0.20 case

* Pressure wave at target center induced by
beam arrives at boundary slower and more
attenuated for f = 0.20 case

* [Lowering operating pressure (simulates vac-
uum) causes difference in pressure rise be-
tween two cases to vanish



