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(57) ABSTRACT

A boiler for a solar receiver includes a first boiler panel having
a plurality of tubes fluidly connecting an inlet header of the
first boiler panel to an outlet header of the first boiler panel.
The first boiler panel tubes form a first solar receiver surface.
A second boiler panel has a plurality of tubes fluidly connect-
ing an inlet header of the second boiler panel to an outlet

header of the second boiler panel. The second boiler panel
tubes form a second solar receiver surface. The first and

second boiler panels are adjacent one another, a portion of the
first boiler panel and an end of the first solar receiver surface

overlapping an end of the second boiler panel to reduce solar
radiation passing between the first and second solar receiver
surfaces. A plurality of boiler panels may be arranged 1in
rectangular or cylindrical orientation about a boiler central
axis.

/\ 100

Exterior

\ Solar Energy

116 from Heliostats

191

112

104

\

Solar Energy
from Heliostats

\ Solar Energy

108 from Heliostats



US 2012/0266867 Al

Oct. 25, 2012 Sheet 1 of 14

Patent Application Publication

Tt
:

'\.

:..
"

T

ﬁl‘h‘l‘h ]
W
“
-
L+

" :
"
.\_ur- AL .“tu- e e

Lo s 7 ;
T L y
¥ o, :
- F ' ‘1 ‘“.-‘1!“ ‘-
" T s ‘-
e - 5 L
A 7 Z EE RO
- . F .
: : u,. ;
I‘ LI O O O U O I O O L O T I‘.
4. o e o O R 3
) P a o Fa, .
s 5 " ._‘n. 2 ‘e %
» : . : . y,
R e A R e e e e R P P R R EE L E EEEEEEEPE L EL P LEEELELELEEEIEEELERELELEEEEE L EEE LIS ny | % I e e o o e o e T e e
. o, e 1.\. \..L.\ . ”
e A R R A A A Ay A e ._..“__ ..._.ﬂ__“ . et A e R u.I”I.“I.”I“-.“l.ulnl.”I“l.ul.”l.“-.“14.!”1.”1“1.”!”-”-..“nul.”n“l“lulnlu.lululnl”lululnl”lul..!.”l..lu“ﬂ
] “ '’ : +
-“‘ j*“+ ' _. “. “ h-.-
e, _.nﬁ. o

"y
.;.-* |
L

“§
| ]
-I"Ir:. n
=
. 1 .‘:.‘.;
__."
-
e e e e e

v
‘.
Z
-
u.u
l..
y - . s o
" 3 Y
L] n H.—. -
P K i -
m..,.:m < ko % %...Hm
o A e A L._.-.‘ n' r #
» o i, 'l -
iz 4 [ i 7
ﬁ lt [} “... - 1.1-..- ] ...‘ o
I 4 Aol ae, Iy oo
25 “ \..t.. N m\.n.. L@
. ] Py M b ! -
LA A S B e e Ao F
g A Sechh oo - g
. t ..-I “.l lI
g A .
4 oo g
- + W r ..-I LI H
..l. LI L]
" .

FI1G. 1
PRIOR ART



Patent Application Publication  Oct. 25,2012 Sheet 2 of 14 US 2012/0266867 Al

114 ‘/\ 100

Interior Exterior

\ Solar Energy

118 116 from Heliostats

110

"
.0
n :
L] r
r

r-

L ]
k.

L] r
r

F-

L 3
.

-

L
r

F-

" F_
-

« L
o
"
-
[
L] r
L F
]

P-

' _m )
¥ L} =
. .
Ry
W, 3

o ':t;ﬁ:.ﬂ

\

Solar Energy
from Heliostats

s v -
F o Tl
M -
. AT by -
L R -
L L] ‘I-
« . 3 L] r -
1 91 - i g 1 22
. . .
X o
- b N -
. I T

112

191

104

—~ Solar Energy
108 from Heliostats

FIG. 2



Patent Application Publication  Oct. 25,2012 Sheet 3 of 14 US 2012/0266867 Al

o0 O O ~
I 110
00 0O < 112

104 LR T

-0 O O
| = I
113

FIG. 3



Patent Application Publication  Oct. 25,2012 Sheet 4 of 14 US 2012/0266867 Al

10

00
™

116~

140~

FIG. 4



Patent Application Publication  Oct. 25,2012 Sheet 5 of 14 US 2012/0266867 Al

150
o '

102 102

140

FIG. 5



Patent Application Publication

Oct. 25, 2012 Sheet 6 of 14 US 2012/0266867 Al

150

—

110

114

o o0 olo o o 0o © olo o o
o 0 olo o o O ©0© olo o o 112
104 o o olo o o o © olo o o
102 102
113 o 0 olo o o O o0 olo o o
o ©0 olo o o o ©o© olo o o 115
5 0 ©o|lo o o o ©o o]o o o - 117
140

FIG. 6



Patent Application Publication  Oct. 25,2012 Sheet 7 of 14 US 2012/0266867 Al

r/ 700

110

110

102

102

L
Ny |
-

140

140

FIG. 7

=N
——



Patent Application Publication  Oct. 25,2012 Sheet 8 of 14 US 2012/0266867 Al

FIG. 8



US 2012/0266867 Al

900

LT R

SRR BN, RN ELRN RERRE

=T, L RREY

JATLERT R R

5

L L

Ty ¥

Oct. 25, 2012 Sheet 9 of 14

L R

4 o .am

o e

LT LR ELRELY O RRE. LR ERRE OERNR. RERRW,

SUEUEL REEE, AR

L T

Exds 8 ErXadEpEnm

EREL, O LERY RN K

Patent Application Publication

— 950

- O\
—
o S

L w L L ]

n_
l._ Tl W P S, Tl i, T T LI T IR, Ay R, T, T I Tyl E PRI, T I, P S T T Byl LI N, N P, ST LI, P,

¥
.1.11. [}
.lu.i-..i-.ll..l...ll.i-..l..ll..i-.tl..l-..tu.i-..l-.ll..l-..ll.i...ll.i...l..ll..l-..tu.i-..i-.tl..l-..lu.i-..ll.i...l..ll..l...ll.i-..i-.tl..l-..tl..l-..lu.i-..‘-.ll..l...ll.i...l..ll..l-..tl..l-..tu.i-..l-.ll..l-..ll.i-..l..ll..l..ll..l-..tu.i-..i-.tl..l-..lu.i-..‘-.I...l..ll..l...ll.i-..i-\n‘\u‘-\u‘-‘\lﬁ\l‘.\.\lﬁ\u‘-\ﬂh\ﬂq\l‘u‘.\ﬂq\ﬂq

.t CECE )
LT e

-lu..‘u.il..l-..ll.i..\..ll..l...tu.i-..tu.i-..i-.tl..l-..lu.i-..‘-.il..l...ll.i..\l.i-..i-.tl..l-..tu.i-..‘-.il..l-..ll..l...il.i...l..ll..l-..tu.i-..i-.tl..l-.ll..l-..ll.i..\..ll..l...il.i-..i-‘\\lﬁ\ﬂh\lﬁ\l‘.\l‘-\-\ﬂq\ﬂ\-\ﬂq\ﬂ:\.\lﬁ:

! _
" AT R R R R O, N AR IR TR B F AR R R F AN P LR X, X e rare ny = e K F T SR A RS F_ RS R PSRN R UL TR EL R R R R F RS R B A R AR R R R e ra e ey
" L.ﬂ-1 *-.. g . .
: T e e
e - E
- » Fe xa
r ¥ A e R T R R I R I R S N oS S N SRS e N S
. .
. T s R F o N N R S W R R R S S S R S N NN S N e e
* r
r
* r
w
5 LA Y, . o
=]
T M S = SR L T e e
4
K
L I |
¥ r

_
e Ll e e ] ' -
_ :

S el 1..\.-..1\._.\ 1._ P
- o) . r A ) Sl 2 - . . ; 5
_n
mm_m ¥

il —a il —a il —a il il il il —a il -. - r
_“‘I“l‘l lll ‘l“l“l“.— 1‘!1 _l“lh‘l“l ol & l“l“l“l ol JF .‘l““‘l L‘h ‘I“““ !l !I“““. ._.‘lh 3“““?? ”
o b, :
. m_ :
: 1

. !
T T T T e e : %‘
\
-
-.l-” [l sl eI AEEE ARSE e AR R R o
I.II-II.II.-I; EEp EmEE .h“
I i i i & R e e '’ R AR i g ol g i T N P S R R R LI L o R R - R R R L L R R - - P B T i
l-.-.tli.‘ll.:..ll.ltll...llu... l". . s
. ﬂ o
L H "
| A br
i v
. .
C
1 ! r .
- 3 r b
’ .
[ | | ' ]
..... ] : T -
o |
1 -r Ll L
:
) [
. I [
. - - -
............................................................................................. . w& Lk
............................................................................................. = P L
r F
' 4 e r
1] - - - - - - - - - . - : y
™ E%E%ggi.gggi?.z -
n
o
P I o
[
” ﬁuﬂ N
ST b
[
.
-5k
C
Fr
:
[
o
.
- [
-
[

3
]
i 5

%)
v i
-
v
w o
* F
v .
5
» r
r
¥ r
1
[~
o L e M B o inin e eLohenY e e Cih e ehehre Ll atre e cht e ieene o eehehents o S
[
" N .
J.I—.-‘ln_.“l. . e e ome oata e et a . . P . e e ome oata P e w e omta P . .
r W TR R TR EWEETW W T EET T CETEEmITT WETE i T AETETETA~—wETEETE Ewxmoww cwm-—mwrw~wwrwwmwrs-~aswwmwaow - www ey i R Py m o wwm e e  moww T EmmTm T ETE rwm T W T m o —ww www o cmEm T rE T wE oy e wwm T rEEmE TS W W Em TN W TR W ww W E
“ rrrrrrrrrrrr T T T T N N T T eI rrrrTrrrrrrrrrrrrrerrer .L_L... e e e e T T T T T T eI T rrrrrrrrrrrrrrrrerreerer
- . T A e TR m e m e F N my R RN EE Y e TR T Emr T T eI tEEEEE T FEEmrF e mEEr vt p o rr =l __ L N R R R R R N T R Ny N R N N Ay R r Ry FF RN AR Ry T T
. L

. k "'-'l-':.'a'.:.:t*.:'

R R R, P FE R RN R R L TR R R R R EER B FEREE LN N R REEEL FE FREEEEEE CFd R

T ) .nl.nlh.._..

FIG. 9



US 2012/0266867 Al

Oct. 25, 2012 Sheet 10 of 14

Patent Application Publication

i _—
"

.ﬁ\k :

r s
llllllllllllllllllllllllllllllllllllllllllllllllllllll

= ra
Il
1
'

T~
m L T U N I N N A R B e R W o L
il il i i sl i il e e a a at a aa aal a al a a  d a  a  E tt B B o o ol ol ol ol ol sl sl sl s sl o sl ol ol ol ol ol o o ol o o i

. . ]
- e T L A L T T S T T T L S e ST T T T T L T W LS
A AR EEEREETE LTSS LS TSI FEFEFETFFFEEFEEFEEEFEESEDEDEELEEEETEFET ST A

o AR AR K ok FE L B N EE it FEERE N EEEC DA FEEER S EEE JFR AR A FEES AV EEEL ot FE

A T L T L S S e T T N L S T s S S L S E LS S e
ol il il il sl sl i il g e et e e ol ol

3

At

? Ak

L

g
&
S
L3
k .
e e
LT Ty Ty Ty Ty Sy T

[ ]
<
Ml W

AR B AAA F, oot B P o A FFER BT EEES R EEER S FEENE F AR AV RN . A

zi&

.

MR LY. WRRRNY

P ..
A
% REE
. '
. -y
; s
B “ ]
i/ ; k¥
e [ s .y
" . B B e o e e e e e e e e e e e e e e e = = = = = = : )
“\ _ll h.‘. h‘-‘.l rTr rrrrrrr T K rrrur§ ! - W o o o o u u s [~ @ .  m m F N N F F N N N N N N N N N N N N N N N N N N N N N N N N N N NN N N NN N N N NN N N N u W N N N N N N N N N N N N N N N N NN
1[. _.L.ﬁl-lm . L B _ WA M m mEy W | RN N A S SE A aE | AN A A N U Sy g oD LR R N |
1‘ _” ) |J_ Fl SEF EEASrSrararmE 4m aEaarasas ‘s pxraasass ra OrEaraass: ©rr IEaaaaEs am. saasmasl ra aAraaaas’ wma rararasas. ra waaaa
I, .
“m : m”“ e —— |
. i
L g ._._ ...M o A g !
TEE f BELIFR L 4 "
1.._ Looa A . " ) ] el !
m “..r.-_.. - -.f....__ "
Y D T P N I A O
7 "
z ; .
_-L_..._ - ! rah
) I- '
2 & -
h _“ . ) - . - . L e p g - e r o H- v ol .
A i T . T s
% “. P e e e e M e L M M M e M M M Ml e e i e ".. o
o] _“ . ..H..I. - .-}.}TT.LH“&HM.L{ . T AT, ..‘..:+-
: : ; ._ AFRAT R P e
_n - ' Iy " . -
““ “____ “ K g O A"
B 3 GsEime KT §
A ;4 . : Al
1_-. n F *‘..-. o ' ol " LW - .
o r me r vl
h _“ o ) [ o .l.l..q. _..._-_
“1. T “ __“ i Ty FEYy ]
_5\ [ n : r el
1\; _“ ..ui.“l.*”l“..I..*.*.*.l. ......... .*. ...................................... .{m C e e .ﬁ. . H“*.*. . .. .. .*.1 ................................................ i bt “-- K -
__-l” “. ol sl s el sl G Vgt i g "l e s ol ol o el il Myl e il tiilipyaliyulol it s lasaliglioll pll ylinl Sl ik il ol ' .I..E*iil.llitl gt pali” e il iyl il il it ol el il il iluiloti yillin yilimialipiiyalignlotl it it gl iepliptll yilipllplligill gl plinll oy “ R iy
" . p i P : ..w... e g Fal o edecs o0
: . e SR A PRI |
e ; vog ‘. »nd
he L b e R
e 8 wy . .
- 1._._.1.1.1.1.1.“;__..1. B S XX ) N K XXX = “__ “.._
& I P ] . S aa
2 % " e
| e il I
a - e — - B i L PP A A L — e e e e A A - PP AL L AL A L I T L L - - —— o o dm o m - . ‘ ‘
iﬁ m“ ’ BE B
: ‘R _“ h- 3 " Il.\. .1 v A u “-.\.‘.‘”-l—.‘”.l“.‘“ ..““.‘ |||||| . ” |‘. I‘l‘ |.|.1|I|1-I‘|ﬁ I.I .l.l ..l.l' I.II-.II .I.I.I.I .I.. .I.- .I.. .I.. ’I.I II.I .I.I .l.. .l.. .-I‘ .l‘ .l.l .I.. .l.- .-l‘ .l‘ -ll ..l‘ .'l‘. ..l. .l. .I. .II II‘- Il‘ ..I‘ -‘I‘. | u II‘.-. - I‘l‘l‘l‘. I. .I-LI‘l_ Al .‘I‘. I.l.—. I‘I.LI‘ raa nEa s .I I—.hlll.-lll ] I.ll.. .I.. .I.. .I. ..I.I. ll.l ‘I.. .I. III. -l. n I‘ .Il .l.l II.. -I‘ .l. .II .Il ‘l‘. .‘l‘ I.I. .l. .I. .l‘ .I‘ ..I‘- .‘I‘ .I. .I..‘I d .
“.L_._ ““ - ﬂ\.“\:.\\..l.. rr. H“\“\.“V.\. o . O O O O O e A e I I e e e e e - . o R e a i ) ot at a¥ o ST R o ¥ N F O R VT N P NN ¥ ¥ W VR N R Tt Tt T ST e o T T o o ¥ R S .L!-..q..q..ﬁ e .“.u.u._.n._.n._.n._.u._.uﬁ. I T o ¥ o 1.___.._q_ s e |m.1.ﬁ.ﬁ.ﬁ._ T R F F PP RV R P RN e aUERS O N o oV R T RN N Y VR ¥ ¥ . “.u. X \H1
__“___,_ m“ . ﬁ-H%.ﬁ%u.ﬂﬁu.“ﬂnnluhhr\ﬁr\Hl . : e e o s PP PP S S R iyt il ..__.._..._.___.ﬂ_..__.____u.__. A e .u.nm.n.._“_.n.h...nt..n...nq_mw...“..m._.-.,.m..nq-.;n.nﬂ...mﬂn.nﬂu.ntnﬂ;m.n.ﬂ.nt.ﬂnﬁ.nﬁﬁh B ol ot ahaa
. I erle e rrr e r PP 4 s s -~k rrrrrrrrrrrrrrrrrrrrrrrFrrrr o r e 11 s sttt e \ i . . e N, : -3
. L R e - - 4 I ] .
Z L s s e R o _ : 1 ST T
. “”
) r Wl [}
-.._-....l-_t _.. L3
1 .- T l.ﬁu ! “ V
.“_.nl_nn- " | ' [} "
oY — | o
m I e T K T R e L LT T T R S L L et CE, pog
- Aarata |, ' .-. - - .\- “.- ........................................................................... ” m“ I I .
e o ,w._-.%\-ﬂ o ol R W ot it el : ) o, NEEEEEE, B KA S A A SIS IR K AN K SASEEES A LRI ke FEEAEE, T-q-q-q-q-_“. e A = ru-thL. i e e e g
A " Py P ey : p . Jr r CF
m - oo .‘..uT..Ir.ir_l.._.fr__l_F e il i bl e e o et ol et e e il et e e e e, e v o el y v I S T S T T . .
! : ._ T g - e ..ﬁﬁ.u ] ..m. wq.“w. y
L i . P, -_u X ..
A : Ly g R A IR o
o G b Ty T pog ‘
& b e A . _____ i
v IR I ot e o o o g g Pt
e v
__"1_ 0 [ “__
£ W i _ “ “ :
“L “n ”- - _ k
_-1_ [ A : ¥ Fatatatat, Ss CalatatatatatT WA FatStaTEEaF, AT, aararatatatat N ﬂ
I, L-....I..l..IL% - %I “ 11111111111111111111111111111111111111 | -
“1_ “.l.l.1 = : : L% g :
: \UL..“ P il ettt et : . .
____h L TR v
I_-. _n . “ r 1 il l
__._____.u.._ ¥ m”“ o Lw.“
I’ . T - iy N
m“_ “ Mm ““ --“ - 1 . “._
] | . A [ | ; ¥ .
¥kt STy 1
a. | o 2 i I Cd A - P L I ) B
. h _..__ L .i.l.l.l.l.|.l.l.l.l.l.l.|.|.|.|.|.|.-.u.u.u.~.-.-.q.u.~.u.-.-.q.u.u.u.-.-.u.u.u.u.-.-.l.l.l.l.l.|.l.l.l.l.l.|.l.l.l.l.l.|.|.|.|.|.|.|.-.u.u.u.u.-.-.q.u.u.u.-.-.q.u.uu - b i .
1 . . r . » -
|I.‘ Iquu A|-.I1.III-.I1..-1.I a, “ -.“ KB FP CFEFEFFrpt+e, ’PEIFEEESF FF KFEFFEEFEFFS A FFEFEEEF. FF FKFEFKFEFF] 'F. "FA2rF B8, PS8 FEEFFEFEFEDR K2 :ni.mnhuﬁui -k .
“ o ! l .-\n.-.-.-._ b T A e e
d .-.-H...' L [ ]
.mul.._.-_.. “u e “”,wr_..._...._i..._r.{....{._...11{{:-111{{{:51.!!{}!3{1{1!{1}.11\! P R, o e i e w
: .._..1 ’ L g g g Ty R A N T T, S i . R Y g T g Ay
) . s r
: ...‘ . -__. . T
A "

e R A e A ! Sl

L kL

FIG. 10



US 2012/0266867 Al

Oct. 25, 2012 Sheet 11 of 14

Patent Application Publication

b
L]
L=

D" ot i

A
r

S g

ety
i.-,““

; %

r

]
1 F

w
:

M.
- ""III=

s, |

'H.
I REEEN
bl

T T

yﬁrtll e el nh nh el e k. k. . . sl g g g e A o o

" ) A o e Ar g

"y ' P i o A a a { ! .ﬁh .
K ._-.nl. - |1 r - .ll .- L‘ i1 "1 - '
. : - :

S LN

e A A el il i o S e A el e i L S o e e g S i e e s
A .l..l.......\t..l“ ..-11..._“.1-1"11\1...-1 F ol ottt e \1\%—1...-?“1.%1 ...1\#..!....!.._ ...-1..1&1 ...11.-11..-11 \h!\lql.\h-ﬂ#ﬂ-“ﬂi\ﬂﬁﬂ“ﬂ.l.\\tu‘.hﬂuﬂ#ﬂk A e _ - ” ” _ : _ .- - _ i _- ...-.u_...._ﬂ._&V\:HHHE;@““&Q‘I.\\Q‘I.\\Q‘ u..1...-.1...-ﬂ._"11.|11...1n._ 2

walala W Cdaa e e A T e A e e e A e Ay aale A a e da wlaT e e

=l e

2 b et

— i

e el

n
ey X
L R R o, v

'

Wl e e e L EEER L F YL EEF [ aale s dd” e Tdaaladd e e alele e e e Ca e e e e e e e e e e e ofal A )
v ..“.-. i d .

N N Y :

_ﬁ“'.....-. )

T ALAREY
o Bl el

e Twate . e e

L] e

=1

1|
L]
.'l."l'."."l':tj
L] ]
e

B

'y
“,.éi-:"'-.

.
:

. e el k. b an e e sie sk sk o e we - il = - .= = s e sle ah mh am e sl sl sk sk oo e F_ N W W N W P W W N Wy F ] RN ]

. . r L Y " I
e I e ey : . % - ) rrrarrrn, s doeTl e
r - r . T - Foa oo ‘u d a h g ..-l e = ' .

S

| ]
R

T T

e W
ok
o m on_k

Y
Lqﬁ

]
NEREEY
T
- gl
bttt
UL
Bt e by

i'h'hhl

FIG. 11



Patent Application Publication  Oct. 25, 2012 Sheet 12 of 14 US 2012/0266867 Al

1210 7 1218
1216 1o 1204
12006

~—— 1208
1202

FIG. 12
1310
13167 SN\ ——1318
7 1312

1306

1308
1304
1302 ()™

FIG. 13
1410 I
1416
1418
O 1412
7 O 1404
14067 |




Patent Application Publication  Oct. 25, 2012 Sheet 13 of 14 US 2012/0266867 Al

1916 7 D 1518
: 1512
1500 ~ ~__
1504
1508
1502
K FIG. 15
1610 7 ~__ 1012
1010 7 ~__
1618
1608
1606 |
1602 /\_:L O 1604
FIG. 16
1710 T
7 1718
YT 1712
w
1706 ~~_ | ~—— 1704
700 ~—— 1708
- FIG. 17



Patent Application Publication  Oct. 25, 2012 Sheet 14 of 14 US 2012/0266867 Al

1810
1816 L———— 1818
/—\
1812
: j O 1804
18006
1
1802 508
FIG. 18
1910
~———1918
1916
1912
1921 1922~ \
1920
1906 Thermal
expansion
1902
FIG. 19
2010 7|
2016 |
2012
2022 Q
2021
/—\' cl 2030 Therm_al
0 expansion
2020 7 O 2004
20060 7~ |
2002




US 2012/0266867 Al

SOLAR THERMAL RECEIVER

BACKGROUND

[0001] The present invention relates to solar power produc-
tion, and more particularly, to solar recerver panels for use in
solar boilers.

[0002] Solarpower generation has been considered a viable
source to help provide for energy needs in a time of increasing
consciousness of the environmental aspects of power produc-
tion. Solar energy production relies mainly on the ability to
collect and convert energy freely available from the sun and
can be produced with very little impact on the environment.
Solar power can be utilized without creating radioactive
waste as 1 nuclear power production, and without producing,
pollutant emissions including greenhouse gases as 1n fossil
tuel power production. Solar power production 1s 1ndepen-
dent of fluctuating fuel costs and does not consume non-
renewable resources.

[0003] Solar power generators generally employ fields of
controlled mirrors, called heliostats, to gather and concen-
trate sunlight on a recerver to provide a heat source for power
production. A solar receiver typically takes the form of a
panel of tubes conveying a working fluid therethrough. Pre-
vious solar generators have used working fluids such as mol-
ten salt because 1t has the ability to store energy, allowing
power generation when there 1s no solar radiation. The heated
working fluids are typically conveyed to a heat exchanger
where they release heat 1into a second working fluid such as
air, water, or steam. Power 1s generated by driving heated air
or steam through a turbine that drives an electrical generator.

[0004] More recently, it has been determined that solar
production can be increased and simplified by using water/
steam as the only working fluid 1n a receiver that 1s a boiler.
This can eliminate the need for a potentially ineflicient heat
exchanger between two different working fluids. This devel-
opment has lead to new challenges in handling the intense
solar heat without damage to the system. Typical boilers
include two or more sections at different temperatures and
pressures, such as a section of steam generator panels, a
section of superheater panels, and a section of reheater pan-
cls, for example. In a solar boiler, 1t 1s potentially advanta-
geous to have boiler sections close together within the
receiver where the focused solar radiation provides heat. One
such configuration, for example, can include one boiler sec-
tion on top of another boiler section. This exemplary configu-
ration may include a gap between such adjacent sections,
which accommodates headers and associated structures of the
boiler sections and can provide room for thermal expansion
and contraction of the boiler sections. The gap must be pro-
tected against the possibility of focused sunlight reaching
components internal to the receiver panels (also known as
leakage), where the intense radiation can be harmiul.

[0005] One approach to this problem has been to cover the
gaps between boiler sections with a thermal barrier or shield,
which blocks the sunlight from entering the gap. Such a
thermal barrier occupies surface area in the key recerving area
of the boiler and thus reduces the amount of useable solar
radiation from the heliostats that 1s actually recerved by the
boiler.

[0006] There has remained a need 1n the art for solar receiv-
ers that can improve the useable recerving area while protect-
ing internal spaces from leakage of solar radiation and allow-
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ing for thermal contraction and expansion. There also has
remained a need 1n the art for such solar receivers that are easy
to make and use.

SUMMARY

[0007] The present invention is directed to a new and useful
boiler for a solar receiver. The boiler may include a first boiler
panel having a plurality of tubes fluidly connecting an inlet
header of the first boiler panel to an outlet header of the first
boiler panel. The tubes of the first boiler panel form a first
solar recerver surface and a first internal surface opposite the
first solar receiver surface. The boiler may further include a
second boiler panel having a plurality of tubes fluidly con-
necting an inlet header of the second boiler panel to an outlet
header of the second boiler panel. The tubes of the second
boiler panel form a second solar recerver surface and a second
internal surface opposite the second solar receiver surface.
The first and second boiler panels can be arranged adjacent to
one another with a portion of the first boiler panel and an end
of the first solar receiver surface overlapping an end of the
second boiler panel to reduce solar radiation passing between
the first and second solar receiver surfaces.

[0008] Incertain exemplary embodiments, the first and sec-
ond boiler panels may be adjacent to one another with an end
of the first solar receiver surface overlapping an end of the
second boiler panel so as to cover at least one of the headers
behind the first solar receiver surface. It 1s also contemplated
that an end of the first solar recetver surface can overlap an
end of the second boiler panel so as to cover one of the headers
of each boiler panel behind the first solar recerver surtace.
[0009] Thefirstand second internal surfaces can be covered
with an insulation layer. A gap can be provided between the
end of the second boiler panel and the portion of the first
boiler panel overlapping the end of the second boiler panel to
accommodate relattve movement of the first and second
boiler panels due to thermal growth, and the gap can be
labyrinthine. The tubes of the first and second panels can be
configured and adapted to be fully drainable by way of at least
one header in each panel. It 1s also contemplated that the
portion of the first solar receiver panel overlapping the end of
the second boiler panel can include a 180° bend 1n the upper-
most or lowermost end of the plurality of tubes of the first
solar recerving panel. Additionally, the end of the first solar
receiver surface overlapping an end of the second boiler panel
may cover a header of the second solar receiver panel.
[0010] The invention may also include a boiler for a solar
receiver including steam generator, superheater, and reheater
panels, each having a plurality of tubes fluidly connecting a
respective inlet header and a respective outlet header. The
tubes of each panel can form a respective solar recetver sur-
face and opposing internal surface. The steam generator and
superheater panels may be located adjacent one another with
a portion of the steam generator panel and an end of the solar
receiver suriace thereof overlapping an end of the superheater
panel to reduce solar radiation passing between the solar
receiver surfaces of the steam generator and superheater pan-
¢ls. The steam generator and reheater panels may be located
adjacent one another with a portion of the reheater panel
including an end of the solar recerver surface thereof overlap-
ping an end of the steam generator panel to reduce solar
radiation passing between the solar receiver surfaces of the
steam generator and reheater panels. Alternatively, the steam
generator and superheater panels may be located adjacent one
another with a portion of the superheater panel including an
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end of the solar recerver surface thereof overlapping an end of
the steam generator panel to reduce solar radiation passing,
between the solar recerver surfaces of the steam generator and
superheater panels.

[0011] The boiler may include a plurality of the first and
second boiler panels arranged 1n cylindrical or rectangular
orientation about a central axis of the boiler. More specifi-
cally, the boiler may include a plurality of steam generator
panels, superheater panels, and reheater panels arranged in
cylindrical or rectangular orientation about a central axis of
the boiler.

[0012] The invention may include a solar radiation inter-
terence device for reducing an amount of solar radiation
passing between two adjacent solar recerver surfaces, that
includes: a first boiler panel having a plurality of tubes fluidly
connecting an inlet header of the first boiler panel to an outlet
header of the first boiler panel, the tubes of the first boiler
panel forming a first solar recerver surface and a first internal
surface opposite the first solar recerver surface; a second
boiler panel having a plurality of tubes fluidly connecting an
inlet header of the second boiler panel to an outlet header of
the second boiler panel, the tubes of the second boiler panel
forming a second solar recerver surface and a second internal
surface opposite the second solar recerver surtace, the first
and second boiler panels being adjacent one another; and an
interference portion including an overlap of the first boiler
panel and an end of the first solar recerver surface with respect
to an end of the second boiler panel to reduce solar radiation
passing between the first and second solar recerver surfaces.
[0013] Theseandother features ofthe systems and methods
ol the present invention will become more readily apparent to
those skilled 1n the art from the following detailed description
of the preferred embodiments taken in conjunction with the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 15 a side elevation view of a gap between
boiler sections 1n a typical solar boiler.

[0015] FIG. 2 1s a side elevation view of a portion of an
exemplary embodiment of a boiler constructed 1n accordance
with the present invention, showing the overlap region
between two receiver surfaces.

[0016] FIG. 3 1s an interior elevation view of a portion of the
boiler of FIG. 2, showing the headers and the interior surfaces
of the tubes 1n the boiler panels.

[0017] FIG. 4 1s a side elevation view of a portion of the
boiler of FIG. 2, showing the overlap regions between adja-
cent superheater, steam generator, and reheater panels.
[0018] FIG. 5 1s an exterior elevation view of an exemplary
boiler wall including repeated sections of adjacent super-
heater, steam generator, and reheater panels.

[0019] FIG. 61s an interior elevation view of the boiler wall
of FIG. 5, showing the headers and the iterior surfaces of the
tubes 1n the boiler panels.

[0020] FIG. 7 1s a perspective view of an exemplary
embodiment of a boiler constructed 1n accordance with the
present invention.

[0021] FIG. 8 1s a perspective view of another exemplary
embodiment of a boiler constructed 1n accordance with the
present invention.

[0022] FIG. 9 1s a side elevation view of an exemplary
embodiment of a boiler constructed 1n accordance with the
present 1nvention, showing a solar radiation interference
device.
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[0023] FIG. 10 1s a side elevation view of an exemplary
embodiment of a boiler constructed in accordance with the
present invention.

[0024] FIG. 11 1s a section view of an exemplary embodi-
ment of a boiler constructed in accordance with the present
ivention.

[0025] FIGS. 12-20 are side elevation views of portions of
exemplary embodiments of a boiler constructed 1n accor-
dance with the present invention.

DETAILED DESCRIPTION

[0026] Reference will now be made to the drawings
wherein like reference numerals identily similar structural
features or aspects of the subject invention. The systems of the
invention can be used to increase the eflective receiving area
while protecting internal spaces and components in boilers,
for example 1n solar power generation.

[0027] Solar boilers are typically set up 1n such a way that
there are at least two distinct tube sections: one 1s a steam
generator section contaiming boiling water and one or more 1s
a superheating section containing superheated steam. FIG. 1
shows an example of a solar boiler 10 having a steam genera-
tor section 14 and a superheater section 12. These sections
receive solar energy on their exterior surface during opera-
tion, as indicated by straight arrows in FIG. 1. It 1s required
that the tubing in these different sections of tubes be physi-
cally separated from one another, e.g., where the headers 16
and 18 of the respective sections 12 and 14 are located in FIG.
1. Some designs have had the ends of adjacent areas, includ-
ing adjacent headers, located close together. Such designs
typically leave a significant gap between the solar receiver
surtaces of sections 12 and 14 that would allow direct solar
radiation to leak between the two tube sections. Therefore,
this gap area must be protected with a thermal barrier, such as
barrier 20. As indicated in FIG. 1 by a bent arrow, barrier 20
protects the gap region by blocking the incident solar radia-
tion. This protection comes at a cost, namely the waste of
concentrated solar energy in the receiving area that1s incident
on barrier 20 istead of on respective receiver surfaces of
sections 12 and 14.

[0028] Turning to FIG. 2, there are shown features of a solar
boiler 100 constructed 1n accordance with the present inven-
tion. Boiler 100 for a solar receiver includes a first boiler
panel 102 having a plurality of tubes fluidly connecting an
inlet header 113 of the first boiler panel (not shown in FIG. 2,
but see, FIG. 3) to an outlet header 104 of first boiler panel
102. The tubes of first boiler panel 102 form a first solar
receiver surface 106 and a first internal surface 108 opposite
first solar receiver surface 106. The exterior receiver surface
106 receives solar energy, for example from a field of
heliostats or mirrors, as indicated by arrows 1n FIG. 2.
[0029] A second boiler panel 110 similarly includes a plu-
rality of tubes fluidly connecting an inlet header 112 of sec-
ond boiler panel 110 to an outlet header 114 of second boiler
panel 110. The tubes of second boiler panel 110 form a second
solar recerver surface 116 and a second internal surface 118
opposite second solar recerver surface 116 (1.e. exterior and
interior surfaces, as indicated 1n FI1G. 2). Like recetver surface
106, exterior recerver surface 116 recerves solar energy, for
example from a field of heliostats, as indicated by arrows 1n

FIG. 2.

[0030] First and second boiler panels 102 and 110 are adja-
cent one another with an end portion 120 of first boiler panel
102 and the corresponding end portion of first solar receiver
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surface 106 overlapping an end 122 of second boiler panel
110 to reduce or prevent solar radiation passing in between
the first and second solar receiver surfaces 106 and 116 1nto
the interior space of boiler 100. Interior surfaces 108 and 118
have a layer of insulating material (not shown) to protect the
interior space of boiler 100 and components therein from the
high temperatures on the backside of the tubes.

[0031] FIG. 3 shows the same portion of boiler 100 as 1n
FIG. 2 but from the interior, to show the tubes and headers of
panels 102 and 110. While the example described above
includes shielding headers 112 and 104 shielded behind first
receiver surtface 106, those skilled in the art will readily
appreciate that each panel can cover 1ts own header, or any
other suitable overlap configuration can be used without
departing from the spirit and scope of the mvention.

[0032] In this exemplary configuration, the tubes, which
comprise the recerving surfaces 106 and 116, are overlapped
in such a way that there 1s no need for a barrier to cover a gap
between the recerving surfaces 106 and 116. This 1s accom-
plished by overlapping portions of the tubes of different
boiler sections as described above. An overlapping tube
design, 1n accordance with the present invention, may prevent
the need for wasteful insulation or shielding covering external
portions ol the receiver area of boiler 100. This also allows for
a higher amount of absorption of solar radiation, which can
increase the overall efficiency of the system.

[0033] Ascanbeseenin FIG. 2, the overlap region between
panels 102 and 110 may allow for thermal expansion and
contraction of the panels. There 1s a gap 121 between end
portion 120 of boiler panel 102 and end portion 122 of boiler
panel 110. As can be seen 1n FIG. 2, gap 121 is labyrinthine
and thus any leakage of solar radiation i1s absorbed by the
boiler tubes, e.g., 1n end portion 122, and i1s not allowed to
penetrate into the interior space of boiler 100. Since end 120
of first panel 102 and end 122 of second panel 110 are spaced
apart from one another, panels 102 and 110 can move relative
to one another during the thermal expansion and contraction
that results from the daily cycle of solar radiation incident on
the receiver area of boiler 100. Thus, while gap 121 accom-
modates thermal expansion and contraction, 1n terms of leak-

age ol solar radiation there 1s effectively no gap between
panels 102 and 110.

[0034] Ifboiler panels are exposed to ambient conditions, 1t
may be necessary to drain the water from the tubing after
sunset to prevent damage from freezing water 1n the tubes. In
tubes 102 and 110 this draining can be accomplished through
drains (not shown). The overlapping design of ends 120 and
122 may allow the tubes of panels 102 and 110 to be com-
pletely drainable, as there 1s a header at each low point for
cach panel 102 and 110. The 180° bend 1n end 120 of first
panel 102 does not trap water during draining, since water on
both sides of the bend can flow downward to a drain or header.
I1, for example, 11 there were a 180° bend at the very bottom
of a panel, 1t could trap water during draining and such a panel
may not be fully drainable.

[0035] An exemplary embodiment may include two or
three end tubes 191 on each end of headers 112 and 104. End
tubes 191 can be bent inward to shorten the overall length of
the respective headers 112 and 104. If 1t 1s desired to make end
tubes 191 fully drainable, this can be accomplished using any
suitable configuration for panel headers without departing
from the spirit and scope of the invention.

[0036] Withretference now to FIG. 4, panel 102 1s shown as,
for example, a steam generator panel, and panel 110 1s shown
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as, for example, a superheater panel. Exemplary boiler 100 1s
shown as also including reheater panel 140. Each reheater
panel 140 includes a plurality of tubes fluidly connecting an
inlet header 117 to an outlet header 115, much as described
above with respect to panels 102 and 110. Panel 140 overlaps
panel 102 1n the same manner as panel 102 overlaps panel 110
as described above. Boiler 100 can include multiple, parallel
panels of each of the previously described types. An alterna-
tive exemplary boiler can be configured such that superheater
and steam generator panels 110 and 102 are adjacent one
another with an end portion of superheater panel 110 and a
corresponding end portion of solar recerver surtace 116 over-
lapping an end of steam generator panel 102 to reduce or
prevent solar radiation passing in between solar receiver sur-
faces 116 and 106 into the iterior space of boiler 100.
[0037] As can be seen from FIG. 5, multiple sets of over-
lapped panels 102, 110, and 140 can be arranged side-by-side
in parallel orientation into a boiler wall 150. FIG. 6 shows the
same boiler wall 150 as 1n FIG. 5 but from the interior, to show
the tubes and headers of panels 102, 110 and 140. Multiple
boiler walls can be joined, for example to form a four-sided
boiler 700 as shown 1n FIG. 7, or other multi-sided boiler
capable of receiving concentrated solar energy {from
heliostats surrounding the base of the boiler. Additionally,
multiple boiler walls can be configured and joined to form a
cylindrical boiler 800, such as that shown 1n FIG. 8. While
several exemplary embodiments were described herein in the
context of a three-stage boiler, those skilled 1n the art will
readily appreciate that any suitable number of stages can be
used, and can be arranged 1n any suitable manner without
departing from the spirit and scope of the mnvention.

[0038] FIG. 9 shows a partial elevation view of a boiler 900
that may include a solar radiation interference device 950 for
reducing the amount of solar radiation passing between two
adjacent solar receiver surfaces. Solar radiation interference
device 950 includes a first boiler panel 902 and second boiler
panel 910, that are similar in configuration to those described
with respect to FIG. 2, and further includes an interference
portion including an overlap of first boiler panel 902 and an
end of the first solar recerver surface with respect to an end of
the second boiler panel 910 to reduce solar radiation passing
between the first and second solar receiver surfaces.

[0039] FIG. 10 shows a partial elevation view of a boiler 1n
accordance with an exemplary embodiment of the invention.

[0040] FIG. 11 shows a partial sectional view of a boiler 1n
accordance with an exemplary embodiment of the invention.

[0041] FIGS. 12-20 show side elevation views of portions
of exemplary embodiments of a boiler constructed in accor-
dance with the present invention.

[0042] Turning to FIG. 12 for example, there 1s shown a
portion of a boiler for a solar receiver that includes a first
boiler panel 1202 having a plurality of tubes tluidly connect-
ing an inlet header (not shown) of the first boiler panel to an
outlet header 1204 of first boiler panel 1202. The tubes of first
boiler panel 1202 form a first solar recerver surface 1206 and
a {irst internal surface 1208 opposite first solar recerver sur-
face 1206. The exterior receiver surface 1206 can receive
solar energy, for example from a field of heliostats or mirrors.

[0043] A second boiler panel 1210 similarly includes a
plurality of tubes tluidly connecting an 1nlet header 1212 of
second boiler panel 110 to an outlet header (not shown) of
second boiler panel 1210. The tubes of second boiler panel
1210 form a second solar recerver surtace 1216 and a second
internal surface 1218 opposite second solar recerver surface
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1216 (1.e. exterior and 1nterior surfaces, respectively). Like
receiver surface 1206, exterior recerver surface 1216 can
receive solar energy, for example from a field of heliostats or
MIrrors.

[0044] FIGS. 13-20 show alternative embodiments to that
shown 1 FIG. 12. Corresponding elements of different
embodiments have been numbered accordingly. These
embodiments may be used individually or in combination
with other embodiments of the present invention described
herein.

[0045] As can be seen for example 1n FIG. 19, the overlap
region between panels 1902 and 1910 may allow for thermal
expansion and contraction of the panels. There 1s a gap 1921
between an end portion 1920 of boiler panel 1902 and an end
portion 1922 of boiler panel 1910. Leakage of solar radiation
1s absorbed by the boiler tubes, e.g., inrespective end portions
of boiler panels 1902 and 1910, and 1s not allowed to pen-
etrate into the mterior space of boiler. Since end portion 1920
of first panel 1902 and end portion 1922 of second panel 1910
are spaced apart from one another, panels 1902 and 1910 can
move relative to one another during the thermal expansion
and contraction that results from the daily cycle of solar
radiation incident on the receiver area of boiler. Thus, while
gap 1921 accommodates thermal expansion and contraction,
in terms of leakage of solar radiation there 1s effectively no
gap between panels 1902 and 1910.

[0046] FIG. 20 shows an exemplary embodiment of a boiler
constructed 1n accordance with the present imvention, that
similar to that shown in FI1G. 19, but that additionally includes
a spacer 2030 for maintaiming a gap 2021 between an end
portion 2020 of boiler panel 2002 and an end portion 2022 of
boiler panel 2010.

[0047] The methods and systems of the present invention,
as described above and shown in the drawings provide for
increased elflective area for receiwving solar radiation 1n a
boiler, such as in a solar receiver. This configuration can
provide improved efficiency while also providing protection
of components and spaces internal to the receiver panels from
leakage of solar radiation from the heliostats, while allowing
for thermal expansion and contraction. This configuration
may also provide for drainability of the boiler sections.
[0048] While the apparatus and methods of the present
invention have been shown and described with reference to
preferred embodiments, those skilled 1n the art will readily
appreciate that changes and/or modifications may be made
thereto without departing from the spirit and scope of the
invention.

What 1s claimed 1s:
1. A boiler for a solar receiver comprising;:

a) a first boiler panel having a plurality of tubes fluidly
connecting an inlet header of the first boiler panel to an
outlet header of the first boiler panel, the tubes of the first

boiler panel forming a first solar recerver surface and a

first internal surface opposite the first solar receiver sur-

face; and

b) a second boiler panel having a plurality of tubes fluidly
connecting an inlet header of the second boiler panel to
an outlet header of the second boiler panel, the tubes of
the second boiler panel forming a second solar receiver
surface and a second internal surface opposite the sec-
ond solar receiver surface, wherein the first and second
boiler panels are adjacent one another with a portion of
the first boiler panel and an end of the first solar receiver
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surface overlapping an end of the second boiler panel to
reduce solar radiation passing between the first and sec-
ond solar receiver surfaces.

2. A boiler for a solar recetrver as recited in claim 1, wherein
the first and second boiler panels are adjacent to one another
with an end of the first solar recerver surface overlapping an
end of the second boiler panel so as to cover at least one of the
headers behind the first solar recetver surface.

3. A boiler for a solar recetver as recited in claim 1, wherein
the first and second boiler panels are adjacent to one another
with an end of the first solar recerver surface overlapping an
end of the second boiler panel so as to cover one of the headers
of each boiler panel behind the first solar receiver surface.

4. A boiler for a solar recetrver as recited in claim 1, wherein
the first and second internal surfaces are covered with an
insulation layer.

5. A boiler for a solar recetver as recited in claim 1, wherein
a gap 1s provided between the end of the second boiler panel
and the portion of the first boiler panel overlapping the end of
the second boiler panel to accommodate relative movement
of the first and second boiler panels due to thermal growth.

6. A boiler fora solar receiver as recited in claim 1, wherein
the tubes of the first and second panels are configured and
adapted to be fully drainable by way of at least one header 1n
cach panel.

7. A boiler for a solar recetver as recited in claim 1, wherein
the portion of the first solar recerver panel overlapping the end
of the second boiler panel includes a 180° bend 1n the upper-
most end of the plurality of tubes of the first solar recerving,
panel.

8. A boiler for a solar recetrver as recited in claim 7, wherein
the end of the first solar recerver surface overlapping an end of
the second boiler panel covers a header of the second solar
receiver panel.

9. A boiler for a solar receiver comprising:

a) a steam generator panel having a plurality of tubes
fluidly connecting an inlet header and an outlet header of
the steam generator panel, the tubes of the steam gen-
crator panel forming a solar receiver surface and
opposed internal surface;

b) a superheater panel having a plurality of tubes fluidly
connecting an inlet header and an outlet header of the
superheater panel, the tubes of the superheater panel
forming a solar receiver surface and opposed internal
surface, wherein the steam generator and superheater
panels are adjacent one another with a portion of the
steam generator panel including an end of the solar
receiver surface thereof overlapping an end of the super-
heater panel to reduce solar radiation passing between
the solar receiver surfaces of the steam generator and
superheater panels; and

¢) a reheater panel having a plurality of tubes fluidly con-
necting an inlet header and an outlet header of the
reheater panel, the tubes of the reheater panel forming a
solar receiver surface and opposed internal surface,
wherein the steam generator and reheater panels are
adjacent one another with a portion of the reheater panel
including an end of the solar receiver surface thereof
overlapping an end of the steam generator panel to
reduce solar radiation passing between the solar recerver
surfaces of the steam generator and reheater panels.

10. A boiler for a solar receiver as recited in claim 9,

wherein the steam generator and superheater panels are adja-
cent one another with an end of the solar receiver surface of
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the steam generator panel overlapping an end of the super-
heater panel so as to cover one header of each of the steam
generator and superheater panels behind the solar recerver
surface of the steam generator panel, and wherein the steam
generator and reheater panels are adjacent one another with
an end of the solar receiver surface of the reheater panel
overlapping an end of the steam generator panel so as to cover
one header of each of the steam generator and reheater panels
behind the solar recetver surface of the reheater panel.

11. A boiler for a solar recerver as recited in claim 9,
wherein the internal surfaces of the steam generator, super-
heater, and reheater panels are covered with an insulation
layer.

12. A boiler for a solar receiver as recited in claim 9,
wherein a first labyrinthine gap 1s provided between the end
ol the superheater panel and the portion of the steam genera-
tor panel overlapping the end of the superheater panel to
accommodate relative movement of the steam generator and
superheater panels due to thermal growth, and wherein a
second labyrinthine gap 1s provided between the end of the
steam generator panel and the portion of the reheater panel
overlapping the end of the steam generator panel to accom-
modate relative movement of the steam generator and
reheater panels due to thermal growth.

13. A boiler for a solar recetver as recited 1n claim 9,
wherein the tubes of the steam generator, superheater, and
reheater panels are configured and adapted to be fully drain-
able by way of at least one header 1n each panel.

14. A boiler for a solar recetver as recited in claim 9,
wherein the portion of the steam generator panel overlapping,
the end of the superheater panel includes a 180° bend 1n the
uppermost end of the plurality of tubes of the steam generator
panel, and wherein the portion of the reheater panel overlap-
ping the end of the steam generator panel includes a 180°
bend in the uppermost end of the plurality of tubes of the
reheater panel.

15. A boiler for a solar receiver as recited 1in claim 14,
wherein the end of the solar receiver surface of the steam
generator panel overlapping an end of the superheater panel
covers a header of the superheater panel, and wherein the end
of the solar receiver surface of the reheater panel overlapping

an end of the steam generator panel covers a header of the
steam generator panel.

16. A boiler for a solar recerver comprising:

a) a first boiler panel having a plurality of tubes fluidly
connecting an 1nlet header of the first boiler panel to an
outlet header of the first boiler panel, the tubes of the first

boiler panel forming a first solar receiver surface and a

first internal surface opposite the first solar recerver sur-

face; and

b) a second boiler panel having a plurality of tubes fluidly
connecting an inlet header of the second boiler panel to
an outlet header of the second boiler panel, the tubes of
the second boiler panel forming a second solar recerver
surface and a second internal surface opposite the sec-
ond solar receiver surface, wherein the first and second
boiler panels are adjacent one another with a portion of
the first boiler panel including an end of the first solar
receiver suriace overlapping an end of the second boiler
panel and covering one header of each of the first and
second boiler panels, and wherein a labyrinthine gap 1s
provided between the end of the first solar recerver sur-
face and the end of the second boiler panel to accommo-
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date relative movement of the first and second boiler
panels due to thermal growth.

17. A boiler for a solar receiver as recited 1in claim 16,
wherein the tubes of the first and second panels are configured
and adapted to be fully drainable by way of at least one header
in each panel.

18. A boiler for a solar receiver as recited 1in claim 16,
wherein the portion of the first solar receiver panel overlap-
ping the end of the second boiler panel includes a 180° bend
in the uppermost end of the plurality of tubes of the first solar
receiving panel.

19. A boiler for a solar receiver as recited 1n claim 16,
wherein the first and second internal surfaces are covered
with an 1nsulation layer.

20. A boiler for a solar receiver as recited 1in claim 1,
including a plurality of the first and second boiler panels
disposed 1n cylindrical orientation about a central axis of the
boiler.

21. A boiler for a solar receiver as recited 1in claim 1,
including a plurality of the first and second boiler panels
disposed 1n rectangular orientation about a central axis of the
boiler.

22. A boiler for a solar receiver as recited 1in claim 9,
including a plurality of steam generator panels, superheater
panels, and reheater panels disposed in cylindrical orientation
about a central axis of the boiler.

23. A boiler for a solar receiver as recited 1in claim 9,
including a plurality of steam generator panels, superheater
panels, and reheater panels disposed 1n rectangular orienta-
tion about a central axis of the boiler.

24. A boiler for a solar receiver comprising:

a) a steam generator panel having a plurality of tubes
fluidly connecting an inlet header and an outlet header of
the steam generator panel, the tubes of the steam gen-
crator panel forming a solar receiver surface and
opposed mternal surface;

b) a superheater panel having a plurality of tubes fluidly
connecting an inlet header and an outlet header of the
superheater panel, the tubes of the superheater panel
forming a solar receiver surface and opposed internal
surface, wherein the steam generator and superheater
panels are adjacent one another with a portion of the
superheater panel including an end of the solar receiver
surface thereot overlapping an end of the steam genera-
tor panel to reduce solar radiation passing between the
solar receiver surfaces of the steam generator and super-
heater panels; and

¢) a reheater panel having a plurality of tubes fluidly con-
necting an inlet header and an outlet header of the
reheater panel, the tubes of the reheater panel forming a
solar receiver surface and opposed internal surface,
wherein the steam generator and reheater panels are
adjacent one another with a portion of the reheater panel
including an end of the solar receiver surface thereof
overlapping an end of the steam generator panel to
reduce solar radiation passing between the solar receiver
surfaces of the steam generator and reheater panels.

25. A boiler for a solar recerver as recited in claim 24,
wherein the steam generator and superheater panels are adja-
cent one another with an end of the solar receiver surface of
the superheater panel overlapping an end of the steam gen-
erator panel so as to cover one header of each of the steam
generator and superheater panels behind the solar recerver
surface of the superheater panel, and wherein the steam gen-
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crator and reheater panels are adjacent one another with an
end of the solar receiver surface of the reheater panel over-
lapping an end of the steam generator panel so as to cover one
header of each of the steam generator and reheater panels
behind the solar receiver surface of the reheater panel.

26. A boiler for a solar receiver as recited 1in claim 24,
wherein the portion of the superheater panel overlapping the
end of the steam generator panel includes a 180 degree bend
in the uppermost end of the plurality of tubes of the super-
heater panel, and wherein the portion of the reheater panel
overlapping the end of the steam generator panel includes a
180° bend 1n the uppermost end of the plurality of tubes of the
reheater panel.

27. A boiler for a solar receiver as recited in claim 26,
wherein the end of the solar receiver surface of the super-
heater panel overlapping an end of the steam generator panel
covers a header of the steam generator panel, and wherein the
end of the solar receiver surface of the reheater panel over-
lapping an end of the steam generator panel covers aheader of
the steam generator panel.

28. A boiler for a solar receiver as recited in claim 24,
wherein a first labyrinthine gap 1s provided between the end
of the steam generator panel and the portion of the super-
heater panel overlapping the end of the steam generator panel
to accommodate relative movement of the steam generator
and superheater panels due to thermal growth, and wherein a
second labyrinthine gap 1s provided between the end of the
steam generator panel and the portion of the reheater panel
overlapping the end of the steam generator panel to accom-

Oct. 25, 2012

modate relative movement of the steam generator and
reheater panels due to thermal growth.

29. A boiler for a solar receiver as recited 1n claim 24,
wherein the portion of the superheater panel overlapping the
end of the steam generator panel includes a 180° bend 1n the
lowermost end of the plurality of tubes of the superheater

panel.

30. A solar radiation interference device for reducing an
amount of solar radiation passing between two adjacent solar
receiver surfaces, comprising;:

a {irst boiler panel having a plurality of tubes fluidly con-
necting an inlet header of the first boiler panel to an
outlet header of the first boiler panel, the tubes of the first

boiler panel forming a first solar receiver surface and a

first internal surface opposite the first solar receiver sur-

face:

a second boiler panel having a plurality of tubes fluidly
connecting an inlet header of the second boiler panel to
an outlet header of the second boiler panel, the tubes of
the second boiler panel forming a second solar receiver
surface and a second internal surface opposite the sec-
ond solar recetver surface, the first and second boiler
panels being adjacent one another; and

an 1nterference portion including an overlap of the first
boiler panel and an end of the first solar recerver surface
with respect to an end of the second boiler panel to
reduce solar radiation passing between the first and sec-
ond solar receiver surfaces.

e e S e e



	Front Page
	Drawings
	Specification
	Claims

