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(b) GE Patent: US7614847
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(a)

Redistributed cooling flow from

DVC coating (0.013" nominal) the airfoil to the platform
\\ Leading edge undercut and

axial seal slot extension with
new seal retention feature

Reduced diameter
LE radial seal pin

Thru platform pressure
side cooling holes

Bl15 PSM2 2 M501F - de F ¥ av 322 3 2 (a) WH01Fp 3¢ frim i
R (b) ERAras s %(OE T o %



» = 45~ A » 3> , 3 >, S (18)
21 PM2@ % - b EPgERE RO R o
Component | Aspect OEM PSM M501F
2 squealer tips
Blade 1 Geometry No squealer tip LE platform undercut
Larger seal pocket
Material MGA1400 DS PSM116 EQ
HVOF bond coat
Coating 0.0167-0.024" APS PSM420 — 0.015"-0.025" strain
resistant TBC
. 1+3+3 serpentine pass 1ot serpent!ne PESS
Cooling Improved leading edge

Normal LE FC holes

cooling holes

%2 PSM 2 7 % =

‘aé&ﬁ%pﬁﬁﬁiﬁ}ﬁﬂi”ﬁiﬂg)o

Drilled TE

Component | Aspect OEM PSM M501F
. 2 squealer tips
Blade 2 Geometry 1 squealer tip TE platform undercut
Material MGA1400 PSM116 EQ
HVOF bond coat
Coating 0.014”-0.022” APS PSM415 - 0.015"-0.025"
strain resistant TBC
143 serpentine pass 1+3 serpentine pass
Cooling | No turbulators in 1 pass Turbulators in all passes

Optimized cast trailing edge

% 3 PSM =& %

Bd SRR 2 R o Y

Component | Aspect OEM PSM M501F
1 tip shroud fin 2 tip shroud fins
onc REHERY Hard face coat Hard face weld
Material MGA1400 PSM112
Coating MCRAIY MCRAIY
Cooling | Shorter 8 drilled holes Full length 8 afam drlisd
holes




# 4 PSM = & % -

BEEE SRR R 2 R # .

Component | Aspect OEM PSM M501F
OD hook and timing slot | Same as OEM; interchangeable
Vane 1 Geometry e
changes ID rail relief cut
Material MGA2400 PSM109
HVOF bond coat
Coating TBC coating PSM415 - full coverage APS
TBC
" S Platform cooling improvements
Cooling Sewer pipes” along Leadi d li
e — eading edge cooling
improvements

25 PSM2 P % B EYFEELRA R -

Component | Aspect OEM PSM M501F
Vane 2 Geometry Straight mateface Chevron design
Material MGA2400 PSM109
HVOF bond coat
Coating TBC coating PSM415 - full coverage APS
TBC
Platform cooling
; “Sewer pipes” along Improvements
Cooling . I
mateface Leading edge impingement
cooling improvement




(a)

Film Holes™

(b)

T\p Cap TBC & HS188

Shank

Bleed Hole
Trailing Edge

Undgr?ut

LE CO\;er Plate 3 Platform Slash-Face
Scallop
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to it L4 Wt (a) FART 5k grd
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(a)

(b)

(c)

BI17Sung-il= @ & ¥4 fesd WAaap ? (a) w28y (b) £7 e
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(a)

(b)

l
i

Bl118 Sung-il= @ GTIINM&#E *# 245w ™ (a) #E S (b) #

£y o

315 EPRI # % & {4t & =

F119 5 EPRI# # 2 ¥ ¢ s K f2ic = 560" B119 (a) 5+
He e bk DVCERERA LA HAHERERL0.037 P i
e PSM 2 7 600.0247 5 50X 5 940ume & GE > P ene LK B R AP



B 19 (b) % DVC4k 2 Ry » B 6 B B 0Ep » FIELD 0w v
2 RE O A INEREREBEHSAE -

(a)
7YSZ
5-15% Porosity
Vertical Cracking Permitted
37mils +/-7
MCrAlY Bond Coat
Ni 22Cr 10Al 1Y 11 mils +/- 3
(b)
500 um
BI19 EPRIE *ef 4 K i 2 260 (a) * H& 4 & Bk 2 DVCRE £ %
&+ & B (b) DVCéx k& ’J KRS o
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BEZR A 2 @ % F501F ~ MS0IGHEF 2 1 FHA » 5B X
%445 kA4 0 Gllastelloy X& &% mf s pefeslz F L1 7R ¥
Hp AR Tomilloy s & Wi wEpn 5 - Tomilloy & £ 7 22%64% -
89645 ~ 99647 ~ 39645 ~ 1964% ~ 0. 3948 » 2 pedim 2 £800°C 2 " %
e B B b s B A W] 5 29411 2 441Mpa®” 5 Ap >t Hastelloy X & 4 2760
T2 % Rss B b ss B A W] 42372 461Mpa~ t871°C 2 * K3k B & fad
55 % A 6 5 194% 310Mpa > Tomilloy & &1+ Frd BR » ¥ 7 H W E 53
#1109% » { ¥Hastelloy X& £ & ¥ Inconel 61TH AL r& 2 1t &% o 2
Y5 feTomilloy & £ £:850°C % 8 ~ 10,000 FFE PR T - # &4 & A K7

%

T .,',Flg &Fm% fu @

Voo gt Bkt e S 0 3 R AA PR BT F &R
i:_—_,g /gg ° @20;3% \jMSOIF)”L@%E’I )LT#*E%?]“ 15, 25) @20 (a)
B bER MR o HmMO0IF e 2 e (Fuel Nozzle) 7 1

Pilot Nozzle ~ 8 ®Main Nozzle > &5 ® (Inner Gas Valve, IGV)4:+#]%

|

Bz F ank g £ 0 3 R (Bypass Valve) U588 & 2 § &2 90kt o 3 7
Lo d BlY T BN 7 (Basket) 5 %R B20 (b) %



*%?*#%@Fﬁ?ﬁﬂ“ bkt TRl s BES B AR

w

REET F 4wt frz e B20(c) MR T 4t — R 3NEER REY chd
Fin

Plate-Fin # = :ZMT Fin# frz ™" -

W21 & 5= F 2 AM501G e i3k s g B o M501G % e fe
O R R AlTE T SR &Y 2 E R e 7 Tophat
Nozzles k3t » B~ NISH A Rfg &z 5 &R E > L EET 2 Main
NozzleSE iR # s » @ R £ 2% {45 ~ B Erk {3 ~B»EL G & 1%
MNOx#E 3 & > F)pt ) 7 { & 5 Swirler Holder » 4-®121 (a) #17+ 2
PuEe A S RI21 (b) B PRV SR RN EN F e A 2
— > MHOIGWE P T A B ot i » X Ay g = £iR A3 o SRR
FlRfRrp b R Ry AR PRSP ) K
H4r1 A5 MT- Fint 45 B2 frac gk %o

M501J3] § iF s KB 3% 5 MS0IGA] F iF il ek st L H il 2 8
FIEZFIEAR -2 3URBRT UD S5 IR D5 £
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AT R SEIVETZ 75 R 0 BEIMS S 2 NOx#E 2 i
# oo Fl O MO0LTF a0 0 24 LM Ped R A HRER L
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MULTI-MAIN Nozzle GENERAL

APRE-NMUEED)

oMain Swirler

Pilot Nozzle
Diffusion’

gl Air-Bypass
Valve

Main Swirler

A-A
Compressad Air
| Transition Piece
- Premix Nozzle - Air Bypass Valve
— Low NOx combustion — Flame stabilization at partial load
- Pilot Nozzle - Wall cooling technique
— Flame stabilization — Minimize wall cooling air
(b) F-Type Basket TRy
am sSwirler o =
ot 1o

= TERRE
A Lo
L .

Pilot Swirler Pilot Cone PABEE

(c)

38—



Tophat nozzle

Bypass valve
A)  Combustion air
B) Bypassed air

Sy / [j 3 li Fuel air ratio in combustion zone is
— - controlled to be optimum value

by bypass valve

Pilot nozzle
Pilot nozzle produce

the diffusion flame for
flame stability.

G-Type Swirler Holder (Basket)

M jnlet gas
Temperature
= (TIT)

Premix Gas Intake /) Main Swirler
B / |
e W i ——
M—1F i | =
L — _,-:-3{-'*:
?ﬁ =] (5]
R /BB He
—
_j-;‘,:.“,;—_ (Qj
——— ~‘\_~ — 7
| .-
\ Pilot Swirler
e

Conventional combustor nozzle - Improved combustor nozzle

Fuel

Air __

—y

=

~

|
; "‘
5 \
Swirler = ~_

2 M501G":{{§.{;%§_9_ % %t ﬁlfz" ﬁ(l& 25)

R R () B AT R

Mixing homogenous

"V nozzle

(a) 4o i (b)

o




3 2 -2GEa@ ¥t LR

GE= P&t engg i M F #5378 (Dry Low NOx, DLN)%+#& % (Fuel
Nozzle) ##DLN1% % $|DLN2/2.6 » # % & |DLN2+% DLN2. 6+ » &2 X %5
FHREGHEVER R LRI ER VG S g W enfE e
ALIER NG S v B2 N d fhe & & (Axial fuel staging)% 7§ ~
oo M4 ¥ A B (Circunferential fuel staging) ; 3 4v @ v ¥ 1Y
‘A EF BT e R R B # FO0IFRERT
A rrfe s B b o NOx# 2 dy ] & 9ppm o

B122 5 GE2 7 THA DLN 2. 6+t 2 532 M@ > 22 (a) 3
501F DLN%:4&% =+ §122 (b) 3 THA DLN 2.6+34ew 2™ GE= @ &
®22 (b) # F N F edhm 18 g K3r » SRR > A ki
NOx# 3z ; %ﬁﬂ PENF AT 2R ORET F 0T E T e SRS
B @ Turndown i f £ FIFHE WY 0 F RT3y 2

B jr(Air shield) » £ 3lphe 3 F & F 0 T 7o fhre & Bk 4L ,%g
WP ELFARTAnE EEs R h > ETR R TR E
F e dl(Tailored)4 &r o B22(c) & ey o et B > H sgnvp o
(Swozzle, Swirler + Nozzle)k 3 Z < i & % 2 vf 5 (ol low
swirling vane fuel injection)##fé » e 1 g R ’)’Lii'z?@‘ﬁﬁz; F
AR S 5 NOx# % 3 7 4] 25ppm o

%65 GE2 @ THA DLN 2. 6+%:' 2 2 22 501F DLN%tggs it ™ > 4
L R L S0IF e e o L R S THA 2. 6% 2 e o AR
AB0IF A% 5 3 165+ chs i 5 THA 2. 6% 7 Rl 5 2 214~18
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PBen b ROES P Akt > WU EAL of A 2N 5 AR
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GE= 7 33t i b [ de s 1 B A BRchid Ar g » o RS 3%

HAhoh FenRAz s PRI 5] M R BRI T I Fr R B 2 T

FOARRGTFEARD  BRELIFRFEHNENFHR S AL
(Tripped) S Hm 2 = 2Eif » @ F ks> 4ra 4o B Bf > g 0E 14 4
NEEZ 2p i B 0

BOAER NP ARGE R F I - B R R R
I EB 0 P HARFEF R TG BE o B EaNOx# sy A AR B

B P el g e F R S s NOxertan ] BB Y 235 B iR 2

g

LR R BT AYSE R R § hF R 600 iy NOxPE i MR £t %
LR 34 g 34 0 # f (Cold-tune dynamic) £ 4 3% # i (Hot-tune

dynamic) » # M43 F|if &3 (Fen% ¢ H Y GE2 @ ¢THA DLN 2. 6+% %
PES QAR APLREV AT H L ERNREN TR P

BEZHFREVAMAF NI DA n FIREN RS § s



Support 501F DLN
(a)

(b)

(C) Inlet Flow Conditioner - IFC Swirler Vanes
Premix Fuel
emix Fue | NY,
NGV - T/
AV e
1 == T ——

Diffusion Fuel. : i} Diffusion_'[';
Fuel Tip |,

\\\\\\

%.;:E.:.E._:’E A {
f- 7 i
Fuel Ports

F122 GE» @ e 23 B (a) 501F DLN%#%2# (b) THA DLN
2.6+ ke 2 (c)rinvf o o




% 6 GE 2 @ 501F DLN #2 THA DLN 2.6 %4 % 2 st g™ o

16, ~16" diameter Can Count 14, ~18" diameter
4,3 premix/1 diff Fuel Circuits 4, 4 premix
Higher Cant Angle Lower
Cylindrical, shorter Liner Conical, longer
Longer Transition Piece Shorter
Cold-tone Hot-tone
Dynamics Dynamics
NO,
E
P
S Acceptable Window
Lean a
Blow-Out g
<C

Acceptable Limit

Fuel to Air Ratio

B23 GEx P iEmavizita 3 BY
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IR
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J g R R (T A i B HONOX 2 CO et o BB HROR R 1KY

B 26 (b) 5 PSM 2 & %44k i 3 Turndown # Bl p 43% § &9 E 3 5 30
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15 2 OGT36 vl i® » ¥ -24,000 EOH 2 & % 32,000 EOH 5 A= % =¢
#cp 900 et £ 3 1,100 = Az i o

Yo 24 T RREFE F Y R P A 0 VR 1 5 Hanse 282 0 gt 4K
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R B SENEZ B BAEAEY ERBEE A RODVC)
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g o B gratigp ol s - A& F U S Hanse 230 0 0
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Cof R S A TBC o B 38,000 PR 0 S BV AE 2
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BE®iEs v -PSMaF
W Rl e
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PSM
Patent
Pending
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(a)

NOx, CO: Dry, 15% 02 (ppm), Combustion Dynamics

! | a .1
Operating Window | » -
l : pl
I | I ‘,,D, -
O NOx - OEM mNOx-PSM
| ® CO -PSM =

1 0CO-0EM

A Dynamics, OEM & Dynamics, PSM

Pilot Ratio (%)

® Rigmeasured FlameSheet

A Rigmeasured OEM

Rig Validation:

Turndown to

30% load, no
Tere adjustment

9
b
(b) 3
g
87
O 6
2
05 -
®
w 4 -
{axy
S
83
)
(@]
Q9
0
2

B126 PSM 2> & %2 w1 3 17 a0 @ (a) 22 B Bk (7444 vt % (b) Turndown
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40
Engine Load (%)
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(a)

(b) A

" Max Isotherm

S

=) Open IGV’s

(U n,

— D R N OGSy SO G [ I K N ]

[0) . :

o : :

QE) : :

® : : :

S ' : :

® : : :

c : : :

P : : :

w : : 2
: : >

% Load, CPR

W27 PSM = & 4t im i s et 48w E i e o R (@) s ie Rl (b)
o o 3T 40 IR R A



, =1 L5k ) P 2, ] 3 >, . 18
3T PSM & 7 e i 22 ot 1
ltem OEM PSM M501F
NOx emissions o5 Neutral compared to OEM at same IGV and same
ppm

(LOL baseload)

exhaust curve

CO emissions
(LOL baseload)

25 ppm (LOL is ~65% at US site)

Neutral compared to OEM at same IGV and same

exhaust curve

Combustion repair
interval life (CI)

8K EOH
(extending to 12K EOH)
450 starts
(per OEM calculation method)

25K EOH
900 starts
(per PSM calculation method)

Replacement life

Fuel injectors: 50K EOH
Basket: 2 x Cl
(24K EOH or 900 starts)
(per OEM calculation method)

Fuel nozzles: 100K EOH or 3600 starts
Basket: 4 x Cl
(100K EOH or 3600 starts)
(per PSM calculation method)

Combustion noise
(Maximum steady state)

3.92 [psi pk-pk] instantaneous

Same as OEM

Control system

Netmation

No or limited modifications

OEM fuel system & skid
compatibility

1 control valve

Use existing OEM skid/valves

OEM actuator

1 actuator TP bypass

Use existing OEM actuator

Bl 28 PSM o & Wt e i i@ fiplaipe O o
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