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Thermal Gradient Measurement

David G. Moore, Ciji L. Nelson and Sarah L. Stair, NDE Department

Ultrasound - Experimental Analysis

An ultrasonic inspection system that will allow non-invasive measurements
of a thermal gradient and melt zones within highly dispersive waxes and
energetic materials has been developed. Throughout the experiment, the
material Is exposed to a heat source and an ultrasound wave propagates
through the dispersive media while the time of flight data is recorded.
Relatively small-variations in-measured wave velocity and signal-attenuation

can quantify significant variations within a material’'s microstructure, such as
a phase change from solid to liquid.
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Finite Element Model

L | Wax:
| | p-900 kg/m® ,
V, - 0.091 in/usec

To complement the experimental results, oot — 48
a finite element code was developed A
using the Discontinuous Galerkin |
Method. The model characterizes how |
the acoustic wave travels through the 0.0 T
media and how the sound wave interacts g
with the prescribed boundary conditions. 01005 00050
The model results for wave propagation Model setup and mesh
are shown in the below images.

, ARSI IS T RS a 4 a8 LT b B s b 50 8 90 005 T AR
0.05 PO gt taet L ann s 00 T00 0 0.05 ot T st R R R ns el _ RS 00 : _
L e -. ,_ .-_L _...\L. 38 \. | o -;,'.. f .. : I A ; 3 : - l_,-.- _[ : B ..... | 2 o8 7
05 NSt AR 0.05 e etes anma ne e e e 005 F 4% RS 0,05 -
e A o e = Lk Gy it .Le' ey e A o 1 s o S W B h s Y T e F 4
L
T 1 § | : L | L i 1 I L 1 L I

i 1 i I L L T I | ) -.- : T E I | i
0.05 -0.05 0 0.05

Steel:
p - 7850 kg/m®
V, -0.227 injusec
= 5800 m/s

ul vsi'e

6.5625 in
0.1666875 m

y (m)

1.751in
0.04445 m

190 kg/m®
.09 in/usec
= 2286 m/s
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Modeled progression of an ultrasound wave propagating across the container

C Through Transmission (TT) Probe
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v The images at left compare the signals
obtained via the measurement (top) and the
o0 E Through Transmission (TT) Probe

| model (bottom). The similarity between these
/JMM\/\/\N\JW\W\NM\/W graphs demonstrates the viability of using the
results of the finite element model for
TP deene @ " developing an uncertainty bounds on the
Measured (top) and modeled  yltrasound technique for monitoring the
(bottom) ultrasound signal nhhase and temperature of dispersive media.

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology and
Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International, Inc., for the U.S.
Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.

%

[}
L UL L

U-velocit

n
Lo}

U.S. DEPARTMENT OF " VWU R ¥ &/

74
ENERGY /[MVA A4
N, al Nuclear Security Administration

lation cui

I
R
& 9
s D
= %)
:’/
b o/
O </
Y{L‘L; &~




