12 United States Patent

Heynen et al.

US010385780B2

US 10,385,780 B2
Aug. 20, 2019

(10) Patent No.:
45) Date of Patent:

(54) INTEGRATED DUAL FUEL DELIVERY
SYSTEM

(71) Applicant: ANSALDO ENERGIA
SWITZERLAND AG, Baden (CH)

(72) Inventors: Fridolin Heynen, Wirenlingen (CH);
Inaki Maiztegui, Baden (CH)

(73) Assignee: ANSALDO ENERGIA
SWITZERLAND AG, Baden (CH)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 134(b) by 360 days.

(21)  Appl. No.: 15/079,560

(22) Filed: Mar. 24, 2016
(65) Prior Publication Data
US 2016/0281606 Al Sep. 29, 2016
(30) Foreign Application Priority Data
Mar. 27, 2015 (EP) oo, 15161382
(51) Int. CL
Fo2C 7722 (2006.01)
F23R 3/28 (2006.01)
(Continued)
(52) U.S. CL
CPC ..., FO2C 7722 (2013.01); FO2C 7/222
(2013.01); FO2C 9/40 (2013.01); FO2M 43/00
(2013.01);
(Continued)
(58) Field of Classification Search
CPC ........ F23R 3/36; F23D 2204/10; FO2C 7/222;

FO2C 7/228; FO2C 9/40; FO2C 7/22;

FO2C 7/224; F02C 7/232; FO2C 7/236;
FO2C 7/2365; FO2M 43/00; FO2D 41/402;

F23N 2037/08; F23N 2035/18; F16L

39/00;
(Continued)
(56) References Cited
U.S. PATENT DOCUMENTS
4,201,046 A 5/1980 De Negris et al.
4,463,568 A * 8/1984 Willis .......c...o.... F23D 17/002
239/424

(Continued)

FOREIGN PATENT DOCUMENTS

CA 1 170 844 Al 7/1984
CN 1139735 A 1/1997
(Continued)

OTHER PUBLICATTONS

Search Report dated Oct. 9, 20135, by the European Patent Office for
Application No. 15161382.

(Continued)

Primary Examiner — Willilam H Rodriguez

(74) Attorney, Agent, or Firm — Buchanan Ingersoll &
Rooney PC

(57) ABSTRACT

The present invention relates to dual fuel delivery system for
a gas turbine. A dual fuel delivery system for a gas turbine
includes a main fuel line having a main fuel o1l conduit and
a main fuel gas conduit, wherein the main fuel gas conduit
encloses, at least partially, the main fuel o1l conduit; and a
first Tuel divider having a first fuel o1l divider connected to
the main fuel o1l conduit and a first fuel gas divider con-
nected to the main fuel gas conduit, wherein the first fuel gas
divider encloses, at least partially, the first tuel o1l divider.

16 Claims, 7 Drawing Sheets




US 10,385,780 B2
Page 2

(51) Int. CL
F23R 3/36
FO2M 43/00
F02C 9/40

(52) U.S. CL
CPC oo,

(2006.01
(2006.01
(2006.01

LN N

F23R 3/283 (2013.01); F23R 3/36
(2013.01); F23R 2900/00001 (2013.01)

(58) Field of Classification Search

CPC .........

USPC

F16L 39/005; F16L 41/00; F16L 41/02;

Fl16L 9/18; F16L 9/19; Fl1e6L 11/20

.................................................... 60/739, 742

See application file for complete search history.

(56)

4,467,610
4,763,481

4,833,878
5,133,192

5,301,578
5,408,830

5,680,766

5,765,366

P O S R e

%

S

S

3

3

3/1984
8/1988

5/1989

7/1992

11/1994
4/1995

10/1997

6/1998

References Cited

U.S. PATENT DOCUMENTS

Pearson et al.

Cannon ..........cccouu... E23D 11/12
60/737
Sood ..o, FO2C 9/40
60/39.463
Overton ................ F23D 11/005
431/210
Donlan

Lovett ..cc.oevvevennnn. F23D 17/002
239/422
Joshi ..oooooviiiiiiinn, F23C 7/004
239/405

Beeck et al.

5,778,676 A * 7/1998 Joshi ..............coe. F23D 11/101
239/405
9,163,841 B2 10/2015 Ramier et al.
2009/0277182 Al  11/2009 Engelbrecht et al.
2010/0050645 Al 3/2010 Haggerty

2010/0077760 Al* 4/2010 Laster ........ccccceeeens, F23C 7/004
60/742

2010/0242482 Al 9/2010 Kraemer et al.

2012/0055162 Al* 3/2012 Eroglu .................. F23D 17/002
60/740

2013/0074946 Al 3/2013 Ramuer et al.
2013/0291547 Al 11/2013 Ochiai

FOREIGN PATENT DOCUMENTS

CN 103930724 A 7/2014
EP 2 189 720 Al 5/2010
EP 2 236 935 A2 10/2010
GB 2462 915 A 3/2010

OTHER PUBLICATTIONS

Search Report dated Aug. 27, 2015, by the European Patent Oflice

for Application No. 15161427,

Oflice Action and Search Report dated Dec. 27, 2018, by the
Chinese Patent Office 1n corresponding Chinese Patent Application
No. 201610321294.7, and an English Translation of the Ofhce
Action. (9 pages).

Office Action (Communication) dated Oct. 25, 2018, by the Euro-
pean Patent Office in corresponding European Patent Application

No. 15161382.5. (5 pages).

* cited by examiner



U.S. Patent Aug. 20, 2019 Sheet 1 of 7 US 10,385,780 B2

-



U.S. Patent

PRIOR ART

PRIOR ART

Aug. 20, 2019

---------------------

R e R e R . e L R

Sheet 2 of 7

™ . :'1. ?\ X
SOENS 2 {3 S
L ; Y T T B
- e \ b g Y
uEia \ . 4\
- . _{* "

"

M Ty

p ﬁ
Pl

s,

&

=
oo

R
o .
U T
N oW N
Ly
I TS
oy > &
N o *

11’

J?:'
{3
onsh

> ,—;.-::::

.
a

§
iﬁmﬂiﬁ‘m.'ri.'.'.'.'.‘.‘.‘.‘:-:-:urirfffrfw— R e 2 N

11111111111111111111111111111111
11111111111

- 1 RS

4 ot %\} ﬁ S

- " LY '\.\"'. '
. . "ﬂ.-'* N
?: f.'.- ' ""-"'A s

b

Lo

[ ]
FFFFFFFFFF b n

eI

rEor

L L T B B 1 L] ] r
] rroror

--------------------------------- .

R G G G G B Yt .55 5, 4, L L L L N P o

SRR m% e RN RSN i
:‘;b:'}'-:‘-:::'?':':":f:f:ﬁrh‘Ff’- 7 r.=.umilihk&&”m;&:&}ﬁmh::if*.n-*-ﬁ-rhﬁﬂ%ﬁﬂ\%.\ """ . ‘?‘

111111
B
Tt amnrmr T ALYTTET " " mFPF T
'\l' I L T T T T TR T T} T rFr = oEoro
."h:' 111111111111 ) 1 L N R R R
27" 717" E 7T E T TTTrE"w-=s . a7 u"u = En
+~ = 471 s ® m = = m s mmwTIE1mE a4 2amosmmoaan

rrrrrrrr

o

RS P

- {:.:::::..-:'

" 'ﬁi:i:i:%
xuﬁh“ﬁhr‘?‘x\x“,-,Wﬁ*ﬁﬁﬁﬁﬂﬁi‘ﬁwﬂ* o NN N NN N o R
N SONHSEN St -
..................................................................... : o

1111111111111
--------------

I F kK T3 + F B F B For

111111111111111111111111

gy

’r"i-'i.:'n-*l-"ll:l"l‘

A

H“q!‘ L I |
R R il SRS T AR ERRER AN AN EUES S s
.'- . - . 11 . 101 n b r PR " " ror . r

o B TN N R e
1:‘:‘ 11111111111 = N 1" 1111111111111111111111111111111 T T "‘lll'.'
R N 1 A NSRRI 1 ¢ e AR i e 20 o5
R A R N R g AN
N N Tl N A AN R At NN

..........
= T S TR e e T TR T T TR e e "u._

1111111111111111111111111111111 r rf 2 F " " "W E 2 = = H
. e R N

----------
----------

s R : T X
g ‘-"EH‘:"H“C‘G\“-H B R R b T I i LR

-----------------------------

a d

T A,

Fig. 3

US 10,385,780 B2

O

QN

O



US 10,385,780 B2

Sheet 3 of 7

Aug. 20, 2019

U.S. Patent

T N N
- .. EC ol
[ . - * &
e e kb ok
LR .-..-_ ] .r.r.....-...._.....-........_
. - L
RSN ......Ht”.u .....H....”.r”...”.-n “ HH
' ' L
g PR
A AR AR A Ak gk e
AL M LM LI N M '
N N )
P N A N
R WA N T .
1.-_..1.-....1......1._1.....-..._1.-_.-...-..-..—_..................................... v
. . . -nl......”.._.....l.__......_..r....r.r_-._. el ' T, T P T T T
.....-.l..r.r....-.l.._.......-..-.._..l_.-.q. N T O T T T
.....l......_..-..-.l..-.l.._..-.ll....-..-_.-..__.........__.__.._.__.__.._.__.__.._.__.__.._.__.__.._.__.__.._.__.__.._......_.__.__.._......_...__.._.__.__.._.._.-. 4
..il i.-.}.I.il_l.l.;.l.il.l.ﬁn LI li..;mu__.ﬂ ol e Nl el e o el *
..-_I'l.l_.....-..-..-_.-...-.l.-_.........-_-..._.. lum.._1111111111111111111111111111111111-.{.—.
T
' LR e M 30N R T . . ol -
L N N )
LR St a0 ' i . o -
.. e R O R )
L R N R iy, - P 2
L N N R )
. R y
. o . . ol -
' P . ol il &
S el i
- " ' o . n -
RN ¥
. [ ) » *
- oo o Y
, ol . 2 o -
T
- . I‘i..—.. Lt .H. n -
. .. iy, ik -
- ' Lt .-_.H. i -
E, - o i
.. o . n -
. T N
. . . ol . ik -
' ' . oo . Y
. iy i -
- e e e T ' S .
R R R N N N R N N N N N AR R AR EER A RN R n A AR A R AR AR ", LT 'y L]
AL A A A A A A A A A A A A A A A A A A A A A A A A A A AL A A A A AR A A A A A A A AL A AL AAAA L -t . o “.n. ol
FEFEFEFFFEFEFEEFFFFEFEEREEFEEFEEFEFFFFFEREEFEEFEFFFFEFFRFEEFEEFEFFFEREFEEREREFEF FFEFFEFEFFEEFEEFFFFEFERFREFEEFFEFFERERFEF . .. i, . &
.. SRR P SRR . o o o o v "x.
T ' o ' o ' o o ' ' ' ST N
L T T ) T ' - " ' T Tt .H.
- e . T K e . . ' ' K ' K N .-_.H.
o s ' T ' s ' ' ' ' - ' ' Ve oe i
. . . . . . . . . . - . . . . . . . . - ' o . o ' o . o ' . ' o ' . . . . . . . i, .
' T T TR T T e T T L e T T T T T e e T T T T T T T T T T T T PR T T T o oo P T T T oo LT T T T PN ..
T P T T T T T T T T T T S T T T S T T T T T T T T T T T T T T T T S T T T T S S S T T I T T T T T T e T T T T T S T T T T T T T T T T T S T T T T T T T T S T S T T T T T T T T T T T T T T T T T S T S T T T S T T T T S S T T T T T T S T T T T S A S T T T T T, 1.-_.:_.
. ' o ' - . . . . . . . . . . . . . . . . - ' . . . ' . ' . ' . ' . ' . . . . . .. . iy -
v P T T T T T T T T T T T T T T T T T e T T T T T T S T T S S S T SR 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 S S S T T T T e i
P . " I a2 a my a4 a m a4 m 4 m m aa maam oy aq m AN ya . A a'q 2 m a4 m 4 m o m o m 4 m m a g m o m M m q a s m s 4 mm m N N m m m . mmmm aqm sy m q am a N o amm mm mm o m m o maa s m oy ama nnyya
' ” ” ....”. '. -l.:.ill.l“l.”l.”l“l.”l.”l.l.l.“l.Hl.“l.”l.“l.”l.“l.Hl.“l.”l.“l.Hl.“l.Hl.“l.”l.”l.”l.“l.”l.“l.”l.”l.”l.“l.”l.“l.”l.”l.”l.” - #”#“4”#“#H4l.l.”l.”l.”l.“l.Hl.“l.”l.”l.”l.“l.Hl.“l.”l.”l.”l.“l.Hl.“l.”l.“l.”l.“l.Hl.“l.”l.”l.”l.“l.Hl.“l.”l.”l.”l.“l.Hl.“l.”l.”l.”l.“l.Hl.“l.”l.”l.”l.“l.Hl.“l.”l.”l.”l.“l.Hl.“l.”l.”l.”l.“l.Hl.“l.”l.”l.”l.“l.Hl.“l.”l.”l.”l.“l.Hl.“l.”l.”l.”l.“l.Hl.“l.“l”l.”l”l.”l.“i”l.”#”#“l”#“#b. - ...”.. ",
. R R R T e R A R A R o A A  a E  E E E E E a N C C aE C EA U E  a « il ]
[ - . N e o R e e A - M N e o o o O T - X,
. I A o o A A A E R - Al N A Al R Al A Al N A R A Al N Al R O A al aE N aE A al aE E E NN Al Al E A -l
T e T e . e e 3 N R e e N A R N A R R N R e R R N R R R R R R A R R R R R R A A R R N A R R R R A A N R N R R N R R A N R A Ll e PR X
) \ T e Ty oty o, .
' & & & i x m 2 ® N m ® ®mo®E E EEEE®E =5 %2833 85ss8s8s8s8s88sssssswEsw s s ww s wEm s s s E s s m s mmEEsssmm s mEEE s EmEEEEEE == EEEEEEE == EEEEEEEEEEEEE s s EEEEEEE s s mEmwE s onowowow ok kK i,
............-tl##l#b.................................................................................................................................#i######i ot .H.
I .rl.-..-..-..-..-.l.-..-..._.. T T I Tttt . o o
Lt \ PO e \ -.-_.-..-.l..-..-.l.-... s \ -, .- . . -, Lt .- ot -, .- ot . \ .- .- \ SR \ e -, .- . . -, -t .- ot -, .- ot . -, .- .- . SR -, .l.....-..-_.-..-.l..-..-..-_.-..__. Lt ll!.
P T T T T . o i . T S T L T T T B T T T T T T T B e T e T e T T T T S L T T T T T T T e T T T T e T T T T T T T e N B . M 3 T iy,
o Pon &+ 1o T T T T T T T T T S T T S R T T S T [ T T T T T T T T e T oo T T T T T P T T T oo L T T T T T T T s o e
L e b nm L om . k& &k A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ol
T N N O T T T T T T T TR T T T T T T T T T N T T T T T T T S S TR TR TR T T T T T T T TR TR T T T T T T T T T T S T T T T T T T T T T T TR T T T T T T TR TR TR T T T T T T T T T T T T T T T T TR T T T T T T TR T S T T TR TR TR TR T T T T TR T TR TR T T T T T T T T BT . ]
a A o Bk . . . . . . . . . . . . . . . . . A ' . ' [ . A . [ . A ' . ' [ . . . . . . o .
P e R ek [T ST )
F . e o o B A . . . [ )
A ' -.rll..-.l..-.l.ll..-.l. ' ' ' ' . ll . ]
et ' e Y M ' . ' N RN
I T T O e . . . o
- ..-_.-..-..-..-..-..-_.-..-......... St St 1.-..#. .
...1.__..4....4.4._...4.4....._._ ;oo L A q.._”.g. L
- .._..-..-.l..-_.-.l....l e e v .._..-_l.-..-.l..-..-.l.-..._ Tt ) " IL
' e T . iy g
Mot Al PR R AL AL SN BERR N ) E)
.-...-..-..-..-..-..-.....l A RN ..__. ....‘l..-..-.l.._.._... N .H. lun.
Tt ! ' q..__ln_.q-.._._ln .4-“ * ' R, i
MRl MRS AR EE AL L LD N ) ux.
L ) [ I L ) PN E
L C N ] & . L N a0 o) . -l )
Lk N & . LaC MM N ) T ) ]
L3 N ] » - COC NN - “ -
' 1.-.7.-.1.-.1 i T > .-..._..-.........-..-_.........-_.-_... ” ST N “ lu_.
. L et T i
o R NN A A SRR N ) X,
' ' & I &k Ak PR |
oo on e kR L A 4
e e l.l'l.'l.b..:.l.i}.ll.' oo .HL lv_
1 [} PO T T | |, 4
' a -
v L
1.-_.3”HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

1L F 1 F I F 1 F ' =&

e ot e R e

T

L
B e A
)
L
LM )
L
LM )
N

s e
ERN N
ERNE N N )
ERENENE )
EROEN )
ER N NN )
h 8 & &K §
-,

.
L
»
»
»
»

5

R M M A e
o -.rll..-..-..-..-..-.l.-..__.q '
T e e e R e

X koK
el )
ERE)
ERN)
ER )
[ e

)
o
»
5
o
NN
L
X BN
[ e

N )

»
L)
>
|

L
L

*
.....-..1.-. *
- s - .
..r.-..-..-..-.l.._. .
e
! [y
s

*

'
L)
RN N NN M)

N
L
»

]
e M M N
P o
Pl
e
P e

L3
......-.r.-..-..-.l.l..._
.-.

.
L
»

-
)
L)

Ll
Fy

F ]
.

.
L
»

.
»

LM )

RO NN )

Bk al
N N )
....

.4.4

.

)

L)
MMM M)

Ll
._..“.4
.
Ll
'Y

)

- . W

]
L

i
»

»
B % B & b %N bR NN oK

)

)

*

L]
L}

™
Ut R N NN N N

&
e
-
o

" m e A A e A A e A A A A e

N N R |

R E R R EE N [y For
'

A
b A A
For ok E

1- .

.__.__.._.__.__.._.__.__.._.__.__.._.__.__.._.__.__l.._.__.__.._i.__h.

O MR A A MM R A A MM R A
L Ll

"+

'Y

1]

LI P |
SN A

i a
»
»
»
»

111111.111.111111. 11.
W
WA R R R R R
H.__.._._4.__..4.4.__.444444.-444.-444444444...444 ' ,
W
| T T T R R T R R T R R T T [ I

L
»

»
L)

IR A .
e W
e e
R a0 a0

a2l )
ol sl
ORIl
B il al
R
U el ol
Pl 2 )
Pl A
v .”..1.-..-..-..-..__
P e
)
el ol
)

L
»
L B ]

]

.
L)
L)

L

- . W

»
L
L
RN NN )

.I
*

L
»

B F b b b bk ko h R FFE

LN )
N )
»

»

& &
»
»
»

L
»

>
RN M)
L)
»

]

I

U
[}

L)

N L W W WO

YRR -
»
L

L
»
»

b
)
E N N )

M)
N )
L)

]

»
EMR M )
BN R R R R R R R R RN R R R RN RN RN R

=
[
- . W

)
ERENE NN )
M)

FY

N
L
ENN

N
& ¥
]
»

T
.....1.-..-..-..-..-..._
.....”.r.-..-..-..-..._
SR 0 AN
ORI S
IR L 3l
Al ol
R o

Pl 2 )
I Al Al
IR M
RERR N A A A
SN0 M A AL
ORI
L Al ol
Al o
RO
...k.a.q.__..a.q
1;..4.4....44

L
L

ERNE NN )

L
»

B % B K % % b b h b ok oh R R K Rk W KR KK

)

LK
LI ]

)
'll*-ll &

B b b bk kb bbbk R

- . ..- L} --.- --.- --.- --.- --.- --.- --.- . - . L}
O g N N AN W x




US 10,385,780 B2

Sheet 4 of 7

Aug. 20, 2019

U.S. Patent

; .
i i I i
o, .x...nxnnnxxﬂnjx.xﬂn Mo

]
R
)
Ly i) s
. ] L .
X A XN A ] -,
« gl L i X
e N E 1l kb h ko ok .._..n.._._..n
T HHHRHHHHHHHHHHHHHHHHHH PHFHFE b ..1.._..1.....1.__..1.__..1.__..1.._..1.__..1.__..1.._....._..1.__.._.._.._ .._.._.._ -.-.._ J
E....H.hx.HHHHﬂxxxﬂﬂﬂxﬂﬂﬂxﬂﬂﬂxﬂﬂﬂxﬂﬂﬂ H!H._..H.. ) -
RN R R XX XXX Ll '
MO M N N M e M N AN '
XXEXREXERXEREEXREXEZXER XX
i e e i e e e X L
XAXEXRXXEREXEXEREXERXERDR - 1
I k|
XX XX XX XEXERXEXXEXEXXX . X
L I L i
AXEXEXEXXEAXEEXEEREEXEEXEEXER N b XX
i i i e e i i
XXEXREXEREXEXEEXEEXEERER XX = EXXE
i xnxnxnnxxxnna.n.xixdun. ™, . l_...uv.un.
M M N M M N -] .x.._-_t.p.:._.. ] ]
o [ i " L,
-] X X M X " X x
MM KN 1 J il
x ; i o FERER
b ".____"a"a K ._.v...”l.
i "
R R E
o™ -
o -
] X xR
il .H"l"n"l"u."a"n"l"n"l"n"a"l“ -_..-_"H"u-_. * iy '
’ XERERERERRERRERIKERI: xR RN
R ERRRERX®FETRERR e N N '.-_..
g e e ....._..r....._............_. L e
T ...... T o .r.r.r..........r..........r..........r.............“t._.._‘
..I.._.r e e e
...._-__..rl.................... B R ; k .................r....__.t-
pigh i i o o iy
A TR ; S o,
e ;

o

; GMWW mﬂw‘w‘

a1 " -
N - R N o
e e N O

F ]
R, <R .........................r........”}.r._. -._.*U"“_”H-_;.__

i ...kk...kk...f#ik.__l__...
i

e o W N a
o o x o N aaa a a aay
e h,.._..,_..._.h1.._.u_..._.h,.....,_.....h..._.#.._.h1._,.u_.....h,.._..,_..._.u_..._..,_ﬂ._.ni_._..__ w
e el
EE e .
” Fn ATl .
oy WM e e e e A
wta ety h_..__...!.,_..._.u...._.h_.._,..,_.....u...._.#.._..,_..._.u_......,_..._..,_....u_.....,_..._..,_....u.....h_.._,..,_....u.....r....,_.....r...h..“__.
e e N e N N |
L L e W N N g g g
b &
...HJH*H...”&... T ot H._,. .._.H._,.HkH#H#H.qH#H#H.qH#H&HkH#H&"
L ) X d kK kK KKk x e
i iy i i T e ae a a  ay a
ek Ak o e
i i e i i o ]
' ) e
gt o e
X o aray e e ¥
r i A Rl

.. Mo , A

..mu_nll" )
o x * B
lllll N |
lllll
- EE K
l“l"ﬂ
llllﬂ
E KK
l“ﬂ"ﬂ H.
" E X 4
" EH” J I"I"u__ ”.-_
..a”__."a"a"__. "__."nu_m .___“ .rH.rH.rH.r“..r.r.-.r-_
L e T i.-..r...........r....r....r.....r....r..
L Illlllll llllu__ .-_.-_ .r.....r.....v.....r.....t.....v.._..r.r
e R R R R E N I odr o bk N
d lll!llll llllu_. .-_i .r....r....r.;..r.;..r....r.;..r”
: a"n"a"a" e ":"n” .___“ ...H.r”.r”.r”.r”.r”.r.r
R R R R K e g A A A A A
"a"l"a"a"l ; "__.".n H._._“ .rH.rH.rH.rH.rH.rH.rH
" G n__.nnm M A
e R RER "N ok U b b b A
lllllll ll 4 .-_.-_i_ Pl
"I"l"l" | 4 Yt .........r.....v.._..r._...t.....v.....r.__
R e
EERE e
Illllll ;
n__..anu.- ]
N

L A
b e b b Jr ok b drodr bk & b )
PN e a a2 a
b b b b b b b bk ) s
N N & .
T e

.__.__.__.__.__.rw

00P

Jp dp dp dr A i dr
iy

.”wt %

.....l-.‘.__

b




US 10,385,780 B2

. "_-“ﬂ"ﬂ"ﬂ"ﬂ"ﬂ"ﬂ"ﬂ"ﬂ"ﬂ"ﬂ"ﬂv
~RERERERERERERERERERTRE
EEEEEENERERERETRN
(R RERERERRERRSERTHN
EEFEEEEFEEEERELRN.}N
MR K RN EE
EEEEFEEERELR
ERXERERERERREIRNETHN
EEEERERERNEIRENR»
~ERERERRERRRERNREIRE.T
EEEEEELERETRN
L
EEFEEEEFEERNELRN
~RERERERERERERERRETNR
k EEERERERENFE
=, IIIIIIIIIIIIIIIIII

Y

o

ol

& b &k b h bk ok oh S
e O

b bk bk h ks J S
o b b b b bk J -
e ) e

Sheet 5 of 7

-

| I.I.l.l.l.l.l.l.l.l.l 4

L A
M

Y
-,

I.l-l.l-ll || l
PR e e e
l.l.l“l_.”.ﬁ.- o Py

L i |
i a ke x

b i i
i

. ¥
-
] "_Jr:#*#*lr*#’r#*#*

» ™
» e W
ok hohoa ; l__.l " o “ ..rH...H...H...H....._II-
x N N ]
EEr L
L] PN NN ]
4 E -, l_._......_1.._..._..._.._,.._..._...._
! EEREER w il i dr dr dr
. x.xxaxx.xnannnn”n”n”_ % n“n"l"nﬂ .___“l_._. ...H...H...H...H..
M R R K KR EEEE L) l_._. I
EERETR I ke dr
K E - arodr o
R, M l_............_..._..._......._..._....
e e e i
EERERE & 4 i ¥ o
i N
I

r

o
|
M

A

A,
|

w A a a w

i
i
i)
xxx:xxx
i
A
o
i
o
)
o
"

Aug. 20, 2019

X
XN
LA

)
R LR
o

i i

i |

Al
|
e
o o A M
"HHHHH"H"HHIIZ
|
ot
|
M
A
A
A
A A

i, i
M
A e e e e
M
)
]
A
A
_x:xx
LA
o
L
o

o

| "H"HHH"HH A
L/ Hﬂxﬂnﬂxﬂnﬂxﬂnﬂxl.
HHHHHHHHHHHHHHHH_

b

L]

MR N TN AN NN N N AR
MR N RN N RN X

o
X,
L i
X
)
L]

A A A AN AN M
|

Al_od M A
Al
Al ol A AN A

L
i

|
Al
b |

r

]
M
‘Iﬂ
A
¥
r
¥
r
[ ]
r
v
r
r
r
[ ]
r
v
[ ]
¥
r
[ ]
¥
v
r
r
r
r
¥
v
r
¥
r
[ ]
¥
v
r
¥
v
[ ]
r
r
v
r
r
¥
o
r
N

L]

b b b h s s h

F

B

E I, |
N
W
r
r

o e Jr b b kb h oA

|
LA A AN
L
LN

Frrrr

rF
rF

A i kb ko h
a b & h & & b & & & & b s s A S E NSNS N o
b b kb h S h bk S h dh rh ks d S

a & & & & & & & & & & & & & s s E s s E S RSN
4 bk bk b s s ok s o

Jr o bk s S h kA S
& b &k bk bk rd N

r
r

j o & b b b h S ooa Ak

r
r
r

N R R )
ol g s s L sk
LR T N N
N I )

A & & b & & &
dr b M b bk ok S oh

-
L
F F
rFF

Frrrr rrir

L

F

r

r
' r

r

r
F e rrrr

Frrrrbrrrir

P R e e e e
Y e x e xn )
a o
Y U
IO K R

L]
" R SNl I Ul U Uil U S

e
A A A odr o oy
* o d kodoxox

Jrode drodrodr .L.i
T N
NN,

U.S. Patent

2o o e A
Y !
A A K K A




US 10,385,780 B2

Sheet 6 of 7

Aug. 20, 2019

U.S. Patent

»

1

i
N -

H H.__.._..HHHHPH A

. HFFHHHHHHHHPH
XS XN

E
AAXEXXEX N
Hﬂﬂﬂﬂ?\.ﬂ.ﬂﬂﬂﬂﬂﬂﬂﬂﬂ?

HHHH‘

xnxnxnx“.

A

o

R R

AR A,

i

I I I -

AR

R,

2 AR R RN,

A I

i -

..n.v_n_.”au..___”nnau_nn.nxﬂxn.

aniaann A

r__.”.—_.. “n“n”u"n"n”n“n"nnunn"n”n”n”n”n”n”n”
..T..nnnnnnannannnn e

o
Tatata
o
s
ol
.

Pl -

LN, e,

Pl . X

e Ottt W A

1”.-.” H.-. b e o H.._.!_-.

N n“n“n“n“n“n“a“n“n“a“nxn“a“n

- A R

A e e e

A, O, I

o R R o

e

Py A A e

A R

* o A e e

E N
L E
EHHHHHHHHHHH

XX EREERERNRRENF/R:;
IIIIIIIIIIIIL

-

B - .a...q.n”..”.q”.._n#nﬂ*ﬂ 8
" ....4....4.._.......1..........._.........1...
o

e >
ot AL ._,..,_..qk...f....__—r

AN - N

TN Xt .r....-.v TR

X e Situl

LN . LN o

L, PR, ;

» H.._.H..qH....H....H..qH&H*H&H&H&H&H&H}.H&H}.ﬂr} Pl Ml ..Lnuxna

x ar Vi aae i T ae ar i T e Ay . TH A

b“&*##*#&**k*k&#*k* o x o

L A e e X ! E

P e n ; A

PR L ' o N

N e s e al ol = ]

PN e L N S o

P = ‘ : o

P A A A ) . S

B R T T e e e e e i e e e T W o

BN e e e e i e e e e i ey el A A A .....-_._ v

o *. iy

O AN A N AN " X

I ol e ar g Syl e v x o i

nku“&*#&*&&*#&*&&*#&* e A T Py o

P o e e e e T o ...a__ A

F i o o L P L T A e tn XX g

I | o

s s R s 2

o w #&##&#*&##&**&*#&aﬂ :

PO S L L N o g T g g g Ay

P A el N )
) el ) 'l W I P I r

m-n_.__l__._.___._-___._-___._.___._-___._.___._.___._-_ S e o e

LI Tl ey I Doty B e B B A A e -l.__ HHHHHHHHHHP

O

A

N,

e

A

FON

R

xR A A

O

FON

KR KR

xR

O R

o

xxnxa..._xnna

e X!

N

#

KR

i)

i A )

.
Ll |
e
i

i |
a
SN R

|
& &
-I: :'l-l
&
¥
&
Ay
.
Ml

»
»
»
»

RN
L)
L)

L)
PR N
)

)
A
|

F Y
x_'

li#l#l*liili-l
-

»
& &
»
F
H

-I:-I
-I#-I‘#li*ii-l‘#li
llllllllllll

> L I ]

L)
[

.u_ ..u_
.-..-.P.-..-..-.F.-..-..-.H..-..-..-.H..-.l..-.v..-..-..-.ﬂ..-..-..-.v..-..-..-.v..-.l. _-..._

»
E

*

Pt A
A

*
N i

x anHanHan xHax
N
x xﬂxwuu.nnnx”n :_Hn”n

L]

._..“.4 . v.ux.__.r R
..
Ll

L)
L)

*
[)

]

e MR N )
¥ Ay
; ".W’:E.- ;

!.PHHHHH

*ah [ g "”ﬁ”ﬁ“ﬁ”ﬁ“ﬁ“ ” ”“ #
o : ’
"R ™ : : “...“.4”.4“.4“.4“.4.___... Lo} .__.“.4
T
W el »
L el el el el M
- "
e
L A
w
-

&
X x

Pifialty
)

A
x
FY

L ]
L
& b

F
X
Ty
¥
o
»

EaE N
ECE
X ¥

X

)

X

X

»

e

Jrararq-lrarq-lrar

L N

R N e e )

e Y

¥

&Jr&a-&&a-&&&

....
-
BOLBOBBOEBE T
-.n LR R M )
i

x

it

it
¥

X ¥
»

]

)
)
)

L N N

el 0 3 30 E M M C
R NN Enl s R )
e L C 0 300 M
A N .-u_..-_ ia;q.-;ia;q.-w

M

Ea el
Eal
ol
Jrl_dr*a-
.,
.,
.,
",
",
.,
.,
",
".,
Y
T o N N )

L NE B BB N B R
L I ]

s
X

¥ i
A e ey ey L U 3l s
.._.................._..................._.................._... *

»

¥

l,..h‘l' ¥ Jr*_a-

A XXX

x
)

JrJrJrJrJrJrJrJrJrJrJrJrJr
X XXX

xE
e e e

X ¥

L a0l
AR Ay

o e

o F E Y o
Hx“xHxHxHxquxnxnxﬂxﬂxnxxxnxxxnxxx X
FONE
O I
O
A A
aHxHn”xHnHx”nHﬂHﬂHﬂHﬂHﬁHﬂHﬂHﬂHﬂHﬂHﬁHﬂ AN
VR A I
O
I A I !
oo o e e e e e e g
F A A 0 o,
2 o R e A A A e e e R e M
o A A e e o e
E U
O A A 0 0
Ll xnxxxaxxxnxxxnxxxaHxHn”xHnHx”aHxHnHxHnHx”aHxHn”xHnHx”anxﬂn”xnnﬂx”anxﬂn“ﬂ..
I N B I
e
AR 0 O 0 I
Tl I
o A A A A A O U I,
Ll
e T O
O
FXUE A 0 I O 0
e e oot ae o ol e ad e e o ol e o e e ol ot e o e ae e
o A 0 A O 0
KR R e e e e e R e oo A e e e e e R e R e e
VR N O VO
xxxxxxxxxnnxnnxxxxnnnxnnxxxxxxxnxxnunnunnu
R I O 0 I
o e R R B R R R e R e R e e e e e oo e e
PP T P e e e e e e e e e e e
L
* T e e e N N
xxnnxxxxxxxxxxxxxxxxxxxxxxxnxnnunnxnnnxnnr
. ! R O O 0 0O U O I, 0 O,
YTl o e ae e e R BRI e R e e e R e e e R e R
o o A A 0 A O A 00 0 A N 0
A A KA KR e K e F O
X oo oo A o e A e oo o A o o ot o oo o o
x“x“x“x“x“x“x“x“x“x“x“x“x“x“xxxxxxx . xu_. nxnnaxnnnxannxnnaxnnnxannxnnnxnnnxnnnxnnnxnnnxnnnxnnnxnanxnnnxnnnxnanxnnnxnnnxnnn
I I I I I I I I I I B O U N
Pl N o N
T 0 A, 0 A = P 0 0 B A 0 0 O N
I e = I R T T T T T
U A A A o U N A N A N
W A s T
A I B - I N N N
ot R i = O
e A O O ’ ol 0 0 0 A O, 0
x A E O N - T
o T A O o O A N
I, - K o
U VR A I N U N R N N
ot T / PO
Al I A 0 ol 0 0 0 0 0
PO % e o e A R R g VR T
o xxxnxxxnxxxn x A e e A e e e e
w e W TN X n._.x x, Y e e e e e e e e e
- o o A 0 0
T VT .
; naxnu U N 0
; PO O
. A A N N B N
; s o
Pl el x S e U N 0
XL R X W T
Xl N K, A AR e e e e -
R LML X X T T
E o o W K LI I I I T T I T I I T I TR .
e o P
AL X x A B 0 0 0
ol Y ¢ o
bt B N N 0 O N
Pl K PO
o e e e R R e o e e e X
x o
o EON N 0 U
x FONE T
o N 0 O O
x e o W
X 2 O R N N N
g e RO
X, W 0 U 0 0 0 O N
o, O T
"Ny N O U 0 A
. o
N O N N R
PO
E 0 N A
B R
R N O 0
A T
o R R o e e e e e e e R A AWM MW
o N
T N 0 U 0
EOR T
A U N N 0
O T
O N N
P N
ol A 0 0 A 0 0
O T
T e e e e e e e e e e e
Pl O O
. o e R e e e e e e e e
ol P N
Pl U A N 0 A 0, 0
) T ;
) o N B O U
Pl ol T
) N N N R N B O 0
Pl el i
Pl el sl U A N 0 X
...H._q”.q”...”.qn g ”- ”,_ ”,_ H- ”,_ H,_ H- ”,_ ”,_ ”-”,_”,_ ”-”u”,_ H- ”,_ ”,_ H- ”,_ r.,_.nu.n___.ﬂ.,_ H- ”,_ ”,_ H- ”,_ ”.__”-a,_x.__n . ",
ta e a e xnxnxaxnxnxnxnxnxnxaxnxnxaxnxnxaxnxaxaxnxaxaxnxaxnxnxaxnxnxnxnxnxnxnxnxnxn.. e
o N A A A N A 0 I 0
P G A R R o o e o e e e a w
L a0 o N N O 0 0 0
e sy F
N A Al VR A O O A
L a0 F
ol el s el o I A O 0
N A Aty R A g g e g e e oo o g e e e e e e e
Al Mt ML M AL Al at) P T e e e o e e e e e e o o o
2] Eal s e sl sl ol F O I
e o o e e e P e e e e
M x xxxxxxxnnxnnxxxxnnnxnnxnnxnunnnxnunnun
x o A 0 I O W,
T o o o g e e A g g e g e e e o
R A RO A A U A O 0
N o e ae R e e e R e R e e e e e e e e e o e
.x:. nx”x” L x uxHx”xHx”xHxuxHx”xHx”xnx”xHx”xHx”xnx”xHx”xHx”xnx”xnx”xnx”xnx”xnx”xnx”x X
... X X X X X X X X K K N X K K N X EOE K N K K XN K K XN X

oetaTate et
H”HHH”HHH
HHHHHHHHH
N A
oM M N
S
Sl
F
A ]
E " H E
Mo N X HIIIII.—.IIIIIHF
Hﬂ”ﬁ”ﬂ”ﬂ I lﬂlﬂlﬂlllﬂlﬂlﬂlﬂvHHIHIIIIII" "l“l"llll »
oo o Yoy i ....4.................._.... P ™, “vanl.a-.l
HHHHHHH l. l.....l.....l.....l.....l. l. ]
HHHHHH. i & &
i |

xxxﬂxnxnxnxnxnxﬂxnxn =
o A e
N O
R R A R e
o
2 A e e
AR R
e e
A O, O
H,_ “,_ H- H,_ “,_ H- H,_ “,_ “-H - o
NN N N o e  aa a i at,
R, A O O O )y
R R R R e o e R R B ar i i
ot o TR T e X i
o e o e o e o e e e e e il
e ot o o e o R R AR AR e i
ar i i I N i i
P T N, O O O, lm..._..q.q
i O Pl
L 2t e R T e e e e e
ar i R L
R e e T AR e e e i
oo o R e e e e e e e e ...lw...
o A 0 O 0 a i
oo e e e e e e R pe R e e e e e e e e Py
I N N i
ar e i R O, A Jui...
O, oo e o e R TR T R e o R R R R R e o
T ar A
o O A A, O x
ur e A A ur
Tl o o o R T e e T o e i
i x
B e o e R R TR A e AR R R e -
o R e e e e R R e e e "
L A 0 A 0, O 0 x
o e e o e o o e e e e e e o e e e e e e e -
A T e e T R e e
RO
R R e e R R R et e A R
A e e e e R e e e e g e e
XN O, . A, 0, 0 A A O, 0
R A R R o e R R R e e ot e R R AR AR
oo o o e e ne R e o e e e
A, o, O
R AR e e TR T R e ot e R AR
; .'x.'x.'x.'x.'xﬂxﬂx.'xﬂx.'xixﬂxﬂxixﬂxﬂxixﬂxﬂxixﬂxﬂxﬂxﬂxﬂxixﬂxﬂxﬂxﬂ
T ....H.qH#..#H&H#H#H&H#H#”&H*”L.r
i ey i ....._.._........4....._........_

q-
¥

.4..........4....................................._. .............4...“-_

A e e ]



US 10,385,780 B2

Sheet 7 of 7

Aug. 20, 2019

U.S. Patent

L -
R P .
i d o de dm a2 a .
Pl Sl S S . -
R e
-...._...r.r.r.....vn.. et
T -.........r.....r.-...ri. . o
s .r.;..r....r.;..r.;..r....r.r.-..l.....“ - -.....;..r.v.r....rl .. . ” Hi )
1.......”..1.._...1” x H x H x .._1. .-........r”.t.__..vn. . .rl.
s .rH.r iyl it Pl e, .
-........;..r R e .-.....;..r.;..r....rl.. A .
o S S e e o o [ S - -
N A , e e
W dede b de e g de e - ) g b deox . FR R R E R R R R R R R R R R R R R R R R B R FE )
X U de ke ke ke A A S . . T I T T N . ~ ]
RS .........r.....r.....rn. 2 P
......._.”.r .r”.v....r”.t....k”.r.._......_q. s A . ; e e ' )
s .rH.r Pyl ity it .r.........._1. e, u.. T P w0
lb.b-”.' .T”.Tb..'”.'b..'”.'*b..r r ' . lb-b..'”.'b..'l ] ) [ ] ». ' - ' . ‘*“l-‘ L J
S e e SN H RN L e WAl Xl Ml Mol al Al
Xk d d d bk dr ko Wy kA ] L)
O e S S S S Ay et I L P W W NN
X U de ke ke ke A A S . . )
i et P . 2 R i
R T T ke N rLE - . P o A ' )
Xk d ke d ke a dh wae A a 2 ] s .
e e e For : L3 A :
e e RN b BN Al 3 ERERE
o S S e e o o e e e % S
e e Ux A U M N
A N R A oA R I I .
X U de ke ke ke A A 2 RN W W
nidr b de ol Jrode de dp P . Sk o M d om - r
o S R R x A N W N v
LINE N r r o s A i i & i a .o . -
-.:.b..T.T.:..T.T.Tb..T.T.T.:..T.T.Tb.b..r1. " vu.r.ﬂu e A i A A A A A A A L] -b.il.l.l.l.l.i}..'l. & e
PR gl i i i I R R T T i e T T T S T S e T O S e e S i S S S S S Y ' D W xa
e de e de B de dede dr P e .. . . . . . . . . . . . . . . . . . . Sr ol dp M o . -
o S S e e o o .. . . . . . . . . . . . . . . . . . ' e W - e
i r T e e e e A L . -
Jd de dp b dr dp Jr o dro Ao o o T T ' A R R I R ) o T W N N N N o
O e S S S S - . L ' . . . o Ik b &k a . w . -
X U de ke ke ke A A . T T T v ' ' T . ' ' T ' W - »x .
nidr e de drde drode e r r ' V. [ T . . ' . . . T W N . -
o S A e e e o I e LT aTaa T . P . P . ' P o » o
B r o e . e e i o A . -
Jde o de o de Jp b Jro b . . LT e e e e N N W N W a o
LI N L ' m_dp o & & I odr - a5 2 2 a2 & 3 4 xxxxa ax i & & & i s - -
X a e x a a a a aa a A e ey P o o e a Lol el x Pl e
Pl s e r P A L S
S e e . Ce e T T e e e L A e ML M L M Al M ALl ML ML Sl st al e M A Ml N aTRE - e
Xk d d d bk dr ko v R R RNl L ) » P
o e S S S S Sa s v e o o N I L T L L oL L o oL L o L M x .
PN N NN T e e e e e e e Ty L A A e A ) . - Pl e
..............r.r.r.....r.....r.....r.....r.....r.........__ " " LT ........-..........r.r....-..r.r............r.r.-.....r.r.-..... .-..r.4.r.-..r.-..rl..r.-..-..-..rl..r.-..r.-..r.4.r.-..r.-..rl..r.-..r.-..rl..r.-..r.-..r.4.r.-..r.-..rl..r.-..r.-..rl..r.-..r.-..rl..-..-..-..-..-.l..-.....-n L0 » ity
B r A N N ) L i i a a ara a a a a ar a a e . -
Jde o de o de Jp b Jro b R T T R i Sl Sl S e S ) O N R R T R a o
o e ¥ e N O e N ) L . L . . L. . . . -
. PR gl i i i v ' ar dr e dr i e i d ' ' ' ' ' ' ' ' ' ' » »x .
' e de e de B de dede dr P r R o i e T . . . . e . . -
o S S e e o o e e B ek A ke k- ' . ' ' . ' ' ' . o
i r o R T T e L . -
Jd de dp b dr dp Jr o dro Ao o R T W R R R R T T T T T T T T T T S S S T T S S S T S S T S S R o
O e S S S S r N . . . . . . . . . . . . e . -
X U de ke ke ke A A . oM A dr W T T T R R R R T R B R T R R R R R B N L L T N R N D L L R T ' . »x .
nidr e de drde drode e r r ' w ol A ey ol e MR . o R . -
o b e b b dr b b o dr & L L o ks .o LR R R R R R R R R R R RN LI & i
LINE N N LT (R NI Ll R o Ao A A AN A A A A A A A A A A A A A A A A A A - . . -
Jde o de o de Jp b Jro b . r Sl dp i de e w . on e o
o e r ' u W A dr Bk . w0 e e e e e e e e e e e e e e e e e e e e e e e e e . . -
X a e x a a a a aa a r L M . Pl e
il de de g de de de e r r R N o o M .. . » . . -
o S S e e o o VT e el i e ke - L e e alalala . o
SN NN NN A r AECREIEIC A A AL L JEREREREE v L » L Xy -
e de dede g A de O r r f o d e el e . n . M B Sl St B e
X U de ke ke ke A A Vo O R N A Pl .
nidr b de drde drode dpodp P ¥ V. i dp e By . iy, r dr b i b » R
o o i St Ry i Lo L M L e
B r o . E N W R A el » .
Xk d o dr d ok gk d ok . [ ar W - ' R e .
o S ' ¥ ' dr i odr B Bk . Ly Sl el talrialry
P A ] ; a Al A . ol ¥
e i - r A e N W odr ke b » -
o S S S e S o S ol ¥ L - a &k k& N Lk ke ko P T T ..
e " " s e e e e Fer et B M N N N N N N N NN N N NN NN
o il e * " it e -_Hl..._-_"-......__.__. o Y ferata Tt K T e e e e a N
e e e de e d - r . » A ] A N A A e
o e g ey ot T lI"- A R B e  a A  aC  ar ae
n T e e e e - r R Pl ol ol R Al el » B A A A A A A A A A B A A A A I
Ik dode dod gk a ok [ o o R L e
T e e e - r Pl R A Py » LA e a a a a a a a aa a a a a aa)
P P P - r U l.-.l.l.l..-.l.-..._ - ot !v. ' - r....r....r........._ " » P e e P L
[l i A i i Sy L P N W N - Lok ks e e e e e
- r . Ry el »
o S N N . R -
. . . . - L L e . O Sl el tal iyt I !
N W K W e
y ) - v ode MR o N odded b
. P LN R ; .
. . o Ay Al el » ¢ ¢ - ¢ -y ¢
3 PRk ' ' W W . e .k M Xk A or . Pl il il il ol ol gl s gl gl ol g g gl gl ol ol ol
. L . S N . L ke ke oa P e e Y S e e e e
. [ N W o M W A R R R 2 e an .
. o N N . N rod o de M om iy a
' ' T ' N N N R R R 2 e o
. o o T |l Fode b odp A i .
' e e NN N . s o d o d A Ao o
. . e . VN k. iy -
' e N N N R R R R s »x .
. . o N N . Ll rd b i b ¥y =
' T T T T T W N W ok ke kA o
N N Ay Al araral A
N N . e R o
e L ik ki oa iy -
P W N e »x .
F ] a . N rod o de M om ¥y =
W N N N, - ok kA o
L R el A
N S N N . r o d o dr A Ao o
o A e o od s . VN k. iy -
T T NN O W o Ak E o o
TR L, Tttt a et ; S e Pt
....##‘4‘*]#*#‘#4*##*##*#4*#ﬁﬁiﬁﬁiﬁl.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.#4*##*##*#4*iﬁﬁiﬁﬁiﬁﬁiiﬁiﬁiiﬁﬁibh.. ..1!v”. .T.:..T.T.T.:.b.._.l. ..T.:..rl
. L I T T T T T o T T I R o I o I I T T T I I I o T I M I M I I T T I T I I I T I o A L L L L L oL oL L oL oy . Ll F ¥
..”......._._.4.4.__..___.4._..4._._ ._._.___._..._._.___.__..___.___.__..___.___.__..___.-.-.-.-.-.-.-.-.-.-4444...4444.-.....”. T ...r.v_.. qr....r...._........._“. .r....r“.
B o N P N N N N IR F ok b kA ok
e o M) PR A R el A
' o N NN N N . r o d o dr A Ao o
. Al W . S N A k. iy -
Ve . Ll W B o N A Pl e
o Pl Ol W A Kl a s P
P o C ol W L ok P
. 2 e i o d R a . e A Fodr b A oa i .
v Jr i o & & = [ ] ] ] ] ' ] ] ' ' ] ] ] ] ' ] [ R T T | ." o & K & 1 o 1 0 .o -v. 1'.:..'.:-.'.'.*.!.- .'*.T.
" ......-.l.-.l.-..-..-..-...l N R R R ] l.-..-..-..-..-.l.-..__.q. T, .:.!. r o d d k& rok .
. N N N N ' " ' " ' ' ' ' " ' " ' " ' ' - . F ] a . . N rod o de M om ¥y =
P e T T T T et T T T LA AL SRR A o
T ......-.l.l.l.l..-.l..-.}i..................................................................................... et . ll..-.l..-.l.l MR :.v_. 1;..........-...;...... g
' S S N N ' . ' P ' ' P P ' P ' P ' ' P . e . VN k. iy -
R W N N R R R I R R R R R A R R R R R R T T T T T T T T T T T e T T T T T T T T S Tl S Tl TR T T T T T T T T T T e e e N W I R R R R rod a0 Pl g
. N N N . . . . . . . . . . . . . . . . . . v ode MR . Ll bl i om b o=
A e N N N R R T T T T T T T T T T T T T P ' Pl A L e SR v
..__.H.-_“.-.H.-.“.-.“.._..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..- L "t .-_”.-.”.-.“.-_H.._l ...1”!. -.r.....r.r.r.-........_. e
- A - .
pALAC N " ' pLIC LN DR 3 s __.u_ E o o o e
o v ' e " kb kk o A N NN NN NN N NN NN N N NN N »
o . ol L N o kAo . A a .
o ' S N N . w d o dr A Ao i N . . .. ' » " a2 a2 sk aaaa
. . . N VN Sl Sl il . - LT
ST i v .-_"-.!.... N ENE RC N A e, e N Ex 3
u . ! . f -
o i i i i r LR . T L i k. atataat s
Ik dp o de do ke gk a ok e L IR A A A ] x
W kT ke b k) r V. ol . R 2 Pl Sl S e . R - & & »
P A o ] o U IR N AR W M) r
i de de de de de de e ' r ' o ' N Fol o Sl . o - v dp i e N
o S S S e S S Sl ol ¥ T o F L e e Ak ke kA o, b P ) -
ndp A de b de b de b dpo1 r V. dp M. ST N id dodor . X - Loap i R .
Xk b dr d b d b d ok a P L e W kA . PN "
e e e e ded r N e Al o . - o W -
J b Jp O 4 M 4 dr oA . - . .o w o A N E o - N il -
ndr e de drde drode o de ror 5 ' r . PR N W o N Sk kdpor . . e Wi r ol
o S A e e e o I [ S S S i " T e ' & a0 oL e Ak d kA v, . W .
B r T P W R . AL P e o I o .
Jde o de o de Jp b Jro b . o S NN R w i A A Ao - N P om el e I~
o e S S e S Sa v . PR M M AP o Xk kk r LR Sl o “..
PR gl i i i T L R N M N I S rlba s e . r
e de e de B de dede dr P r . o ] . M Frroroa . Sr o i a
o S S e e o o N W N N N, . -, . P W
i r N o L Ry 2 D
Xk d d d bk dr ko R N A e O R~ B A
N N L r . L AL N R M R v TP PP PSSP LN PSERE SRS - IEERE M AL A
N e r Lo A ML NN K i, e ey Mo o o P gy P o P B B B o P P B B o i P P B o e K B e o e T M A S
 ap e de e de e de A r r . S dr de Jdp de dpodp . Rl il el il il el Sl il il il il il il il il el il il i Sl i il il Tl il il il il (il il il bl Sl Y vodp M oa
ol o e e e ™ Jdp e Mmoo . . . . . .. . . . - ' - D om e e
Wk ke ke e r . X i e WY ' . . . . . . . L. . . . . . N
P gl i i i T T e L N N T R T T R R D T R T T T T T e T e T T T T T T S T T R B T " " "
il de de g de de de e r r . Jrd ok RN - ' " ' " ' " ' V. ' " . - . Sr o i a
o S S e e o o LT . a0 de & i T T T T T W W
SN NN NN A r L e e o L I O M A A M S
O e S S S S r . Wk g A bk ke ke e e RN . L N W N
X U de ke ke ke A A . ' W a A dr Ak d d b - ' ' ' ' ' ' ' ' ' ' N W W W
nidr b de ol Jrode de dp P ¥ . W dr dp dp dp dr dr Op g - " m N " = m = m m om s w s = oa = doik o dod s
S e i N N b AL ML XN A N L L N aC Al Wl 3
Ik dp o de do ke gk d ok ; . N A ) L e s
T A " M e T e e ol ._...__.._._.__..___.__.._...__.._._.__..___.__..__..__..___.__..___.__..__..__..___.__..___.__..__..__..___.__..___.__..__..__..4.__.4.__.._...__..4...4......4.4....4.........444.........444.............”
T e r PR e N e L A A
PN N N . e R o L A S L A el N
N P " at e Y e e e, e e T T e T e
O e S S S S - . r . - . Pt O e A A i il » ok R N
X U de ke ke ke A A v T ' L " e e r ' N
nidr b de ol Jrode de dp P r ' . . . T e A r
o S A e e e o I e T et e T ' ' T ' ' S W
B r o P T T T T T T [ T T T [ o o ]
Jde o de o de Jp b Jro b L T T T A T T T i T T T T R R S Sl A
. o e r . T ' V. . . . . . . . V. . . & & & -
PR gl i i i P T T T T T T T T T T T T T T T e T T T T S S T T T T T T T S S S T T T T T S T T T S T 3 3 3 DR
e de e de B de dede dr P r . v o Jdp il i o
Nk e g d d ke ke RN,
ndp b dr b de b dr M dp v - 4 Lodp R a
e e R L . o R ACIC N
.'..I-.T.'.J-.T.'.T.J..'.T.T-J..T.T.'* ] r [ BN B BN BN BN N BN N o EF R R R FEFE R E R E R R RS o l- l.'.*l.‘.l-‘.‘*l..' '
. . .  oar - -
. o o e R wialatala B A e W
e A > . o o ]
Ik d i d gk d A wae A a A s
S N ok a . R - R
Py R NN N A A R
. . > b ko o ol S S . o - S dp W e
i e e ik Ak ki a -, . E W
ki dr N X e a P > . aol
X o a Kk . . e
Ak kN e oo o - o N
N e Ty ey . RN )
o o bde il o . . Sr o A
X ok T N s A R W
I dr dp de o dpow Jode de de o - voap i d
W dr i Wy . o AR N M
P oo . - O )
. T T kX oa . PRI MM AN
.H.....r.r..,.....r. T u_. PR R s
' .
W A . o A P
Pl Sl St .- W
S . ' W)
-.........r.....r.-...rh. - G .-..-..-..-..-.l.
. ode ek 2 . R
' wd A b oa - N e r
oo . R - . . .
wd b My oa ' [ T T R T T
Lok ek de . X . .
LI S N R L . 4 4 4 4 A 4 4 8 4 4 4 4 4 3 4 4 4 4 4 4 4 4 3. 4. 4. &¥ *
Pt . !
Lo LU A A A T A i ) .

r

,rrr'vr' ok
lklklkl"




US 10,385,780 B2

1

INTEGRATED DUAL FUEL DELIVERY
SYSTEM

TECHNICAL FIELD

The present invention relates to a fuel delivery system,
and more particularly the invention relates to dual tuel
delivery system for a gas turbine engine.

BACKGROUND

Modern gas turbines may operate on a number of different
tuels, such as various kinds of liquid and gaseous fuels. For
this reason, power plants may have gas turbine engines that
can operate with dual fuel capability, for example, natural
gas and diesel fuel. In general, the choice of the operational
tuel depends on the price, availability and operational
parameters.

Gas turbines comprise various types ol combustors con-
figured to produce a hot gas by burning a fuel 1n a com-
pressed air. The fuel 1s mtroduced 1n the combustor using
one or more fuel nozzles. To provide an operational flex-
ibility, the nozzles usually have capabilities to inject a dual
fuel.

Dual fuel has to be delivered to the fuel nozzles from the
tuel source. Design of such dual fuel delivery systems has
various challenges such as: space constrains, vibrational
instabilities and thermal expansions.

FIG. 2 shows a fuel delivery system 200 comprising two
tuel ring pipes, 202 and 204. Each of the ring pipes, 202 and
204, supplies one type of the tuel, and each pipe has plurality
of fuel feeds 206 which are connected to combustor burners
(not shown) of a gas turbine. In the configuration where
every burner has one lance, one fuel line from each of the
ring pipes 202 and 204 supplies two types of the fuel to the
single burner. This design results in the high level of
complexity and high number of supply lines and connec-
tions. FIG. 3 shows dual tuel supply system 300 for a burner
312 having several (in this example three) injection nozzles
310. Two types of fuel, 302 and 304, are supplied to every
nozzle 310. Fuel 302 1s supplied via a first fuel line 306,
while second fuel 304 1s supplied via a second fuel line 308.
Similarly to the design from FIG. 2, this fuel delivery system
1s not compact and 1t could sufler from thermal and vibra-
tional instabilities.

What 1s desired, therefore, 1s dual fuel delivery system
that 1s simpler and more eflicient than the systems from the
prior art.

SUMMARY OF THE INVENTION

In view of the above mentioned problems, 1t 1s primary
object of the present invention to provide an improved dual
tuel delivery system for a gas turbine engine.

One object of the present invention 1s to provide improved
dual fuel delivery system in terms of the complexity and
space saving.

Another object of the present invention 1s to provide
improved dual fuel delivery system 1n terms of thermal and
vibrational stability.

Yet another object of the present invention 1s to provide
improved dual fuel system particularly adapted to substan-
tially rectangular shaped burners.

The above and other objects of the mnvention are achueved
by a dual fuel delivery system for a gas turbine, comprising;:
a main fuel line having a main fuel o1l conduit and a main
tuel gas conduit, wherein the main fuel gas conduit encloses,
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at least partially, the main fuel o1l conduit, and a first fuel
divider having a first fuel o1l divider connected to the main
fuel o1l conduit and a first fuel gas divider connected to the
main fuel gas conduit, wherein the first fuel gas divider
encloses, at least partially, the first fuel o1l divider.

According to one embodiment, the dual fuel delivery
system further comprises at least one second fuel divider
having a second fuel o1l divider and a second fuel gas
divider, wherein one outlet of the first fuel divider 1s
connected to an inlet of the second fuel divider. In one
preferred embodiment, the dual fuel delivery system com-
prises two second fuel dividers.

According to yet another embodiment, the first fuel
divider 1s positioned 1n a first plane and the second fuel
divider 1s positioned in a second plane, and the first plane 1s
different from the second plane . . . . In one preferred
embodiment these two planes are substantially at degrees
angle. This configuration 1s particularly advantageous
regarding space saving inside a gas turbine.

According to another embodiment, both the first fuel o1l
divider and the first fuel gas divider, have one 1nlet and two
outlets.

According to yet another embodiment, the main fuel gas
conduit comprises an extension means, preferably metallic
bellows. This configuration i1s particularly advantageous
regarding problem of thermal expansions.

According to another embodiment, the first fuel o1l
divider comprises at least one extension means, such as a
metallic hose or an extension joint.

According to yet another embodiment, a connection
between the main fuel o1l conduit and the first fuel o1l
divider comprises a horizontal sliding guide, and/or a con-
nection between the first fuel o1l divider and the second fuel
o1l divider comprises a vertical sliding guide.

According to another embodiment, the dual fuel delivery
system further comprises an injection head, which com-
prises at least one 1njection nozzle adapted to 1nject fuel o1l
and/or fuel gas, wherein the injection head 1s connected to
the first fuel divider or the second fuel divider. In one
preferred embodiment, the 1injection head comprises plural-
ity of injection sections, wherein every ijection section 1s
connected to one outlet of the first fuel divider or the second
tuel divader.

According to vet another embodiment, the dual fuel
delivery system comprises fuel manifold connected to the
inlet of the main fuel line, and adapted to supply tuel gas and
tuel o1l to the main fuel line.

The present application also relates to a gas turbine
comprising dual fuel delivery system. In one preferred
embodiment, a gas turbine comprises a can combustor, a
cooling air housing, and a burner adapted to receive the
injection head, wherein the inlet of the main fuel line 1s
positioned outside the can housing, the outlet of the main
fuel line and the inlet to the first fuel divider are positioned
between the can housing and the cooling air housing.

In addition, the present application also provides for a
method for delivering dual fuel to the 1njection head nside
the burner of the gas turbine comprising the dual fuel
delivery system. The method comprises following steps:
supplying fuel o1l and/or fuel gas to the main fuel line,

dividing the fuel o1l and/or the fuel gas in the first fuel

divider, and guiding fuel o1l and/or fuel gas to the injection
head.

Additional advantages and features of the present inven-
tion will be set forth in part 1n a description which follows,
and 1n part will become apparent to those skilled 1n the art
upon examination of the following, or may be learned from
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practice of the invention. The instant invention will now be
described with particular reference to the accompanying
drawings.

BRIEF DESCRIPTION OF DRAWINGS 5

Preferred embodiments of the imnvention are described in
the following with reference to the drawings, which are for
the purpose of illustrating the present preferred embodi-
ments of the invention and not for the purpose of limiting the 10
same. In the drawings,

FIG. 1 1s a schematic diagram of a gas turbine according
to the invention.

FIG. 2 1s a perspective view of dual ring fuel delivery
system from prior art. 15
FIG. 3 1s a schematic diagram of a fuel delivery system

from prior art.

FI1G. 4 1s a schematic representation of a dual fuel delivery
system according to one embodiment of the present inven-
tion. 20

FIG. 5 1s a perspective view of a part of a dual fuel
delivery system according to one embodiment of the present
invention.

FIG. 6 1s a perspective view of a dual fuel delivery system
according to one embodiment of the present invention. 25
FIG. 7 1s a perspective view of a part of a dual fuel
delivery system according to one embodiment of the present

invention.

FIG. 8 1s a perspective view of a rectangular burner
adapted to receive injection nozzle head. 30
FI1G. 9 1s a schematic representation of a dual fuel delivery
system 1nside a gas turbine according to one embodiment the

present mvention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

35

Referring now to the drawings, 1n which like numerals
refer to like elements throughout the several views, figure
shows a schematic view of gas turbine engine 100 according 40
to one embodiment of the invention. The gas turbine 100 1s
comprised of a compressor 102, which compresses a flow of
air 116. The compressed air 118 1s directed to a combustor
106 which may comprise several combustor cans and burn-
ers. In the combustor 106, the compressed air 118 1s mixed 45
with fuel o1l 112 or fuel gas 114, and the mixture of air and
tuel 1s 1gnited to create a flow of hot combustion gases 120,
which are directed to drive a turbine 104. The mechanical
work produced 1n the turbine 104 drives the compressor 102
and load 110 via a shaft 122. Fuels 112 and 114 are delivered 50
to the combustor 106 via a dual fuel delivery system 400
according to the mvention.

FI1G. 4 shows the dual fuel delivery system 400 according
to the mvention, which may be used with the gas turbine
100. The dual fuel delivery system 400 comprises a main 55
tuel line 402 having a main fuel o1l conduit 406 and a main
tuel gas conduit 404. In the preferred embodiment shown 1n
FI1G. 4, the conduits 404 and 406 are in the form of two
concentric conduits, wherein the main fuel gas conduit 404
completely encloses the main fuel o1l conduit 406, except for 60
the entry section of the conduit 406. In general, the main fuel
gas conduit 404 encloses at least partially the main fuel oil
conduit 406.

The dual fuel delivery system 400 comprises also a first
tuel divider 408, having a first fuel o1l divider 412 connected 65
to the main fuel o1l conduit 406 and a first fuel gas divider
410 connected to the main fuel gas conduit 404. In general,

4

a fuel divider 1s a device for dividing a fuel tlow, and 1t has
one 1nlet and two or more outlets. The number of branches
of the divider 1s equal to the number of the outlets. The fuel
flow may be divided equally or non-equally among the
branches. The first fuel gas divider 410 encloses, at least
partially, the first fuel o1l divider 412. In the preferred
embodiment, shown in FIG. 4, the first fuel gas divider 410
encloses completely the first fuel o1l divider 412. Every
branch of the fuel gas divider 410 1s enclosing correspond-
ing branch of the fuel o1l divider 412. The corresponding
branches may be 1n the form of the concentric conduits. In
the operation, the fuel o1l supply channel (main fuel o1l line
and fuel o1l divider) 1s advantageously protected by the fuel
gas supply channel (main fuel gas line and fuel gas divider)
against the hot air stream. In the preferred embodiment, the
fuel divider 408 has one inlet and two outlets, but more
outlets are also possible.

The dual fuel delivery system 400 may have a second fuel
divider 414. In one preferred embodiment shown 1n FIG. 4,
there are two second fuel dividers 414. The purpose of these
dividers 1s to further divide fuel flows coming from the main
line 402. In the preferred embodiment, the second dividers
414 may have one inlet and two outlets. The second fuel
divider 414 has a second fuel o1l divider 420 and a second
gas fuel divider 422. One outlet of the first fuel divider 408
1s connected to an inlet of the second fuel divider 414. In this
configuration, system 400 has one inlet 418 (main fuel line
inlet) and four outlets 416 1.e. both of the fuels, fuel gas and
fuel o1l, may be separated i1n four separated tlows.

Additional advantageous features which contribute to
avold thermal expansions and negative vibrational effects
are also show 1n FIG. 4. Firstly, the main fuel gas conduit
404 may comprise an extension means, preferably a metallic
bellow 424. Secondly, the first fuel o1l divider 412 may have
an extension means, such as at least one metallic hose 426,
or an expansion joint. Preferably the divider 412 has two
metallic hoses 426, wherein one hose 1s comprised in every
branch of the divider 412. Other combinations of bellows
and hoses 1n the main line 402 and/or in the different
branches of any of the dividers are also possible.

FIG. 4 1s a schematic, simplified and two-dimensional
representation of the dual fuel delivery system 400. The
main fuel line 402 and fuel dividers 408 and 414 are not
necessarily all positioned in one plane. In general, the fuel
divider 408 1s positioned 1n a first plane and the fuel divider
414 1s positioned 1n a second plane.

FIG. 5 shows 1in more detail part of (and interior of) the
dual fuel delivery system 400 according to one preferred
embodiment of the present invention. Contrary to the
example of FIG. 4 where the first fuel divider 408 and the
second fuel divider 414 are positioned 1n one plane 1.e., the
first plane and the second plane are same planes, the second
tuel divider 414 and the first fuel divider 408 of an embodi-
ment 1n FIG. § are advantageously positioned 1n different
planes 1.e. the first plane 1s different from the second plane.
In the preferred embodiment shown in FIG. 5, inlet of the
second fuel divider 414 and one outlet of the first fuel
divider 408 are connected substantially at 90 degrees angle.
In this way, dual fuel delivery system 400 has advanta-
geously a more compact size, which reduces a need for a
large space inside the gas turbine 100. The two planes, the
first plane and the second plane, may be inclined to each
other at an angle >10 degrees, preferably greater of 50
degrees up to 90 degrees. Another advantage of having fuel
dividers 408 and 414 1n different planes instead 1n one plane
1s an additional degree of flexibility to compensate for
thermal extension and/or vibrations in different directions.
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Other designs, depending of the geometry of the gas turbine,
are possible, without departing from the main concept of the
invention.

In addition, as shown 1n FIG. 5, a connection between the
main fuel o1l conduit 406 and the first tuel o1l divider 412
may have a horizontal sliding guide 504. Advantageously, a
connection between the first fuel o1l divider 412 and the
second fuel o1l divider 414 may have a vertical sliding guide
502. The use of the sliding guides 502 and 504 helps to guide
the relative movements of the metal hoses 426 inside a gas
turbine engine. FIG. 5 shows also a fuel manifold 506
connected to the inlet of the main fuel line 402. The
manifold 506 1s used to supply the fuel gas and the o1l gas
to the main fuel line 402 via fuel o1l 1inlet 508 and fuel gas
inlet 510. The inlets 308 and 510 are 1n general connected to
the external fuel gas and fuel o1l supply (not shown).

FIG. 6 shows perspective view of the dual fuel delivery
system 400 according to another preferred embodiment of
the present invention. FIG. 6 shows only external part of the
system 400, without showing internal gas o1l conduits and
dividers. In this embodiment according to the invention, the
system 400 comprises also an injection head 602. The role
of the 1njection head 602 1s to mnject the fuel into a burner.
The 1njection head 602 comprises one or more injection
nozzles 604 adapted to inject the fuel o1l and/or the fuel gas.
The mnjection head 602 1s connected to the second tuel
dividers 414. The dual tuel from the manifold 506 may be
guided to the nozzles 604. In the one preferred embodiment
of the invention, the 1njection head 602 comprises plurality
of fuel mjection sections 606. In the embodiment shown 1n
FIG. 6, there are 4 fuel 1injection sections 606, each section
having nine nozzles 604. One example of the inmjection
section 606 1s described i1n patent application EP
2496883 A2. In this example shown 1n FIG. 6, the injection
section 606 has streamlined body defined by two lateral
surfaces jomned 1n a smooth round transition at a leading
edge and ending at a small radius/sharp angle at a trailing
edge. Upstream of the trailing edge vortex generators may
be located. The nozzles 604 are located on the trailing edge
of the streamlined body of the injection sections 606.

FIG. 7 shows 1in more detail a connection between the
injection head 602 and the outlets of the dividers 414,
showing that every injection section 606 1s connected to one
outlet of the dividers 414.

FIG. 8 shows a rectangular type burner 800 adapted to be
used with the dual tuel delivery system 400 according to the
invention. As shown, the burner 800 1s adapted to receive the
injection head 602.

The present invention also discloses a gas turbine engine
100 adapted to be used with the dual fuel delivery system
400 according to the invention. FIG. 9 shows schematically
representation of the part of the gas turbine 100, wherein
only parts of the walls of the main components are shown.
As shown i FIG. 9, gas turbine 100 according to the
invention, preferably comprises a can combustor 902, a
cooling air housing 904, and a burner 800 adapted to receive
the 1njection head 602. In one preferred embodiment, the
inlet of the main fuel line 402 1s positioned outside the can
housing 902; the outlet of the main fuel line 402 and the 1nlet
to the first fuel divider 408 are positioned between the can
housing 902 and the cooling air housing 904. The outlets of
the second fuel dividers are positioned 1nside the burner 800.

FI1G. 9 also 1llustrates the method for delivering dual fuel,
the fuel o1l 112 and the fuel gas 114, to the mjection head
inside the burner 800 of the gas turbine 100 comprising the
dual fuel delivery system 400. The fuel o1l 112 and/or the

tuel gas 114 are supplied to the main fuel line 402, and then
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they are divided 1n the fuel divider 408 and fuel dividers 414,
and guided to the burner 800 where the fuel 1s mixed with
compressed air and burned.

It should be apparent that the foregoing relates only to the
preferred embodiments of the present application and that
numerous changes and modifications may be made herein by
one ol ordinary skill i the art without departing from the
scope of the invention as defined by the following claims.

LIST OF DESIGNAITTONS

100 Gas turbine engine
102 Compressor

104 Turbine

106 Combustor

110 Load

112 Fuel oil

114 Fuel gas

116 Inlet air

118 Compressed air

120 Combustion gas

122 Shaft

200 Fuel delivery system
202 Fuel ning pipe

204 Fuel ning pipe

206 Fuel feed

300 Dual fuel supply system
302 Fuel

304 Fuel

306 Fuel line

308 Fuel line

310 Nozzle

312 Burner

400 Dual fuel delivery system
402 Main fuel line

404 Main fuel gas conduit
406 Main fuel o1l conduit
408 First fuel divider

410 First fuel gas divider
412 First tuel o1l divider
414 Second fuel divader
416 Second divider outlet
418 Main fuel line inlet
420 Second fuel o1l divider
422 Second fuel gas divider
424 Bellow

426 Metallic hose

506 Fuel manifold

508 Fuel o1l mlet

510 Fuel gas inlet

602 Injection head

604 Injection nozzles

606 Fuel mjection section
800 Burner

902 Can combustor

904 Cooling air housing

The mvention claimed 1s:

1. A dual fuel delivery system for a gas turbine, compris-

ng:

a main fuel line having a main fuel o1l conduit and a main
fuel gas conduit, wherein the main fuel gas conduit
encloses, at least partially, the main fuel o1l conduit;
and

a first fuel divider having a first fuel o1l divider connected
to the main fuel o1l conduit and a first fuel gas divider
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connected to the main fuel gas conduit, wherein the first
tuel gas divider encloses, at least partially, the first fuel
o1l divider; and

at least one second fuel divider that includes at least one
of a second fuel o1l divider and a second fuel gas
divider, wherein the second fuel gas divider encloses
the second fuel o1l divider.

2. The dual fuel delivery system of claim 1, wherein one
outlet of the first fuel divider 1s connected to an inlet of the
second fuel divider.

3. The dual fuel delivery system of claim 2, wherein the
first tuel divider 1s positioned 1n a first plane and the second
tuel divider 1s positioned 1n a second plane, and wherein the
first plane 1s different from the second plane.

4. The dual fuel delivery system of claim 2, comprising;:

two second fuel dividers, wherein each of two second fuel

dividers are connected to different outlets of the first

fuel divider.

5. The dual fuel delivery system of claim 1, wherein both
the first fuel o1l divider and the first fuel gas divider, have
one inlet and two outlets.

6. The dual fuel delivery system of claim 1, wherein the
main fuel gas conduit comprises an extension means.

7. The dual fuel delivery system of claim 6, wherein the
extension means comprises a bellow.

8. The dual fuel delivery system of claim 1, wherein the
first fuel o1l divider comprises at least one extension means.

9. The dual fuel delivery system of claim 1, wherein a
connection between the main fuel o1l conduit and the first
tuel o1l divider comprises a horizontal sliding guide, and/or
wherein a connection between the first fuel o1l divider and
the second fuel o1l divider comprises a vertical sliding guide.
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10. The dual fuel delivery system of claim 2, comprising
an 1njection head, the injection head comprises at least one
injection nozzle adapted to 1nject a fuel o1l and/or a fuel gas,
wherein the 1njection head 1s connected to the second fuel
divider.

11. The dual fuel delivery system of claim 10, wherein the
injection head comprises plurality of injection sections, and
wherein every 1njection section 1s connected to one outlet of
the second fuel divider.

12. The dual fuel delivery system of claim 1, comprising
fuel manifold connected to the inlet of the main fuel line, and

adapted to supply the fuel gas and the fuel o1l to the main
tuel line.

13. A gas turbine comprising the dual fuel delivery system
of claim 1.

14. The gas turbine of claim 13 comprising a can com-
bustor, a cooling air housing, and a burner, wherein the nlet
of the main fuel line 1s positioned outside the can combustor,
the outlet of the main fuel line and the inlet to the first fuel
divider are positioned between the can combustor and the
cooling air housing.

15. A Method for delivering dual fuel to the burner of the
gas turbine of claim 14, the method comprising;

supplying the fuel o1l and/or the fuel gas to the main fuel

line:

dividing the fuel o1l and/or the fuel gas 1n the first fuel

divider; and

guiding the fuel o1l and/or the tuel gas to the burner.

16. The dual fuel delivery system of claim 1, wherein the
second fuel o1l divider 1s connected to the first fuel o1l
divider and the second fuel gas divider 1s connected to the
first fuel gas divider.
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