WO 2023/164415 PCT/US2023/062893

100
;
108
1ot
AN
» N\
102~ . mo 106
B 110 ‘1
i 7 ~ Ny -~ /'
! . 142 7 <
i N > z e / 114
| — __.
; S 109 -
i o
i \\“ "‘-_J
a T T 121
: L 118
, 120
i
i
i
{
i

124~ T U

126

FIG. 1A

1/19



WO 2023/164415

102

104

PCT/US2023/062893

128

A
A\
i
{
{
{
i
i ......... =
{ \
! 136 132
i 108
i i
{ 134
i
i 112
l
7112
110
112
oy
T
zZ
v 122
;f .
118 126
FIG. 1B

2/19

/1 00

114

106



WO 2023/164415 PCT/US2023/062893

FIG. 1C

3/19



WO 2023/164415 PCT/US2023/062893

f295

200
202 g/// 128
[ /

;//”128

LLBLLLLLL L L LD AL L L T

:2@8

ﬁ
(6]

R {

(iéﬂﬁ
oo

i

- s R
i nnnnvanmn

o/

L2
102 204

4/19



WO 2023/164415 PCT/US2023/062893

204

FIG. 3

5/19



WO 2023/164415 PCT/US2023/062893

6/19



FIG. 5A




WO 2023/164415 PCT/US2023/062893

500
114, "}/ﬂgz /
502a [ —

ey — e B0
{
H
H
§
H




WO 2023/164415 PCT/US2023/062893

/ 800
106

— 114

9/19



WO 2023/164415 PCT/US2023/062893

-114

{1 710

10/19



WO 2023/164415 PCT/US2023/062893

e 800

/

11/19



PCT/US2023/062893

WO 2023/164415

108

Q04

-

end reflaction

112b

notch 2 reflection

él&

notch 1 reflection

—~

a

112

‘109

FIG. 9A

918{3?4
[

910

vrrz,

916
V\

e r7

8914
~

/f912

BN

S

g
gz I

S,

e

7

it 0o

s s E 5550
Y
\\\\\\ S =

s

s
7

e

i
BRI s
e

XW\ 55

<

Pere
O N
e
e

R it parratiien

T

i

L g22

Time (s) (
920

lw]

sprjjduy

FIG. 8B

12/19



WO 2023/164415 PCT/US2023/062893

1000

Temp

STOF (us)

FiG. 10

13/19



WO 2023/164415 PCT/US2023/062893

14/19



WO 2023/164415 PCT/US2023/062893

Y FiG. 11C 1198

FiG. 11D

15/19



PCT/US2023/062893

WO 2023/164415

1200

1202

1204

0
I
&
o

A sirreeer e i \_::
oo st
o on,
o ot

e -

\\\\...
sy o™
1 e Y ndd f\\ Y
..o.: \ \\:.w K \ \b..w f,,, \ \:.w sw\
/ \:&».: 7 \\\:.. e,/ \\\:.o‘ Y d, 77
) \\... - \3::\\ \:x. b f 1,

S».. ) \ \::. s \:.. s\\ \ ",

\\\ 30 ‘..:\\:.. .e\\\\s L \.. ,
\?.‘ «...\\ o, I/ \\s «.s Y \\. :,

s

12

FIG

16/19



WO 2023/164415 PCT/US2023/062893

/1 300

1322

FIG. 13

17/19



WO 2023/164415 PCT/US2023/062893

/‘5460

Pulse ultrasonic signal into wavequide distributed temperature sensor
at to at ref temp To
1402

i

Receive reflected signals at times b, {2, ete. from node 1 and node 2
at reference temp To

Measure time of flight of reflected signals at
reference temp To
1408

i

Pulse ultrasonic signal into waveguide distributed temperature
sensor at to, T
1408

i

Receive reflected signals at times &y, tz, ete. from node 1 and node 2
at elevated temp T

Measure time of flight of reflected signals at T
1412

i

Compute elevated temperatures of distributed sensors
dTOF = (TOF2-TOF1)11 - (TOF2 - TOF 1o
1414

FiG. 14

18/19



WO 2023/164415 PCT/US2023/062893

1500

/

1505

1518 /
1510 (")

R — iJL
1514~ | { - 2 1508

FIG. 15

19/19



