WO 2021/163568 PCT/US2021/017965
1/34

100

\ 104 106
iﬁms&ase:‘s Sunlight splar Absorber/

Se%&w E;tter 110

! Pm{im:ts Fermeab Reactors/ 112
membrane Photo-Catalyzers
114

Fig. 1

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965
2/34

206

214

FIG. 2A

220
208
222
212
224
216
226
204

\
210 <

200
111
218 <
203

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965
3/34

240

124 S = 475 Wym?
; E 400 = 5 mc
. 16\ E 4 = 6.5 mifmin
E el T 3004
i W
<0 2 200
% g
i 044 g
: 106+
024 &
§ .

[EEsR S o R — i -
‘ 1 10 100
Distiliate flow (mi/min) Distillate fiow (mlLimin)
Fig. 2C Fig. 2D

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965
4/34

+
8
¥Z o=
¥ o
fai
ESIR S o |
§§ .
ES O
[
2
E =
344
=
Q
e e e R
™8 haal B
o {Rep s iy
)
'e}
o
'
[
2
o]
O
N
=4 o
i “
[
=
= g\
e
2

255

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568

e —2
2 £
"3

o

oy
Lon ]
<

2.

Concentration (mg/L)

o e
=R
P oa

"

10°

—
Low]
il
:

Concentration {mg/L)

—
A

3

—
Lo
o

5/34

Seawaler

Fig. 2J

Fracking water

PCT/US2021/017965

s Before
25 Alter

VMG Standard

8
:
\
|

Fig. 2K

SUBSTITUTE SHEET (RULE 26)




PCT/US2021/017965

WO 2021/163568
6/34
2\ VAN
a
= )
- =4 ©
o
N ‘ m
"\ «N\
= YW <lz]g]s S ER R N N
“ S Y B N
4% «N\ «L
F;
0
2

FIG. 3A

SUBSTITUTE SHEET (RULE 26)

338
350




WO 2021/163568

F L frevig

7/34

11000

1800

400 ~
1200
i)
Fig. 3B
n=5
. 40+ A
.g _.r""/
30- &
£
St s
£ 20
104 ¥

0

200 400 600 800 1000
Intensity (W/m?)

Fig. 3C

PCT/US2021/017965

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965

8/34
i ~10-50cm
STREED
Multilayer Brine feed out
Module Purified water
Saline feed in
~0.5-2m
Fig. 3D

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965
9/34

/ \ Increasing Salinity

------- e — T———

k.
worovover

2
¥
d
-
4.
%

r.
Ld

ik Wb s e sl b . e Sl e 4 e e o e o

Y
Ll

364 Saline
Input Feed

.
T

Brine

&
h)

+
]
<
.—*-
A
e | }—4-|J s
¥

*
+
v
]
A 4
et
A
:
]
A 4

r
d

v
-¥
jun w3

%
4
i
4
%
4
<

¥
¥
¥
i
H i
gii1? .
Q § .« . * ¢ » x|
?’ ; » N ® N . » ens & o §
B . L4 r §
5 i1 .’J i
o] i ox e ]
8 | - ;
o fi i
bt t N L L 2 - v !
362 2 H p 3 & PR {
= ’ Ll %
b socrec 0t wd
Freshwater
output
364
Fig. 3E

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965
10/34

Fig. 3F

k \\\§ N4 ) U 54

%\Q\\Q\\\&& _— Wate:"? Sog

e S D N L.

o \X@ o &eﬂo;’;”;;;m

%\ O g
G N

G
w ;;:{ ey

Yy A, 3,
i &;" <. & fs ¥ &3 &
or V"e(ff;c%?y A e
. [ “
!?J@ngb ¥
"

. Oftsgy
N fe
§ \\\ \N Opzg
\ \ o
. Q”Sf"/(?{fo,}

A

Appyeas
i-;-(

§ o
Qi
Yang

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568

PCT/US2021/017965
11/34
9 8
I = 1000 Wim?
=
NE 6 -4
> ')
X O
x i
=
L.
3- 2

0 5 10 15 20 25 30
Number of underlying layers

Fig. 3G

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965
12/34
Fig. 4

Aant:onal losj_:ses: 40°CH w .

s Convection o mA“" =08
e me :

Radiation f;;ﬁ‘ mem

lnsuiated

\\i\\\\

lnsu!ated

406cm

\-' o
R

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965
13/34

Fig.5
Additional losses: 20 ‘Cat ‘
#~\: Convection AIr g9
AR Radiati = 5 W/MAK) A @
A7 Radiation A j,}‘f‘ x
_ Insulated 1.27 em

Ensulated

Air 5 mwn

20 °C» ¥
10 - 200 cm 10-200cm

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965
14/34

Fig.6
Additional losses:

=4 } Convection
# Radiation

IR Mirror »

B0 = 0.01 - 5 WIIPK)

ey RS \\\\ %&:@A rom
% \ \\\‘%\\ oot \\\ .
e . .

,,,,, Aerogel - 1w
HX NESMD 20°Cate
n X 80 cm 50 cm

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965
15/34

(N HX NESMD

¥ (cm)

Fig. 7

-

I B il
300 310 320 330 340
Temperature (K)

Fig. 8

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/017965

WO 2021/163568

16/34

{uay x
o5 0 5
Ly E— ™
pATRY N Qe
uopeiodeas ¥08Y
[ 42!
e

{omrne 5°9) " << e o)) o
4-v6 814

: .
. ’ @\
A \»“v\\n\\\ :

1 {oenwese) - fawmr) %

fer

%
\\wﬁ\\\\\\\\\w\w\%m
. .

iy 5'9) *0 >» (w1} o

{tol x {wnt
Gt o s o 0 5 A
: 'z : Ze
Y fHy oo
LH O oo
, v il
W wogeiodens youg b W uoyeiedens ¥y -1 m.
3, 93 .
Z - Wz
e
s - m
i o W« w wﬁrm mw}
....... o m M O B
a1
a ; g
(wo)x (w0)
05 05 ov ¢ 0 08 8
G
\\ Soi \ 22

v

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568

PCT/US2021/017965
17/34
Fig. 10A-B
. 1.0
A s Convection B
A Radiation -
A Conduction . ig §_ 0.8
)
tnsulated ©
= 0.8
. 2
N
© 04
E
) ¢
insulated Z 0.2
HX NESMB 20 "C Air .00 , -
¥ ' 1 1 1
Ta00C g 0¢ D00

Feed = Distitate flow {mL/min)

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568

PCT/US2021/017965

18/34

Py
3%

Flux (kg/m™h)
o
o

o
o

o
w

=
=

100 1000
Feed = Distillate flow {mbL/min}

Fig. 10C

.o 1.8
£ « " » * b . A
5 80 * A

- -
& P 14
“g 401 A - {g
. 1.2 3
o A 3
ﬁé 20" A’I
" L1.0
O

0 by 1 T T

g 50 100 150 200

Module length {omy)

Fig. 10D

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/017965

WO 2021/163568

19/34

w
%
Z
Z
Z
2

NESMD

i

\\ ik 4

Fig. 10E

\\

.

35

. 10F

Fig

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965
20/34

480

450-
420
3904

360

Temperature (K)

330+

300+

10 100 1000
Feed = Distillate flow (mL/min}

Fig. 11

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965
21/34

©
b
pea4

800

o
o
S
3
{ T
o) g
S o

N
[¢3]
{uwy/ 1) Moyt syeinsic

400 4

Intensity {W/m®)

g
s ]
[ow]
t
7
(o]
<

Fig. 12

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568

Heat transfer coefficient (Wim*K)

SUBSTITUTE SHEET (RULE 26)

PCT/US2021/017965
22/34
A
4 2
th ={.0% Wim™K 1000 Wind
34 / mowid
P o J M
. /
N
%’n 24 . 500 Wim® .
X, / T
»
=2 g
L | swie R
S * ®
L 100 Wi
0 . W »
8 2 4 3] 8 10
Number of HX layers
Fig. 13A B 3 .
Py = B W./mj'i( N WO W'
*
- 2 780 Wi
< ‘Dﬂ M y
E
o
£ R L e .
¥ TH a -
=
u-‘ .
R R L s "
- M M 100 PO M
(} » " »
0 2 4 8 8 10
Number of NX layers
C .
Fig. 13B
« Dashed lines n= 1§
S \ Solid fives  n=10
o8 —— .| 000 Wi
2 1%
=
E 214
N,
)]
&
w 1.4
=
L}‘ uuuuuuuuuuu
0.7
8.0 ” N .
0 1 2 3 4 5 poq3c




SUBSTITUTE SHEET (RULE 26)

WO 2021/163568 PCT/US2021/017965
23/34
A 3
n=1 e S L ¥
e 8
» o
,// P
e S q
g hd 2§
,ﬁ ¢ A~ N
5 1 / 3
i / <
¥ / 0.8
e
8 ‘ ST
it 250 SG8G 750 1060
infensity {Wimg}
Fig. 14A :
& B 4 .
n=5 )
-Mml a" “25
*
= .
NE / o0
B 24
X "
5 v
T / / 1.8
P
»
e
8 Y y ; : 1.0
0 250 500 750 1000
Intensity (Wim™)
c Fig. 14B
40 30 - g
@
fys)
Q
32 i
Z 2 g
g% =
g g
1.8 a8
Eg 18 :
LL A~
0.8- g
| 3"
: qu\ P
8.0- S— . d €2
0 250 h00 750 1000 .
intensity (W/m®) Fig. 14C

Aousiniys



WO 2021/163568
24/34
=300 ‘ =101
= 97L .
& \ 1000 Wi
™y 24+ - - -
5 * 3 3 i .
L 2ir \'__ oW ]
© 18 ~ , N~
E 17 - i ) I .
% 1Bl s S0 Wi |
G
1
15 { X i ¢
.8 18 T » = -
& 250 Wim®
8 14+ .
-
| — '
= - » » .
B o4l / 100 Win®
Q 3
12 3 i 3 i

3

Fig. 15B

SUBSTITUTE SHEET (RULE 26)

2 4
Heat transfer coefficient (h,)

380
370
360
380
® 370

Luil
2 380
©

@ 370+

£ 360
2 350
£ 340
3

£330
x

2 30!
310+

305

PCT/US2021/017965

{

ey

Fig. 15A
T T ¥
n=10-
et *
1000 Wim®
- v v
. 7E Wi
L 3
i N 500 Wimt

b)

A

2
250 Wim

-

4

100 Wird*

- B 1

1

¥

0

2

Heat transfer coefficient (h

4

HX)



0]

WO 2021/163568

Fig. 16A-G
X

Z

|
e
S
]
<

25/34

PCT/US2021/017965

tF 3 1 1 %

t

—
i

Heat transfer (I/1 )

© 9 P ©

I

:71:1 -~ ™ ~i0cm |
= A \\ T, P
: 1.24 $ \\ \ s B T
qq_) \\ \\ w100 oM
[ O .9' s 208 om
< F !
T 06
-4
% 0.3

@

B2
i

SUBSTITUTE SHEET (RULE 26)




WO 2021/163568 PCT/US2021/017965
26/34

—
Y

o [£u]
¥ §

Heat transfer (1/1)
Lo

<
£

Fig. 17

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965

27/34
Al E— 0.21
il HX ]
----------- Limit wf HX ‘,/‘
s T s
N .
£ =
Kd @
22 - 0.15 1
X K 3
E ./
o <
’f~/ . -0.12
0 ..... f‘“(:“‘ _M“’ ,,,,,,, :u-vv!-; ............. - ( 0'09
250 500 750 1000
Intensity (W/m%)
Fig. 18A
' « 'ft'w.\'\,
.

114
it
&
10 /’
[ ]
f
99
F T Y ¥ u ¥ T
0 250 500 750 1000
Intensity (W/m®)
Fig. 18B

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965
28/34

1.5 10 om
- 1 20 cm
o 4.2 430 cm
? | —»— 100 cm
O
% 0.9+
c
&
= 0.6
©
T

0.3

D.O 1 ¥ MR}

0.01 0.1 1
Yo = Ve
Fig. 19

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965
29/34

s
—
<
3
Lo ]

ataad. PEEESIPETY

10 *

Heat transfer (i/1)

001 01 1 10 100

2000+

)

1500+

1000+

Heat transfer (I/

500-

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965

30/34

Cloudy Days
—

2.5

800 4 e intensity
¥
v —Flx
X Ed
S o ; & b
o~ vl ; 20
N e A
£600+ §§§ L i Rl
> PRI » E
2 i £
s his 5 I F1.5 R
N i i =
3 L] y ¥
:’?400_ g i é
B REREH R -
o RE R diga L1.0 3
3 I Tieern n ) Nx
-— vkt ";5! 0! -:_
o h y ¥
— M M) H N’
ay [}
200 - 's :
o ; 0.5
t
) : - 0.0

Time (Days)

Fig. 21A

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/017965

WO 2021/163568

31/34

Sunny Days

Flux (kg/m%h)
€3 >

o P
1 H

~0.5

800 -

Y 1
< [l
[ =

(Lu/AR) Alisuajul

200 +

Time (Days)

Fig. 21B

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568 PCT/US2021/017965
32/34

Fﬁug *{s HX thermal conductivity multiplication factor
1
0.9¢
0.8
0.7+
0.6
0.5¢
0.4r
0.3

s (44

PSS

Flux (kg/im?*h})

45 —{‘i PRI 13— LRI 33 m«:;_énin-' it __:\!“i“ PEREE :;
107 1077 10 107 107}

Fig. 22

SUBSTITUTE SHEET (RULE 26)



WO 2021/163568

Flux (L/m%h)

Fig. 23B

Fig. 23C

~16mm

Fig. 23D

~50 'nmr{ !

1~
0.9¢
Q.8¢
0.7+
0.6r
0.5¢
0.4y
0.3;7
0.2t

33/34

Flux (dashed), max. T (solid) vs. channel width

P,

Ve Experimental value

0.5

~{.5 mm[ N

width {mm)

SUBSTITUTE SHEET (RULE 26)

PCT/US2021/017965

360

1355
1350
1345
1340
1335
1330
132%
1320
1315
1310
1305

{9 BALIBOWS] WNLLIXEIN

{3} aummiadusy {31} eamyesaduwia)

{s}mamesadwiag

Fig. 23A



PCT/US2021/017965

WO 2021/163568

34/34

90r¢

YOve

ore

00¥¢

vZ DA

wa)sAs

7 pajdnod ay3 uo juapiul s1 3ybi| ou usaym uonelsado ue bulgeu]

/

Wa1sAs AlaAodal 1eay JIWeUAp sy pue WasAs
uo1Ie||SIP SuelIquisW Je|jos pajqeus-soiuocioydoueu ay3 JO WISAS
pa|dnod ayy Aq weans pas) ayl ojul ABisus 1eay e bulpAday

paydiew ale weans 1e||nsip B pue Wweas pas) e udym
- WISAS pa|dnod e se Wa1sAs AISA0DaU 1eay JIWRUAD B pue WwalsAs
uone|nsIp auelqwaw Jejos pajqeua-soiuojoydoueu e buluiquod

SUBSTITUTE SHEET (RULE 26)



