WO 2021/002803 PCT/5G2020/050373
1/12

measuring one or more parameters of a flow of the
liquid fuel

102

determining, based on the measured one or more
parameters, one or more properties of the liquid fuel

104

extracting a plurality of features from selected ones of
the one or more parameters and one or more
properties

106

applying a trained classification model on the extracted
features to determine a type and a quantity of at least
one contaminant in the liquid fuel

108

100

Figure 1(a)



WO 2021/002803 PCT/5G2020/050373
2/12

Input the estimated transfer

112

114
S SCEVE AN ATS T STGTAIS TroH T 100
differential pressure, temperature, /
. static pressure transducers, and |

116 ' mass flow meter via the Data |

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Perform analog to digital 118
conversions on the received |
signals

Window block of the time series
| signhals for analysis

124

eeeeeeeneeneeeeeemeeneeeeeeneenee N _ 142
i Cross-correlate the signals to 140

check for dependencies

- Indicate |
- Alarm

Ny
N

. Extract features on the time
/\/ series signal

% > set

Detect anomalies in the time

series signals against thresholds
130 e —————————————— S — |

Classify the detected anomaly as
a fuel contaminant in the :
139 Classification engine

i Generate consolidated log of |
entire operation

136 ..................................................................................

Figure 1(b)



PCT/5G2020/050373

WO 2021/002803

3/ 12

LY, WY WY LW, AW WY LW

Y LW

L, W.W

B T L

Sllfa A A

S|INPOIN
UONEJISSE|D)

N Jd W N N O Wd " e raE

iGd Ml N Jrd WG NG e ad

0cc

| JUBLIWEIUOD

Wrd Ml N

4 M-

0Lz clc

(10SS920.d)

uoNISINboy

aulbu3 e1eq

uoine|noen

1TLLTLLTLLLLLR

L
v
v
L
v
v
L
v
v
L
v
v

L B b i i byl

19191\ (S10SUBS)

MO|d SSEe

- uoleuaWNSy|
m SS920.1d

’ '
’ v
’ v
’ v
’ v
’ v
’ v
’ '
/ ’
’

L
L

L

: m
[ r— 3

1.-1.-_1h_..h_q.-_1.-_...-_1.-1h_..h_.,.-1h_..h_.,.-_1.-1.-1.-1h_..h_.,.-1h_..h_.,\\\\\\\\\\\\\\m\\\\\\\\ ..”

Indno auij [an4

7 _____________________________________________________________________________ :
: ;

WS AR AT ASSS ARAN AR O ASSR ASSS BRSNS WA AAAR AASS BEAREE

(B)g 2inbi4
312 912 AN

(9)g ainbi4

.. g g g e gt g g gt g g g aE  a a  a

AIMS NOILO313Aa | *indui auy jon

: HHHHM\HHHHHHHHHHHHL_-.HHHHHHHHB.-

ot a

¢c0¢

o|NpPO o WoISAS m =
INPON "m 9|NPOIA i, uonRIUBWNISU| |
UONoBAIXT m Zr UOINISINDOY o =
. Obuissadoid-aid § ¢ [ umapls |
2Inea Bl +e( “_
9/eM}J0S a/empleH

00¢

00¢



PCT/5G2020/050373

WO 2021/002803

4/12

302

)

d

(

Figure 3

302

304

Z
7
i
"
%
%
_-.._-.w
z
o
%
.
Z
o
7
)
A
"

2 xxxxxxxxxxxxxxxxxxxxxxxxxﬁ\

Figure 3(b)



WO 2021/002803 PCT/5G2020/050373
5/12

1000

380

9640

840

920

Mixture Density (kg/m3)

00}

33{}0 0.4 0.4 0.6 0.8 ]

Ot Hold Up

Figure 4

=
I ‘} g Ny N N N S N N N N N N N N N B N N N N . N N T 44444444444444444444444444 1 44444444444444444444444444 Tnnn44444444444444444444444: 444444444444444444444444444
r & H
i
= ; - ."- rl
NI vel-0.6 m/s
IMIXTUre ve ; F o
L J
i .1
$ mixture VEI“O RIS
- - . r . [ T,

o e NG

e P-geexture vel-1 myfs \
. h

A

-S-mixtore vel-1.2m/s
-v-mature vel-1.5mds

“f-mxture vel-1, 7m/s P i)
~-maxture vel-2m/s ] 1a

{} (3.2 0.4 (3.6 0.8 i
Ot Hold Up

Figure 5



PCT/5G2020/050373

WO 2021/002803

0/12

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e T T T T T T T T T T T T N

IE 4]

k
iy

<3
Calje
o~

T

ot

o
r..m
=

VR0 el

i
PR

™~
f !

2
i
s

b ai e ke b b b b b s Sk S S i i e ah e e b e e i i e i i b mben b b men abe n me mhn en a n en mien men m min min mb mn mben m mhn b b men i e e b e i b e i b b i i i mken b men e e mhe e e i i e i i e b e e mien e i men i  an b e e i e i e e

L -

1,
e d
i r
7y il
== ¢
<o e

3L.375

1

¥
]
n

1.5

F X

Ao

o
1
-

33

0.1a0

G5

Volume Traction o

3.050

{3.0325%

-
B
4

Figure ©



WO 2021/002803 PCT/5G2020/050373

7/12
(a)
130
.
<)
e
= 125
120
0 20 40 60 a0 100 120
0.040 1
_.0.030
7
B et N
? ?"fo‘\"“‘\..—» - rd m‘“‘w%ﬂwwm
~0.020 N
(b}
0.010 temmpmmmmmees AU e e —— P
G 20 49 o0 80 100 120
992 |
LAY sﬁv’f Y A
ho fY N i
-~ ¢ w‘aﬂ‘gﬂj
ro o F
£ 991 N
g y
& |
Z 990 j
E 3 ML sﬁl_ fﬂ&‘-“?ﬁﬁﬁ?ﬁﬁ ;
= YN &
uf&ghnﬁ- f]f Lﬁ Y ﬁm‘“ (¢)
989 S _ .
O 20 40 60 80 100 120



WO 2021/002803 PCT/5G2020/050373

8/12
550 1
g 500
-
Q .
450 _
- (a)
20 40 60 30 100 120
0.050
0.045
a (3.0404 | .. o
3 Fw\\_\/ %ﬁwwwww
l} " f,\f'( ;
0.035 ! '
()
0.030 1
0 20 40 60 80 100 120
;fﬁwnﬁ o
- 860 ;f\h | ; i\m\ AP ﬁ\f\fﬁﬁ.mmm&ﬁmw&&vmmﬂp PN
m - ; 1{ : v_fﬂ:
£ SR
< g55 AN
3 | _
z v
= ;
= @ *
E !
= 8501 j )
e .
20 40 60 80 100 120

Time (s)

Figure 8



WO 2021/002803 PCT/5G2020/050373
9/12

500 foJ

DP (Pa)
e
D
o

300

()

0,010 . _ !
20 40 60 80 1G0 120

& : ' o P fio, & *q.,_;‘i{ .‘L“ﬁ. | Eﬁ'
;' %”"';m%‘“ﬂf\%ﬁ v‘F%'L‘{%.-'M WM 1"". ;;; \éﬂﬁw a ‘\*: -::*"1'l“'r""@a-";i 'H*U# ?’.\T.-‘L‘t_in.""} R i‘o‘
h ¥ 3

*x,

W, .
Y b

Q0
s
W
'*"i__‘
{
§

o0
4
o

Density (kg/m>)

Figure 9



WO 2021/002803 PCT/5G2020/050373
10/12

600 M

575 ;

DP {(Pa)

525
500 1 - - _ __ |
0 20 40 60 80 100 120

0.060 1

_0.050

{Pa.s)

H

= 0.040

0.030 ke — S — S

QQ
O
L

s,

Density (KQ/m>)
o
-
o
f:ﬁ—-a""'

o0
h
el
o :f#iw .
-‘.H-—-—:;m‘ |
ey

0
I3
-

Figure 10



WO 2021/002803 PCT/5G2020/050373

11/12
/
300 f/ \H )
{ |
700 .
5 [
- o /‘x_ﬁﬁ._,ﬁ\_,___, SN /_\_J \
500 ‘\‘
A00 \ T
0 20 40 60 80 100 120
850
¢ Mo rh!* N N/ H ' | 1-;%' WA f
_— 8 A 9 . .3: ! ?‘1\ {{\-F_ihp\ﬁ\;r ?'L\JJW i " 1‘."‘%‘?‘ c”"m ) ‘_*11 . \'.-r' lL;.:r 11_',,# -'f}-:ﬁ,-."h (& \‘f} \;"n RS JL,.U:l 8 A aﬂv ,
hé- EL | J b \‘H fj ﬁ:.‘t:-* F&"‘Jﬁ‘# L"F# 1"; IF"‘@J 'I}‘j';!‘, "' .:"} fg'-
% S48 -
>
= 847
(=
=
Q46 -
{11
845 - .
0 20 40 &0 80 100 120

Thme (8)

Figure 11



PCT/5G2020/050373

WO 2021/002803

12/ 12

97ZT Yyied uollediunwwo)

Vil S ellalul
Uone2iunilo’)

e 2ell3alul
olpny

YECT (S)1oeads

ARIE

30C1

vOCl
AJowaw ulep]

1055300.]d

901 <24inlondiseljul uollediunwiuo)

O] S klIdlU]

7 TCT 9AlIP 958101S 9|eAOWDY

0T 9doejJa1ul
Ae|dsiq

ZTTT AP SIP pJeH

0€CT Aejdsig 0TZT Adowaw Alepuodas

00Z1

ZZZT 1un 33eJ01s
3| eAO WY

QTZT 1lun 23deJols
3|qeAoway




