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2 CFD

CFD
3
NOx
(O
4
NOx
CDP NOx NOx
2.1 2

TM-528 (1984)
2.2 D. A. Sullivan (1976), ASME Paper 76-GT-5.
2.3 (1989) pp.104.
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NOx NOXx
NOXx
4
8
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Fuel injection nozzle
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Fuel passage

hole
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b
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Fuel injection nozzle
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Fressure difference of el passage hole

v Um !

Dynamic pressure b

Um

Dynamic pressure by dm
' ; Fuel passage hole

Fosition of Fuel passage khole

diameter, eccentric length '
Ty —

Difference ofU

Fuel from upper module

Gap

P

Fuel injection nozzle

3.4

Size of gap

NOx 2 1.2mm
133

fnterference of fuel distibution)

Screen af Up by fuel at upstream
fnterference of fuel distibution)
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Diameter of fuel injection nozzles

NOx 2
1.6mm 150 200

Eccentric length

Outer shape of fuel passage parts

Wedge
Flat Opposed

{mm)

3.5
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Position of fuel injection nozzles

2.3mm

3.8

3.6

5.7mm

3.7

7

[

\\\

3.8

Number of fuel injection nozzles



67

2 2
1
1
3.6 3.8
A Q
3.1 A 2
a
B C A
133
D E A
150 200
3.1
. Dlar_m_ater_of LIS Eccentric OIS Position and number
Size of gap | fuel injection | fuel passage of fuel A
Type length of fuel injection nozzles
nozzles holes passage
parts
mm mm mm mm upstream | downstream

A 0.46 o 0.62 a o 0.0 Wedge 1 1
B 0.31la 0.62 a o 0.0 Wedge 1 1
c 0.62 a 0.62 a o 0.0 Wedge 1 1
D 0.46 a 0.50 a o 0.0 Wedge 1 1
E 0.46 o 0.42 o o 0.0 Wedge 1 1
F 0.46 o 0.62 a o +0.19 a Wedge 1 1
G 0.46 a 0.62 a o -0.19a Wedge 1 1
H 0.46 o 0.62 a o 0.0 Flat 1 1
J 0.46 o 0.62 a o 0.0 Opposed 1 1
K 0.46 o 0.62 a o 0.0 Wedge 1 0
L 0.46 o 0.62 a o 0.0 Wedge 0 1
M 0.46 o 0.62 a o 0.0 Flat 1 0
N 0.46 a 0.62 a o 0.0 Flat 0 1
P 0.46 o 0.62 o o 0.0 Opposed 1 0
Q 0.46 o 0.62 a o 0.0 Opposed 0 1
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30

3.5

3.6 1

NOx

32

4— SE

&= SE
B

Mixture promoter

3.9




3.1 3.2
Mixture promoter
3.1 3.2 X
2
3.1 32 Y
Y NOXx
3 2 3.1
13A 5
3.2
T ¢ Molecul Theoretical | High heating | Low heating
ype 0 Composition olecuier [ amount of air value value
fuel weight
m3/m3 MJ/Nm3 MJ/Nm3
CH4:88%
C2H6:6%
13A C3H8:4% 18.9 11.0 46.1 41.7
n-C4H10: 2%
CH4 CH4:100% 16.0 9.5 39.9 35.9
C2H6 C2H6:100% 30.1 16.7 70.5 64.4
C3H8 C3H8:100% 44.1 23.8 101.4 93.2
C4H10 n-C4H10:100% 58.1 30.9 134.1 123.6
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85

15

3.3

3.3

Main Air Flow Velocity at the Fuel Supply Elements 60 m/s

Pilot Air Flow Velocity at the Fuel Supply Elements 75 m/s

Air Temparature 623 K

Pressure of Air 0.13 MPa
Total Air Flow Rate 1970 NL/min
Equivalence ratio converted to the
0.30
prototype combustor
(Natural Gas: 13A) 43.7 NL/min
Max Fuel "™ \1ethane: CH4) 50.5 NL/min
Flow Rate -
(Ethane: C2H6) 28.8 NL/min
(Propane: C3H8) 20.2 NL/min
(n-Butane: C4H10) 15.5 NL/min
2
2 CFD
50
2
60 m/s U, 75m/s
623 K 2
2.21 2.22 2
P 0.13MPa
1
1
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13A
O
3.10
623 K Rectification duct
THC o,
1.0mm 9
Air Flow | Blower €
Controller
* Rectangular Path
Electric Rectification > Fuel Distributing
Heater Duct Module
Gas Fuel Flow Pilot] Main
Cylinder | " | Controller Linel | Line
Orifice Static
« Flow meter [€7]  Mixer
\4
—»| Gas
Analyzer
“ ey .
< Orifice <« Stgtlc «— Butterfly |
Flow meter Mixer valve

The distribution of the equivalence ratio in the main

3.10



3.11 3.12

_~  Jo Gas analyzer
L (Main/Pilot)

“0rifice (MaianiiIot) T

T 5 T,
Y,

3.11

N
Main mixture

Gas sampling probe for local
equivalenceratio in the main path

2

Pilot mixture

T

3.12



3.13

(2
¢, 030
13A A 0.46
B 0.31a C 0.62a
2 A
O, 0.13 2 0.15
12 - 4
(N
(O

1.0
c 09 | | ——A
q =08 L —A—B
E=" —4&—C
£ 507
9 G>J 06 L P=0.13MPa
® = Um=60m/s
= B 05 - yp=75mis
0 P
g 04 | T=623K
% 5 03 | Fuel : 13A
% 80'2 L
g ol

0.0 A

000 005 0.10 015 020 025 0.30
Equivalence ratio converted to the
prototype combustor (-)

3.13
A 100 B 67 C 133
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3.14 13A A

0.62a D 0.50a E 0.42a 100 150
200
Qs
Qs
Qs
1.0
c 09 | | ©—A
.a —_ D
= 08 | | _m F
£ 507 |
o © P=0.13MPa
52 06 T uUm=somis
~ ® 05 | Up=75mis
8L o4 | TEeK
S c Fuel: 13A
5203 ¢
>
5 002 ¢
g o1
00 - mwo

0.00 0.05 010 0.15 020 025 0.30
Equivalence ratio converted to the

prototype combustor (-)

3.14
A 100 D 150 E 200

3.15 13A F
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3.15

13A

1.0

c 09 L | —&—A
® 08 | | OF
E = -G
£ 3507
) | P=0.13MPa
= 06 T Um=60ms
= % 05 | Up=75m/s
82 o4 | T623K
S c Fuel : 13A
= 2 03
g o1
0.0
000 005 010 015 020 025 0.30
Equivalence ratio converted to the
prototype combustor (-)
A F G
3.16
A H
H Qs
1.0
c 09 | —o—nA
ggo'g L | @—H
g 507 [ [ X
2 206 | pP013wra
© E 05 L Um=60ms
o0 Up=75m/s
2 =04 - 1=623K
= S 03 | Fuel:13A
g 01t
0.0 ;R
000 005 010 015 020 025 030
Equivalence ratio converted to the
prototype combustor (-)
3.16

A H J
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3.18

3.17

Equivalence ratio in main

¢, 030
2
3.19
1.0
09 | —o—K
%\0.8 - AL
S5 07
Q06 | P=0.13Pa
‘3 05 Um=60m/s
o] | Up=75m/s
S 0.4 | T=623K
[ .
503 | Fuel : 13A
To2 |
0.1
0.0 BB
0.00 005 0.0 0.15 020 0.25 0.30

Equivalence ratio converted to the
prototype combustor (-)

K
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1.0
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Equivalence ratio in main
region (relative unit)

3.18

1.0
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0.8
0.7
0.6
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0.3
0.2
0.1
0.0

Equivalence ratio in main
region (relative unit)

3.19

- | ——M

i —A—N

L P=0.13MPa
Um=60m/s
I Up=75m/s
L T=623K
Fuel: 13A

0.00 005 0.10 0415 020 025 0.30

Equivalence ratio converted to the
prototype combustor (-)
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L T=623K
Fuel : 13A
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Equivalence ratio converted to the
prototype combustor (-)
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3.20
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Equivalence ratio in main
region (relative unit)
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3.22

Equivalence ratio in main

region (relative unit)
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Equivalence ratio converted to the
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-61-

0.20 0.25

P Q

0.30



NOx
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3.24

THC

3.1 32 X
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O A
®, 0.30
1.0
c 09 | | —o—A
'g o 08 [ LR
507 b poiswpa
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O & 04 [ Fuel:CH4
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o €
8203
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000 005 010 015 0.20
Equivalence ratio converted to the
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3.23
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3.1 32 Z 3 X Y
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R Y O Y O
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R NOx

2.5 :
| —&— A: X=0 mm, Z=20 mm
i —A— R =0 mm Z=20 mm
O
S 20f | i
2 . .
® I
== .
g 15| | !
S I I
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2 10 ' :
=] I I
c‘ .
9 I I
® 05 | i
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S . .
] | |
0.0 ! | ! ! A A
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S 02+
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N 0.8 L i "
o
® I P=0.13MPa
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] Up=75m/s
S al T=623K
?',' Fuel: CH4
= o2 | @ t=0.30
Q
=]
_I .
0.0 L L
-05 -04 -03 -02 -01 0.0 01 02 03 04 05
Y / Height of the main region (-)
324 Y
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3.25 Z=20 mm 70 mm 120 mm 3 X

h A Y=0 mm R Y=-0.28h mm
3.24  7=120mm A R
Y Z=20mm A
THC 20
X=0 mm Z=20 mm R X
Z=70 mm Z=120 mm A R
w Z=120 mm
X -0.28w  +0.28w A 0.52
0.30 R 0.55
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X
R NOx
X
Y
Y X
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Local equivalence ratio (-) Local equivalence ratio (-)

Local equivalence ratio (-)
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25
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14
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Fuel: CH4
@ t=0.30
02
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X / Width of the main region (-)
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U

3.2 13A
13A Q¢
99 106 100 104
3.26 ot
50 || —0—13A P=0.13MPa
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£ —A— C2H6 Up=75m/s
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Z Type:A
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Equivalence ratio converted to the
prototype combustor (-)
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P=0.13MPa
c 09 I Um=s0mis
@ ~ 0.8 [Up=75mis
E c 0.7 T=623K
E 3% T1ypea
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o Jo06
s & 05
[OJJ)
O S04
S5 os —0—13A
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3 = —+—C3H8
w o1 —%—C4H10
0.0
0 10 20 30 40 50
Fuel flow rate (NL/min)
3.27
100%
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2 80% |-
=S 700 P=0.13MPa
[ ) 0 —
c c Um=60m/s
O o 60% Up=75m/s
5 D 500 T=623K
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= —0—CH4
g 2 2% ——C2H6
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0% 1 1
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Fuel flow rate (NL/min)
3.28
1.0
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~ © 05 | Um=60m/s
82 04 | Up=r5ms
S c T=623K
< 2 03
g o1
0.0
000 005 010 015 020 025 030
Equivalence ratio converted to the
prototype combustor (-)
3.29 (N
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o | —0—13A
90% n _o—cH4 i
o 80% —/\— C2H6
5 —+—C3H8
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U

100 13A
39 32
180
—0—13A
= 160 v 5 cHa
|| —A— C2H6
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'C & 190 || —=¢—C4H10
o E
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>
< 20 | ,
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Equivalence ratio converted to the
prototype combustor (-)
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Momentum of injected fuel
(relative unit)
3.33
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3.1
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3
2
4.4
6 3,240 kW
0.3
Fuel supply unit Liner
140 mm Transition piece
4.2
4.5
Fuel Supply Liner : Transition
Unit Piece

Liner (SUS310)

F

Heat Shield (HA188) Spacer (SUS310)

— Exhaust Gas

4.5
CDE A B TBC
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A B TBC
CDE TBC

2 4.6 Fuel
distributing module 4.7
8 36° 10 50°
Fuel passage hole Fuel injection nozzle
Gap
1
2
1 8
1

Fuel Distributing Module
Fuel

Swirler  swirler

uel passage hole

Main air =—

Pilot air———

4.7 2



1
A
NOx
1 NOx
NOx
NOx
NOx
4.8
4.9 3
Mixture promoter
Main Qir =— uel passage hole

Pilot air——

4.9
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NOXx

1.45

4.1

4.1
Inner Diameter Cross Section of Dilution
Combustor of Fuel Supply and Liner Cooling Air
Type Unit (including transition piece)
mm mm2
Original 74 1660
Modified 90 2390
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1

4.10 Separate ring
2
Qs
3
(P s2 (P sl
2
NOXx
1 4.11
(p (P sl
(p s2
4.11 Qg
(P s2 (P s2
100 0.5 0.6 NOx
1 1
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At Low Loads

Separate Ring /
Main Air —» EI I\—
I:ulelot Air —p HE ‘
=]
— -
Fuel Flow Velocity : Low \

At Medium Loads

Separate Ring /

Fuel Flow Velocity : Medium \

At High Loads

Separate Ring /

Main Air —»

Pilot Air —p

Fuel Flow Velocity : High \

4.10 1
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Equivalence ratio in each region

Original

0.6
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Overall equivalence ratio 0 Overall equivalence ratio
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Exit ring
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1
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4.12

4.13

Flow Expansion at Exit (Original)

N
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|

Pilot Air —»
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Separate Ring j
—>

Fuel Flow Velocity : Medium \

¢

Flow Contraction at Exit (Modified)
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Fuel Distributing Separate Ring
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\ \
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[ i l—ﬁ

Gas Sampling Probe for
Gas Analysis of Main Mixture

mro
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Separate Ring
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Back View

el Fuel injection nozzle
for outer main

uel injection nozzle

4 for inner main

BTt

Side View Center Body
4.14 1 2
4.2
A 2
B NOXx
C
D 1
2
Qs
E 2
A B 4.6
4.2
Objective | Low NOx Low Pressure Loss High Combustion Efficiency Ohters
Inner Diameter | Cross Section of First Second e
Combustor| Main | of Fuel Supply | Dilution and Liner | ) ucioavion | Modification | Flame Heat
Type Ring Unit Cooling Holes Holder -
Shield
mm mm2 Separate Ring Exit Ring
A none
74 1660 ‘See none
B attached none Fig. 4.6
none
C attached
D attached 90 2390 See attached
attached Fig. 4.13
E attached attached




CDE 4.13
TBC
2 4.15
13A 88 6 4 2
Fuel (Natural Gas)
%—;—@—ﬁ % Gas Sampling
||_, l Probe
Electric Heater @
. N é??_J 600K ‘\Eéi:iiffifﬁy/,.l___
> Ll
Compressor Heater Controller
After Cooler Cooling Water
|>lc<] Control Valve [% Needle Valve T —1 ’
ﬁ Emergency Shut-off Valve | 3] | Vortex Flowmeter <_@_ N
@ Reducing Valve | orifice Flowmeter To Atmospheric Alr | Cooler
4.15
4.16 A B 4.16
C E 4.16 2
4.17 4.18
Im
200 mm 5 2.0 mm
NOx O, CO CO, THC 5 Q .
4.10 1
413 X 70mm
1
5 1.0mm
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180° 2

50 1.6 mm

4.19 6 1 1
60°

] Liner
Fuel Supply Unit
Transition Piece
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Electric Heater
W N ‘-'

4.18

Row 4R(JW 5 Row 6 Row 7

Row 3 Row 8

At combustor exit
\ from downstream view /

\ /
50 R-TCs (5 x 10 rows) 4 Struts

4.19 o
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4.3 CDT 610 620 K
U
24 25m/s CDP 0.2 0.8 MPa
4.3
Pressure ratio - 10
Compressor discgarged temperature CDT K 611
Air flow velocity at the liner U m/s 25
Combustor exit temperature K 1330
Overall equivalence ratio
) : - - 0.33
excluding turbine cooling air @ t
Load of each combutor kw 540
NOx
NOx NOx 4.20
A CDP 0.8 MPa
¢, 0.22 NOx
50 100
CDP: 0.8 MPa
CDT: 622 K - 1 95
40 | U atliner: 24 m/s e
N 19 ¢
% O NOx A 85 2
S | NOx B T 2
ﬁ 30 O C.E)TA f:’
S CE.B {18 @
2 c
= 20 t 175 2
X 7]
O 3
Z {170 £
10 | 1 S
165 ©
0 60

005 010 015 020 025 0.30 0.35
Overall equivalence ratio (-)

4.20 NOx
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(O
NOx

NOx

0.22

0.25

0.20

0.15

0.10

1 0.05

0.00

O
A NOx 0.28
2/3 3
NOx
B
Qs
4.21
A
@«
1400
= 1300 | GBrenit
Q U atliner: 24 m/s T
g 1200 }
< 1100 | 1
()
2 1000 |
(2]
2 900 |
E
(@}
O 800 |
700 :
0.05 0.10 0.15 0.20 0.25 0.30 0.35
Overall equivalence ratio (-)
4.21

4.22
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Pattern factor (-)
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NOx B
DLE

14

CDP: 0.8 MPa oA
13 | CDT:622 K B
U atliner: 24 m/s

12

10

Pressure loss (%)
|_\
|_\

005 010 015 020 025 030 0.35

Overall equivalence ratio (-)

4.22
C E 4.2
4.23
5.0
CDP: 0.2 MPa “Oc
CDT:_614.K . D
;\a 45 | U atliner: 25 m/s o E
@
(]
S
o 40 |
=]
()]
3
& 35
3.0
005 010 0.15 020 025 030 0.35
Overall equivalence ratio (-)
4.23 C
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U

U

60

4 4.22

11
0.2MPa
1 2 1
E
C 4.2
1 D
C
2
("
413 X 4.24
100
(R
D
413 X 4.25
¢, 0.17
0.2
D
4.25
NOx
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0.9

c 08 [ Coilon
= O ¢t=017 CDP:0.2 MPa
o 0.7 } ¢ t=013 CDT:614K
'-% — ¢ t=011 U atliner: 25m/s
= < 0.6 |
c
T 204 | B i
> C = ~
=] a 03 B
8 £
C_U 02 B o - ‘__D--_._D
_____ O------ -
8 0.1
-
0.0 5
0% 20% 40% 60% 80% 100%
Main Radial Span (%)
4.24 C
Separate Ring
08 ® Gt-03
e 08 | afnidd
o 07 p s
= Z 08 L
o E ik
E .% I:I5 B F — -
= 2 04
- 03
: - — -
o T I
= Eoz2 .----EE):DZMPa
= :
(X ] CDT:G14 kK
= D1 r U atliner: 25 m& e
- |-
|:||:| 1 L * 1 N
0% 20% 40% B0% g0%  100%
Main Radial Span (%)
4.25 D
1 2 NOX 4.26
CDP 0.2MPa 1
4.2 D NOX
¢, 0.13 0.26
D ¢, 0.27 4.24
4.25
(I 0.12 0.13 (I 0.17
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100

98

96

94

92

90

88

86

50
CDP: 0.2 MPa
CDT:614 K
U atliner; 25m/s ]
40 |
AN
Oo ]
™
o) 30 }
ke |
e
Q —
£ 20 |
X
O il
P
10
O |
005 010 0.15 0.20 025 0.30 0.35
Overall equivalence ratio (-)
4.26 1 2 NOx
(psl
0.27
1 2 (6{0) UHC 4.27
CO UHC 0.13 0.26
(psl (Psz
2 4.2 E
1
2
4.26 NOx E ¢, 0.18
1
o, 0.13 E 2 1
¢, 0.30 4.27 4.28 (6{0)
UHC
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4.28

U
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(psl (Psz UHC
¢, 0.30 CO UHC
(psl (Psz
1.0E+00
CDP:0.2 MPa
CDT:614 K
U atliner: 25 m/s
1.0E-01 |
3
O 1.0E-02
0
O
1.0E-03 |
0O co/coz2C
CO/CO2 D
o CO/ICO2 E
1.0E-04 0
0.05 010 015 0.20 0.25 030 0.35
Overall equivalence ratio (-)
4.27 1 2 CcO
1.0E+00
CDP: 0.2 MPa
CDT:614 K
1.0E-01 |} U atliner: 25m/s
~ 1.0E02 |
0
O
O 1.0EO03 |
I
D
1.0E-04 | 0O UHC/CO2C
UHC/CO2 D
o UHC/CO2 E
1.0E-05
0.05 010 015 020 0.25 0.30 0.35
Overall equivalence ratio (-)
4.28 1 2 UHC
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4.29

Combustor exit temp. (K)

E 4.30
4.19
50

4.1

1400

0 Temp.C CDP: 0.2 MPa

1300 | Temp. D CDT: 614 K -
U atliner: 25m/s

1200

1100

1000
900

800 |

700

0.05 0.10 0.15 0.20 0.25 0.30
Overall equivalence ratio (-)

4.29 1 2
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0.25

0.20

0.15

0.10

0.05

0.00

0.35

Pattern factor (-)
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S5

S4

S3

S1

1 2 3 4 5 6 7 9 10

degC

W 1125-1150
E1100-1125
01075-1100
0 1050-1075
@ 1025-1050
H1000-1025
0 975-1000
W 950-975

W 925-950

W 900-925

8
Type C CDP:0.2 MPa CDT:614K U atliner:25m/s ¢ t=0.33
Combustor Exittemp. =1050degC P.F.=0.10

S1
1 2 3 4 5 6 7 8 9 10

degC

W 1125-1150
E1100-1125
01075-1100
0 1050-1075
B 1025-1050
B 1000-1025
0 975-1000
W 950-975

W 925-950
®900-925

2 3 4 5 6 7 8 9 10
Type D CDP:0.2 MPa CDT:614K U atliner:25m/s ¢ t=0.33
Combustor Exittemp.=1038degC P.F.=0.13

degC

W 1125-1150
§1100-1125
01075-1100
0 1050-1075
0 1025-1050
B 1000-1025
0975-1000
W 950-975

W 925-950
®900-925

Type E CDP:0.2 MPa CDT:614 K U atliner:25m/s ¢ t=0.32

Combustor Exittemp.=1030degC P.F.=0.04

4.30

-06 -



L NOx

CDP  0.2MPa NOx
CDP
CDP CDP
0.2MPa 0.4MPa 0.8MPa
CDP
CDP 4.31 CDP
CDP 0.8MPa
¢ =0.32 4.1

5.0

Type: E 0O CDP 0.2MPa
s | U'atiner 25mis - Cop 0P

35

Pressure loss (%)
I
o

3.0

005 010 015 020 025 030 0.35

Overall equivalence ratio (-)

4.31
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CDP  NOx 4.32 CO UHC 4.33

4.34 CDP
Pa O ¢, 024
CDP NOx ¢, 0.25
¢ .= 0.31 NOXx CDP 0.3
CDP  0.8MPa @ .= 0.32
NOx  8ppm 15 O, ("
O
CDP
CDP CDP
o 0.19 0.25
UHC CcoO CDP
CDP 0.8MPa
95 4.3
90 100
80 | 08
~ 70 | S
8 NOx 0.2MPa 96 )
3 60 | NOx 0.4MPa c
X o NOx 0.8MPa L
9 50 | 0 cEoO2MPa o 94 ©
c CE.0.4MPa 5
% 40 | o C.E.0.8MPa 1 92 g
N -
X 30 F 0
O 19 3
Z 20 g
Type: E ]
10 | cpme14K «— O 88 ©
U atliner: 25 m/s {
O I I I L 86

0.05 010 015 020 025 030 0.35
Overall equivalence ratio (-)

4.32 NOx
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0.10

0O CDP 0.2MPa
CDP 0.4MP
0.08 | oCDPO.SMP:
~ 006 |
o]
o
o 004 }
8 Type: E
CDT: 614K
U atliner: 25 m/s
0.02 |
0.00
0.05 010 015 020 025 030 0.35
Overall equivalence ratio (-)
4.33 CcO
0.07
0.06 | 0O CDP 0.2MPa
CDP 0.4MPa
o CDP 0.8MPa
. 005
o 004 |
o
O 0.03
5
0.02 | Type:E
CDT:614 K
0.01 U atliner: 25 m/s
0.00 (
0.05 010 015 020 025 030 0.35
Overall equivalence ratio (-)
4.34 UHC
CDP 4.35
CDP  0.8MPa
CDP
CDP 0.8MPa ¢ =0.32 1340

0.07
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s2

1400

-
w
o
o

1200

1100

1000
900

Combustor exit temp. (K)

800
700

O

Temp. 0.2MPa
Temp. 0.4MPa
Temp. 0.8MPa
P.F. 0.2MPa
P.F. 0.4MPa
P.F. 0.8MPa

0.05

4.35

CDP

0.25

0.20

0.15

0.10

1 0.05

0.00

0.10 0.15 0.20 0.25 030 0.35

Overall equivalence ratio (-)

NOx

NOx
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NOx

Pattern factor (-)
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CDP E NOXx

NOx

NOx

41 44
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3 13A
13A

CDT

CDT U
CDT U
CDT U
CDT U

CDP CDT
U CDP
CDT U
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4.5 6

2
NOx
1
6 1
4.36 4.37
CDP
0.7MPa Rectification Duct
Diffuser 46

Overall E.R.: ~0.33
Natural gas (CH4:88%, C2H6:6%, C3H8:4%, C4H10:2%)

Compressed and Heated Air /
Fuel TC (R 50)

7< To Pressure Control Valv
2 lgniter &R

T

N
114

Diffuser

) | IS

i H‘ H 5

CDP:~0.7Mpa(A)

CIpT:338degC U at Liner (D 143.2mm):25m/s
_Rectification | | Combustion Casing B Outlet Duct -
Duct [ iffusgr (Double Wall) (Water Jacket)
4.36
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4.38

|

Outer Casing

Inner Casing

Combustor

Diffuser screen (1D3.0-P4.0:51%)

Unit

Diffuser ~ Combustion Casing

4.39
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4.39
3.0mm 4.0mm 51
4.6 4.40

4.41 Kulite XTE-190-100A 4.42 2

4mm

Use of drain port at upstream side

& (SN
) &
dAN\E=
]/
| P Ve
f nl [ |
_ =
Rectification Combustion Casin Outlet Duct
< > <+——r <«
Duct Diffuser (Double Wall) (Water Jacket)

4.40

Drain port at upstream side

\

Em—

ePressure Sensor
Kulite XTE-190-100A (1.008m V/psi)

e AMP
TEAC SA-57 (Gain X 250 X 1/3)

eOscilloscope
Sony Tektonix TDS5054
(0.4msec x 2000samples)

3.3m X 3 parts /

4.41
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10m

TEAC SA-57
0.4msec x 2000samples
TUBE Ef;g)):: z.lf; h?;][ﬁm (4.9 _.I_ﬂ [4.3) {1830R11.)

F5lG & PO UNTS

PRESSURE REFERENCE  —3) 100 ra—40[10.2) —mr—7E NOM. OR 437 NOM“‘

i |
16 NOM,

2 0l
HEX PROFILE \-UaH"G 78 LD X MO C S
AFTER CRIMPING [4.50D. K10 C5}

COND, # 30 AWG
SHELDED CANLE TEMP. COMP. MODULE

A0 (76 LONG
3/8 HEX
"' .5 *‘

‘™" SCREEN STANDARD
006 HOLES ON 010 CEMTERS

(.15 OM .254)
(CIPTICINAL)
“SCREEM
HC) SCREEM

4.42 Kulite XTE-190-100A

4.43
1.0 mm THC 0,
2 CFD

\—Hm 1 Q(]= ID: 140mm

<<
From Pilot Wal O
IDg 1.0m —

N\

01y
Sl

From Inner Main
IDg 1.0mm

4.43
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NOx

58

Pressure Loss (%)

E 60 F
2 F
4.44 E
F 55 57
G
3 5 4.1
E
7.0
50 } CDP: 0.7-0.8MPa
e E CDT:614 K
OoF U atliner: 25 m/s
G
20 | W
3.0 : : : :
0.05 0.10 0.15 0.20 0.25 0.30 0.35
Overall equivalence ratio (-)
4.44
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4.45

0.21

¢ 0.21

Inner main E. R. (-)

4.45

0.8

G 4.11 1

Qq 0.13

4.45

0.7 f

06 |

05 }

04 f

03 }

02 f

01 f

0.0
0.05

[ Main ER. F

Main E.R. G
[ PilotE.R.F
PilotE.R.G

CDT: 614K

=
i

=
N

Pilot wall E. R. (-)

o
oo

1 0.6

010 015 020 025 _ 030
Overall equivalence ratio (-)
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4.45 G
NOXx 4.46 CO UHC 4.47 4.48
RMS 4.49 E
(p sl (P s2
¢ 0.21
NOx F 4.45 (N
®, 0.33 F
NOx
F ¢, 0.28 NOx
4.49 ®, 0.28 RMS
®, 0.28
90 100
80 | 98 ~
R
70| =
@) 19 &
X 60 | NOx F c
o) NOxX G Q2
— 5 | e CE.E {1ug ©
e o CE.F =
2 . CE.G
o i {192 €
~ et
5 30 | CDP:0.7-0.8MPa 17
CDT: 614 K 1% 32
Z
20 | £
/)
10l 188 O
0 —-. ‘ ‘ ‘ ‘ 86

005 010 015 020 025 030 035
Overall equivalence ratio (-)

4.46 NOx
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RMS

0.28

CO /CO2(-)

UHC / CO2 (-)

0.10

100 ¢, 0.33
4.49
100Hz
¢, 0.28

0.08 |

0.06 |

0.04 t

0.02 |

0.00

O e
o Tm

CDP: 0.7~0.8MPa
CDT: 614 K
U atliner: 25m/s

0.05

0.07

0.10 0.15 0.20 0.25 0.30 0.35
Overall equivalence ratio (-)
4.47 co

0.06

0.05

0.04 t

0.03 |

0.02 |

0.01 |

0.00

O e
o Tm

CDP: 0.7~0.8MPa
CDT: 614 K
U atliner: 25m/s

0.05

0.10 0.15 0.20 0.25 0.30 0.35
Overall equivalence ratio (-)

4.48 UHC
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0.24

Noise (psi rms)

0.5

04

03

02

01

0.0

U

CDP:0.7~0.8MPa
CDT: 614 K
U atliner: 25m/s

225Hz

«|| 347Hz

4 || 342Hz

337Hz

0.05 0.10 0.15

0.20 0.25

0.30 0.35

Overall equivalence ratio (-)

4.49
0.28
G NOx
4.45
NOx
F
("
4.45 F
F

4.44
F
RMS
G
021  0.29
G
1.2 G
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1.3
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U

NOx

NOx
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4.50 FG @, 0.12

E
0.15 1 4.51 ¢, 0.33

1600 0.25

1400 t
< 1020
o 1200 } ~
= N
L 1000 -
s 0.15*8'
x
:J 800 -S
= c
b F. 0.10 =
» 600 CDP: 0.7~0.8MPa PF.G Q
o CDT: 614K =
€ 400} U atliner: 25m/s o
8 — 1 0.05

200

0 ‘ : : ‘ : 0.00

0.05 0.10 0.15 _0.20 0.25 . 0.30 0.35
Overall equivalence ratio (-)

4.50

degC

W 1200-1225
W 1175-1200

S4  B1150-1175
T 1125-1150
01100-1125

S3  @1075-1100
¥ 1050-1075
0 1025-1050

S2  ®1000-1025
W 975-1000
W 950-975

S1
1 2 3 4 5 6 7 8 9 10

Type F CDP:0.7 MPa CDT:614 K U atliner:25m/s ¢ t=0.33
Combustor Exittemp. =1091degC P.F.=0.17

degC

Il 777 N\ o
W \

®1150-1175
©91125-1150
01100-1125
N \(y §1075-1100
, ® 1050-1075

’ © 1025-1050

1 ¥ 1000-1025

‘ W 975-1000
\\“‘ N l
1 2 3 4 5 6 7 8 9 10

Tye G CDP:0.7 MPa CDT:614K U atliner:25m/s ¢ t=0.33
Combustor Exittemp. =1083degC P.F.=0.20

4.51 £ G
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50

4,52 ¢, 0.33
0 100 F G
65
100%
OF
80% |- G
)
> CDP: 0.7MPa
~ CDT: 614 K
c 60% - U atliner: 25 m/s
g ¢ 033
7))
w© 40% -
'%
X 200 -
0%
-0.20 -0.10 0.00 0.10 0.20
Profile factor (-)
4.52
4.53

0.7MPa 2

0.33 0.5 1
(O G
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CDP: 0.7MPa
CDT: 614K

U at liner: 25 m/s
Type: G

Line #1 E.R. 0.23 Line #1 E.R. 0.00

Fuel —» E.R.0.11
ue >
0% Load

ER.0.33
100% Load

Fuel —»

Line #2 E.R.0.11

Line #2 E.R.0.11

4.53

NOx

NOx 3
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CDP

CDP

NOx

CDP
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NOx
NOx
NOx
NOx
NOx
NOx 3
NOx NOx 1/2
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(p s2
CDP

CDT

-120 -

MPa
MPa

m/s

m/s

m/s

m/s



-121-

TBU

17



Wakabayashi, T., Ito, S., Koga, S., Ippommatsu, M., Moriya, K., Shimodaira, K., Kurosawa,
Y., and Suzuki, K., “Performance of a dry low-NOXx gas turbine combustor designed with a
new fuel supply concept,” Trans. ASME J. Eng. Gas Turbines Power, Vol.124, No.4, (2001),
pp.771-775. 1 2

NOx
Vol.33, No.3, (2005). 4

Wakabayashi, T., Ito, S., Koga, S., Ippommatsu, M., Moriya, K., Shimodaira, K., Kurosawa,

Y., and Suzuki, K., “Performance of a dry low-NOx gas turbine combustor designed with a
new fuel supply concept,” (2001), ASME Paper 2001-GT-50.
Wakabayashi, T., Ito, S., Koga, S., Ippommatsu, M., Moriya, K., Shimodaira, K., Kurosawa,

Y., and Suzuki, K., “Performance of a dry low-NOx gas turbine combustor designed with a
new fuel supply concept,” Proceedings of the 2001 International Gas Research Conference,
(2001), IUO-05.

Wakabayashi, T., Moriya, K., Ito, S., Koga, S., Shimodaira, K., Kurosawa, Y., Suzuki, K.,

and Kawaguchi, O., “The Effects of Specifications of a Fuel Supply Unit with a New Concept
for a Dry Low NOx Gas Turbine Combustor,” IGTC2003Tokyo, (2003), TS-149.
Wakabayashi, T., Moriya, Koga, S., Shimodaira, K., Kurosawa, Y., Yamamoto, T., Yoshida,

S., Suzuki, K., Okazaki, Y., Osone, M., and Kawaguchi, O., “Performance of a Dry Low
NOx Gas Turbine Combustor with an Improved Innovative Fuel Supply Concept,” (2004),
ASME Paper GT2004-53338.

NOXx
13 (1998) pp.89-93.
- NOx
28 (2000) pp.93-97.
NOXx
45 (2000) pp.3-6.

-122 -



=

N

NOx 49
(2001) pp.23-24.

NOX 13A 16
(2001) pp.213-217.

NOx
32 (2004) pp.59-64.

NOx Vol.11
No.12 (2002) pp.34-37.

NOXx
Vol.17 No.1 (2002) pp.28-33.

Wakabayashi, T., Ito, S., Koga, S., Ippommatsu, M., Moriya, K., Shimodaira, K., Kurosawa,
Y., and Suzuki, K., “Performance of a dry low-NOx gas turbine combustor designed with a
new fuel supply concept,” Proceedings of the 5th ASME/JSME Joint Thermal Engineering
Conference, (1999), AJTE99-6449.

Yamamoto, T., Shimodaira, K., Kurosawa, Y., and Wakabayashi, T., “Effects of Pressure on
Combustion Characteristics of Conical Flameholder,” Proceedings of Asian Joint Conference
on Propulsion and Power, AJCPP 2004, (2004), pp.77-83.

Vol.28 No.4 (2000) pp.313-314.

Wakabayashi, T., “Research and Development of Gas Turbine Cogeneration Systems at
OSAKA GAS,” Bulletin of GTSJ, (2001), pp.68-69.

-123 -



10.

11.

12.

13.

14.

15.

16.

17.

18.

10-074550

10-168909

10-250057

10-250058

10-250059

11-073771

11-080829

11-086914

11-356252

11-356253

2000-041170

2000-041173

2000-139731

2000-148187

1998.3.23

3463117 1998.6.16

1998.9.3

1998.9.3

1998.9.3

1999.3.18

1999.3.25

1999.3.29

11-356251 1999.12.15

1999.12.15

1999.12.15

2000.2.18

2000-041171

2000-041172 2000.2.18

2000.2.18

2000.5.12

2000.5.19

2001-067062 2001.3.9

-124 -

2000.2.18



19.

20.

21.

22.

23.

24.

2001-242212

2004-099816

2004-099817

2004-099818

2004-099819

-125-

2001.8.9

2001-249179

2004.3.30

2004.3.30

2004.3.30

2004.3.30

2001.8.20



