WO 2021/030728 PCT/US2020/046458

100~ E/L1 10 /"Lms
COLD ZON HOT ZONE
A A 165
4 Ve ™
, FUEL ,
FUEL N { DELIVERY ‘ 130
CONTROL
160
19 7 [
REFORMER
140f\ DC QUT Prreermsormesfrorfpooseeesnesn- 125
: : 115
; !
; 15 " 135
79 P N.Q 145
> 150
© 145
CONTROLLER fueeeiananiannn 120
157
! 180
: COMBUSTOR
1
E *
17
: RECUPERATOR
e Y
AIRIN § DELIVERY
CONTROL 185
176
195_\/ EXHAUST

FIGURE 1

1/21



WO 2021/030728 PCT/US2020/046458
2000 \ 2025 SUPPLY FUEL | 1._/—2060
b pN2020 030
2315 204 I
231 204 i 0035 2065 004
B025-FIG. 5B svens - ‘ 2305
232 ot
L H
5025-FIG. 5Baxs i 325
2170/216 2050 055 Fuel
--l'.\nn" .
BO70 - FIG, 5Ecaasnens=" - 15 input Manifold
202? ‘w:’\"w“«'a”«”W*{\'u"%}j‘#‘ 5 u"\;"«E;“J M e e e 2110
207 ! ‘I’
K |k
: : ; ’ 012
. : H Y 002
s
4 1 : 080/2085
s o
110
2008/2010/209 3 i 3
2018 H 4}
] - * ‘6‘
] I . “Rrnrnmnnn 5005-FIG. 5A
o
210 & ] & 105
. £ -
207 ‘ q i 1 R 2110
218 q | 1| .
212 3 | ‘ g P . B025-FIG. 5B
213 1! ;
218 ! ! 150
214 o P :Z | ./‘.i'.f‘." 155
, | H ~
217 . : Yool M. 27140/2175 - FIG. 5D
223 My
221 < | B \
221 i
, ¢ B )
222 ¢ B i . 2006
2748 4y | T FIG. 5C
)
2205,
FIGURE 2 o/ 165
2200 AIR |

2/21



WO 2021/030728 PCT/US2020/046458

2025 SUPPLY FUEL | L~/—2060‘
H
2315 2045
! 2035
2310 — 2325
2300 !
' . : 050
20 - x vzfgs
2027. . '
200 i‘f*ihf f N
| B L,._Mo
HNE S g
N | ; ]
i I
et | i
S 2115
2090 \ I
208, | g 015
2100 ] 1| B
SN 012
| o
2075/2180 : 5 .
\ g ! 3 2180
N T
213 |k . ‘
< B ‘
2140/2175 !__ * | * . o155
ey L N | ::: o
CHRRLELLORIN I . T —— :
b :
~ i
2002 {1 R
5 5 ; 165
200¢ LF ' B | 1 4_--_
1p | H »
ﬁ;; i s
B AR
214 'v:_ | 2 »
Ak L—ZO%FUEL
our

FIGURE 3
FUEL FLOW DIAGRAM

3/21



WO 2021/030728 PCT/US2020/046458

) ‘
| ‘ o [ ]
3 3 N
‘ % RN i % T .
] (]
2070 ) — T [
ty "
' 1 "
’ v i AR A '
HHIBIIRIHE
_ 13
' IS 'w '
’ v S , "
2080 5 (] 2090
) [ «,i - '
] K e, e, [ ]
. : q Y ' '
' s |1 « » . .
'  / ?vg\“\’ '
‘ . 5 # 240
2075/2180 5 g
=
2002
135
2740/2175
215
&'\\
-
2008

2200 AIR INPUT,
FIGURE 4

AIR FLOW DIAGRAM

4/21



WO 2021/030728

5020-Nickel

5015
Nickel ‘E

010-copper core

FIGURE 5A

045 (Monef)

.,_:., ,
W,
",
o
AR
o
i
[
",
'\.'\\.:::\
=N
x,\:
",

)
A
&
ity
&
gty
s,
&
»
i
’
S

180-copper mass

"
A
& ,\:: s

W
Pty
%
R @-t"‘
’
o
~

T
'
o

'

#
o
7

o
e

£

s

£

&

&

&,

o

¢
G
oA
o
"
&
P
&

7
.
i’
o
’
’
&
:f’
%
i
i’
‘.
‘
i’
.
’
g
e
&

050 (Hasteiloy)

",
N,
L,

k«r

S A
P A
o o o e

FIGURE 5C
Detall of wall
2075

521

PCT/US2020/046458

5015-Nicke

5025\

5030-Hastefloy.

/

.
™, "Z"‘ o,
",
\'\r\'"

\:\. a

o

RN
NN,

i
‘\'\
" '&\:
SN
o
‘\'\
=
",
LY
%\ N \

5010-copper core%%*

FIGURE 5B

5 AN
RN
e e e

1

175-copper
mass

S, T By B e
T, T, P i e T

iy,

- s R
- ///“_f,f/ ///‘?f’f
/f/f / Far g / EAe A A

FEEEE PEEE

085 (Monel)

FIGURE 5D
Detail of wall
2175



WO 2021/030728 PCT/US2020/046458

«gg,f«?«?«,«:;ijﬁ@«?««ﬁ\r‘so 75 (Nickel)

FIGURE 5E
Detail of wall
2170

6/21



PCT/US2020/046458

WO 2021/030728

FIGURE 6

7/21



WO 2021/030728 PCT/US2020/046458

8800-\

803 ?W!Mng ! T
§EIIIIIII‘I§ H 9080
) ¢ Fh L9050
B = x”f\~9055
i
" Lo
o]
o1 9059
" Lgg7o
- ‘ - Lgo2s
8055 Py
}
i 8005
i i
_—2100
80405~ 1hh L}
|y jlig
:_ y - M\)(“Q'!OS
— ~f 2110
Z
Q\/ * \/‘8015
802 oy

815
FIGURE 7A

8/21



WO 2021/030728

PCT/US2020/046458

O O :
¥ L Lotz ¥
et YAV ;
¢ [
¢ ‘-_}_“/

s

\

o~
!

L

-----

R
X
g:.

9060, - PEREIN l T =
if] :
,: 4 : -
8060—14; 1 / —]
e g
" | @E 8030 gl
¢ ' A 4
9015_\‘ 1’, A : 4 F & A
xT‘\“"‘ ? -t :—"J;T s T - >
; ? g P F :
& y ‘: &J < L —y
806541 | o ft—] 1 1« T
% "\\M f i { b 4 ik +—1
8040-5 N f %= a’n 7 1T¢’i= >
: e |/ ‘p 1 f B
:.»‘ N ;‘. g 3} e:
3 o + }!-lb’: -
: It ol 11 01 0
i MR ITAN
¢ -hag—] ] wiy L 5
s \ / ‘ng’la g’
e dTiE BLE
=Ty
L) I

FIGURE 7B

9/21



WO 2021/030728 PCT/US2020/046458

" Lgoa0
" Lgozo

010

FIGURE 8A

FIGURE 8B

10/21



WO 2021/030728

815

FIGURE 9A

823
{1 layer)

11/21

PCT/US2020/046458

FIGURE 9B

095



WO 2021/030728 PCT/US2020/046458

N /—8250

827

FIGURE 9C

12/21



PCT/US2020/046458

WO 2021/030728

-~ GO

- PO

- —a— £01

e AR AO X §

- —— 101

g0 3HNDIi4 VOl THNOI
0¥001 |
{n) aimesadwe | Yoe1g 3 11— 1 — T
008 05. 00L
| ! |
W W !
; f B 2 _
: W e
m ;
! ! o I Tt [
; ! |
: m _ : u
.m i ! ! _
ek [ e -
m
(oozzL

‘0028 “6'8) 9103 danonpUCd Afeuuew) UNM (0v00L) E2

2100 9AIONPUO AfjeLsey) INOYIM (5€001) I 001 €004

13/21



WO 2021/030728 PCT/US2020/046458

) 1004

Q@

3

@

Q@

jal

5 TCA

'—
——— e TC2
~~~~~~~ TC3
------------- TC4
———-TCH

Time {hour)
FIGURE 11A — SOFC stack {10005) temperature vs time when
operated in first test condition without a thermally conductive core

10055

3)

@&

5

g

g

£ TCA

@

[t il | 07
~~~~~~~ TC3
- - TC4
e TCH

0 i 1 i |
f] 0.5 1.0 1.5 2.0 2.5

Time {hour)

FIGURE 11B — SOFC stack (10005) temperature vs time when operated
in second test condition with thermally conductive core (8200)

14/21



WO 2021/030728

12000
N\

8035
905

8065
906

815
1204

901

12055

PCT/US2020/046458

12070~

800

9018

804

@ G SEE SN GEE
Sy . T . s

12055
E 1] 040 b ‘MNN“7~8140
:-""’"# ‘ A N
* S 8005
] gy il | o024
N i e ]
I Iﬂﬁm"1~ﬂ142
) T 1!
809 095
Za
010
1
Xa &y —pya
810 FIGURE 12

15/21



WO 2021/030728 PCT/US2020/046458

/‘9020

8005—~_ /

8015\/
015

8005~
807

FIGURE 13

16/21



WO 2021/030728 PCT/US2020/046458

FIGURE 13A

12267
12265

12217

12227
12260
12225 Ve ///,/k.
12215—"
’2230"‘““---N)
12220 |
12200————""""]

1 2250—/

12210

085

FIGURE 138

17/21



WO 2021/030728 PCT/US2020/046458

14000
N\

-

p Ty

FIGURE 14

18/21



WO 2021/030728

15000\«

©

S

/“%
-

o

4

o

PCT/US2020/046458

8035 ! 90507 90557
L8
il
e :
]
8085 l‘\\{ """""""""""" v - 1
' 065
905¢ "\ ‘ 1‘.
I 5-"3' '!'"": """"""""""" e - 5070
¢ e
" : (. g == 1 U
o I : ' *T~-s8045
i ! 8030 d 8030 e d
L ATAY AT« A A0 L
| (i L i L e
L LT
301 Il Rt e L: o IR g l’ o
!_,_,,..,_ —_:4" ' | Iel . :‘i' i:‘ :._2‘9020
8055~ | ANHEHNE LT 8055
ol e
| L gL LRl i
|
;'i h

8(}15J 21‘? 801

X8 6y - —pya

8100?( FIGURE 15

19/21

{—— -
8095 8095———/ 0010



PCT/US2020/046458

WO 2021/030728

- e
- £l
N ®
e L e
- Feea,

FIGURE 16A

16010

1600

1600

FIGURE 16B

20/21



WO 2021/030728

PCT/US2020/046458

904

21/21

FIGURE 17



