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XM :catalyst surface site
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Development of a Hydrogen-fueled Combustor for a Gas Turbine at Micro-scale
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micro-machine, gas turbine, power generator, combustor, hydrogen fuel

Abstract

A hydrogen-fueled micro-combustor for a palm-top gas turbine has been developed. The liner vol-

ume of the combustor is 2 cm® that is 4 to 5 order smaller than that of conventional gas turbine com-

bustors. The basic structure is the same as conventional combustors, because the length scale of the

combustor is two orders larger than the quenching distance of hydrogen, and gas-phase reaction is

predominant. The 10 m] piezo-electric element was applied as an energy source of ignition spark, and

stable ignition was achieved. The ranges of ignition and stable combustion were wide enough to the

practical operations. The combustion efficiency was almost 100% through the operation conditions. The

liner and fuel nozzle of the combustor did not have a remarkable heat-mark after the combustion tests,

so the combustor can apply to the practical use.
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21I2E "’@ Electric Output

T,=1050°C [ 100.3 W

N
Turbine

K1 WNEFAY—EyOEESFA 2L

Compressor

P,=101.3 kPa, T, = 15°C
Wa= 2g/s

T 1 BREBERHEER CERESMD)

Fuel hydrogen
Air Flow Rate g/s 2.0
Inlet Pressure kPal 304
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Increase in Calculation Speed of Radiative Heat Transfer
in Precision Casting Furnaces of Gas Turbine Blade
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Thermal Radiation, Numerical Analysis, View factor, Furnace, Gas turbine blade

Abstract

A fast radiative heat transfer program is developed for the simulation of unidirectional precision

casting of gas turbine blade. Calculation speed is increased by incorporating three new methods. View

factors are calculated by introducing an approximation equation and simplified surface integral. The

visibility at surface elements is judged by extended plane —sweep method. For radiosity calculation in

the radiative heat transfer analysis, multiple reflection is neglected. As the result, the present algo-

rithm reduces the computation time for a model with 700 elements from 300 sec to 4 sec within accu-

racy of 3%.
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2. BEMAAHXE2—E

x£1 2002 ERRNAEEGBERECHA kW)

X4 Size |/’ Small Unit{ ## Medium Unit { X% Large Unit|] & H H
0~735 kW 736~22, 064 kW 22,065 kW~ Total
H & a—-F | B8 | B H (5% B h | B%| W h (&% B H
Application Code |Units | Qutput (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
N—AH _. FREA BL 37 4,245 43 185, 310 24 3,263,710 | 104 | 3,453,265
Generator Drive for Base Load
¥—r7o—- FREH
Generator Drive for Peak Load PL 0 0 0 0 0 0 0 0
Al =
* Fﬁﬁﬁ%’%ﬁﬁ EM 163 60,233 | 149 247,972 0 0] 312 308, 205
Generator Drive for Emergency
[l i A
Merchant Marine M 0 0 0 0 0 0 0 0
ﬁ. . B . H MM 0 0| 15 121,520 0 0| 15 121, 520
Military Marine
Fomryat A H
Miscellaneous Chemical Process PR 0 0 0 0 0 0 0 0
&« . " & XP 0 0 0 0 0 0 0 0
Education
%= il H
2 630
Air Conditioning ACD 2 630 0 0 0 0
%. » s MC 79 9,787 0 0 0 0 79 9,787
Miscellaneous
S =
H i 281 74,895 | 207 554, 802 24 | 3,263,710 512 | 3,893,407
Total
MC 0.3
MM29 _ Acpoa wMai— |
EM 609 BL 837
B4 2002 EHRRAEEGREE (%) Hs 2002 EHEHBIEE (%)

— 73—
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BEHR2—ECEEH

F£2 2002 EMBPIAESHERE UMD kW)

X4 Size |/’ Small Unit| %% Medium Unit | K% Large Unit Y]
0~735 kW 736~22, 064 kW 22,065 kW~ Total
ROE & OE a-F | &% M h (B W hH |BE | B H BRI B A
Kind of Fuel Code | Units | Output(kW) | Units | Output (5sW) | Units | Output (kW) | Units | Output (kW)
PR
Iﬂf;{:l?;eld giural Gas LNG 0 0 6 37,140 16 | 2,106,800 | 22 |2,143,940
e g
:2;;?;;¢as GNG 0 0 0 0 5 789, 400 5 789, 400
22} > \\X
5 | BROTAE A GCG | o o] o0 ol 1| 7530] 1| 75300
2 Cool gas or gasified coal gas
¥ | BLEHAT A
Liquified Petroleum Gas LPG 8 440 5 8,490 0 0 13 8,930
Gaseous # R
Fuel ﬁiﬂin Gas GTW 25 3,173 28 119, 080 0 0} 53 122, 253
a 7]"
Bgif:t Firnace Gas GBF 0 0 0 0 1 268, 000 1 268, 000
T A
THINS IR GPR | 0 o| o o o o| o 0
Propane Gas
g;iTTotal 33 3,613 39 164,710 23 |3,239,500| 95 |3,407,823
iiros;fl T 85 18,920 31 49,927 0 0| 116 68, 847
S
R Gas Oil( K 31 4,776 37 171,720 |- 1 24,210 69 200, 706
#
Liquid ?gfvir%il No. 1 H1 132 47,586 | 100 168, 445 0 0] 232 216, 031
Fuel
;;i;i LN 0 0 0 0 0 0 0 0
g:ilrotal 248 71,282 | 168 390, 092 1 24,210 | 417 485, 584
& & '
Total 281 74,895 | 207 554,802 | 24 |3,263,710| 512 | 3,893,407

6 2002 FRENEEAHEE (%)
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£3 2002 SEHBIIMASHEE OB kW)
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X4 Size /P Small Unit| ## Medium Unit | A%! Large Unit i)
0~735 kW 736~22,064 kW 22,065 kW~ Total
ﬂ"iﬁ. BE M h (B OB N (BB B B (&% W H
Location Units | Output (kW) | Units | Output (kW) | Units | Qutput (kW) | Units | Output (kW)
It # &
Hokkaido 3 1,150 3 5, 400 0 0 6 6,550
K it
Tohoku 27 8,271 5 6, 200 0 0| 32 14,471
] ®
63 23,655 | 102 193, 393 3 411,200 | 168 628, 248
Kantoh
o
56 13,701 26 74, 366 0 0 82 88, 067
Chuubu
B
Kinki 33 10, 507 20 58,053 0 0 53 68, 560
mo 2,52 | 9 19
¥ | Chuugoku 10 ,526 38, 300 0 0 40, 826
IE. 8 3,096 1 1,600 0 0 9 4,696
. | Shikoku
Domestic
Use (L 32| 10,603 12| 26,780 0 o| 44| 37,473
Kyuushuu
oM 2 1,200 3 4,400 0 ol s 5, 600
Okinawa
ﬁﬂ}ﬂfﬁ . 0 0 15 121,520 0 0 15 121,520
Marine Propulsion
i A
Marine Auxilliaries 0 0 0 0 0 0 0 0
* & 47 96 2 1, 600 0 0} 49 1, 696
Unknown
2 At 281 74,895 | 198 531,612 3 411,200 | 482 |1,017,707
Sub Total
it PN
North America 0 0 1 1,500 0 0 1 1,500
ROk
97 17 ,7 ,7
South and Central America 0 0 0 0 14 11,780,710 14 | 1,780,710
T 0 ol 8| 21,690 6| 956,800 14 | 978,490
Asia
[ 2
mo| R 0 ol o o] o o] o 0
i Oceania
51
ik i 0 0 0 0 0 0 0 0
Europe
For |IH Vi . 0 0] o 0| o 0] o 0
Export Fomer Soviet Union
R
Middle East 0 0 0 0 0 0 0 0
T7)H
Africa 0 0 0 0 0 0 0 0
* 2 0 0 0 0 1 115, 000 1 115, 000
Unknown
9 &t 0 0 9 23,190 21' 2,852,510 30 | 2,875,700
Sub Total
A =
= &t 281 74,895 | 207 554, 802 24 | 3,263,710 | 512 | 3,893,407
Total
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£ 4 2002 FHBEBMIAEECRRTHT kW)

X4 Size |/’  Small Unit| #%& Medium Unit | K& Large Unit Eof1 )
0~735 kW 736~22, 064 kW 22,065 kW~ Total
OB B B R a-F | B8 B h & W B (R B | B&| W A
Driven Machinery Code | Units | Output (kW) | Units | Qutput (5sW) | Units | Output (kW) | Units | Output (kW)
% .% B G 247 64,574 | 192 433,282 24 |3,263,710 | 463 | 3,761,566
Electric Generator
L B PRR 0 0 6 85,772 0 0 6 85,772
Propeller
Kox v 7 % 32 9,691 9 35,748 0 0] 41 45,439
Water Pump
7 B GC 2 630 0 0 0 0 2 630
Gas Compressor
%. % s MC 0 0 0 0 0 0 0 0
Miscellaneous use
& it
281 74,895 | 207 554,802 | 24 |3,263,710| 512 | 3,893,407
Total

PRR 22 W12

K8 2002 FHBEEIBMAIAESRES (%) 9 2002 FFHBEEBMBI MBS (%)

%5 2002 EMHXFHNEESHEBEOTHT W)

W X g kW) =E 4 W
Unit Output Units | Output (kW)
0~ 146 83 2,537
o B 147~ 367 106 27,117
Small Units 368~ 735 92 45,241
0~735 kW -

/gt Sub Total 281 74,895
736~ 4,412 177 310, 270
w W 4,413~10, 296 23 141,760
Medium Units 10, 297~16, 180 4 49,772
736~22, 064 kW 16, 181~22, 064 3 53, 000
/It Sub Total 207 554, 802
% A 22, 065~44, 129 1 24,210
Large Units 44,130~ 23 | 3,239,500
22,065 kW~ /gt Sub Total 24 3,263,710
= gt Total 512 3, 893, 407
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£6 2002 FERBHFAY -V HENAESEREUHED W)

X4 Size| /M Small Unit | ## Medium Unit | X% Large Unit £yl
0~735 kW 736~22,064 kW 22,065 kW~ Total
it} = a-F| &% W a8 i NS} =34 w7 B woh
Application Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)

N—2u— FEEH | BL 0 0 6 38,070 1 75, 300 7 113, 370

g Y¥—su— FRERH| PL 0 0 0 0 0 0 0

% FHEHREHR| EM 0 0 0 0 0 0 0 0

Domestic/Public Use 0 0 6 38,070 1 75, 300 7 113, 370
7N i Sub Total

N—Au—FEEH | BL 37 4,245 32 130, 650 2 335,900 71 470,795

E ¥—sn— FREH | PL 0 0 0 0 0 0 0 0

% % H % & H| EM 210 60, 329 145 241,372 0 0 | 355 301, 701

Domestic/Private Use 247 64,574 177 372,022 2 335,900 | 426 772,496
/N &t Sub Total

EWNA&# Domestic Use Total 247 64,574 183 410, 092 3 411,200 | 433 885, 866

# | N—20—FREH| BL 0 0 0 0 11 | 1,174,210 11 | 1,174,210

% ¥—z7u— FEEH | PL 0 0 0 0 0 0 0 0

% F H M % E M| EM 0 0 0 0 0 0 0 0

For Export/Public Use 0 0 0 0 1 1,174,210 11 1,174,210
/N it Sub Total

B | N—Xu—FHEEH| BL 0 0 5 16, 590 10 1, 678, 300 15 1,694, 890

gi ¥—suo—FEEH | PL 0 0 0 0 0 0 0 0

% F W H % & H| EM 0 0 4 6, 600 0 0 4 6, 600

ForExport/Private Use 0 0 9 23,190 10 1,678, 300 19 1,701,490
7N &t Sub Total

W &Et For Export Total 0 0 9 23,190 21 2,852,510 30 | 2,875,700

% N—Au—FEEH | BL 0 0 6 38,070 12 1,249,510 18 1,287,580

¥ |¥—Ju—FREH| PL 0 0 0 0 0 0 0 0

¥ HEH % E M| EM 0 0 0 0 0 0 0 0

Public Use 0 0 6 38,070 12 1,249, 510 18 1,287, 580
& Bl Total

B N—2u— FEEH | BL 37 4,245 37 147, 240 12 2,014, 200 86 2,165, 685

K |¥—ru—-F%EH| PL 0 0 0 0 0 0 0 0

& FH AR EHMB| EM 210 60, 329 149 247,972 0 0 | 359 308, 301

Private Use 247 64,574 186 395, 212 12 2,014,200 | 445 2,473, 986
a &t Total

R &t Grand Total 247 64,574 192 433,282 24 | 3,263,710 | 463 3,761,566

Note : Code Explanation BL:for Base Load PL: for Peak Load EM :for Emergency
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2002 £ # 2 2 — € RUBIERE Y ERET

v
3
Hp

ABRAGZXZ2—-E

%
3. MERAARE4—-E > 4. Big
RT 20025 —KXVy VN I—FRI7 v TV £9 2002 FHEGEAESBE A
A > —
HEAERETRAT A b (kN) X % Size o %@
H AR A5 A MR ERRRESEm | A No. of
. 53*! 1,501 Cl Outside Di ¢ | No. of Units y
No. of Units Thrust (kN) ass utside Diameter o Models
Compressor Impeller
*1 V2500 U —X (231%5), CF34 YU —X (109%) B&HEE Vo —
Excluding 231 Units of V 2500 Modules and 109 Units of CF 34 Class 1 0 100 2,744,209 84
Modules Class 2 101~ 200 14,534 30
*2 EHELBEREKZXT AR
Maximum Thrust at Sea Level Static Condition Class 3 201~ 300 377 21
Class 4 301~ 400 168 14
F8 2002ESY—FKVxy 7N/ y—KSuvy S -1V Class 5 401~ 500 88 8
L S
ERAMBUES GW) Class 6 501~ 600 157 9
X % | gwrsskw | 736kW~ | EHIIEW) Class 7 | 601~ 700 184 10
Size . Total Output
R TSR Class 8 701~ 800 27 2
Application |Unitsjy Output [Unitsy Output |Units| Output Class 9 801~ 900 131 8
2 B A ~
Fixed Wing Aircrat 0 0] 0 0| 0 0 Class 10 901~1, 000 0 0
& Fr* Tot 15, 666*° 102*4
’;;iﬁiéféZ:ﬁ 6| 3,954 60| 91,509 | 66| 95,553 L) otal
D BB 3 12
w8 ’lﬁ 55513?11 10 490 | 0 0110 490 No. of Companies which supplied Data
Aux. Drive Units
& ot ¥4 BRRVFhIFRI-E VX TH2,
l,jr tnl 16 4,444 | 60| 91,599 | 76 | 96,043 Every model is an exhaust turbine type supercharger.
ota %5 [EMREESME 100 mm % BT FEF T

*3 EmELEEERHEN
Normal Output at Sea Level Static Condition

*6 JEMBEENEI00mm 2RI TEFT

The figure shows total number of superchargers over 100 mm in
impeller diameter.

The figure shows the total number of superchargers

over 100 mm in impeller diameter.

107
2,74_4,209
10°
(] #EA% No. of Units
1051 B 25 No. of Models
15,666™°
14,534 —
104 ]
103
3% 168 57 184 131 186
102 [84—] 1 8 — ] —
30 27
21 1 . 10 .
101
2
0 0,0
0-100 -200 -300 -400 -500 -600 -700 -800 -900 -1000 &&t
Total

JEMBRESE (mm)
Outside Diameter of Compressor Impeller

10 2002 4EBEHA EABR VORI
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2003 SEREEES 2 MR E s (vli3bFIZE BEORGHY 78 BT
EmLT

TR 1549 A 12 B LR BEBRRET RERICCTIPP AT A —E a4 ¥ FREBBOHES T, 820
HBBMLUCEBINE L7,

BRI, MITREAMLTHRL ) TREF DY, 5 EREBRBEA - RESLER, KB2ZHATRBHAR —H —
THHIZEETERBL Y AR5 - OFiHEHY), FEHELZ—HTL,

AFEERMIE, BRI - - BEE - FRAY - - HEBREPCR A T — 53— E A 2B TRBIRE A R EME
B I - BEHRA 7 — - BER - XTERRELEBEL, BECaU 2 MITEIoTEY, $o&F) LA
KEZTIE L

KTT Y MNIFROBEZEDHEER - BEHE2ETIToTE ) 345, BEABRIDSS THL 012, EEiFc—%
R[EBI)EDT L THEER L IR EBRTOEHIEL LI TL,

EEFETE,OIE, ARERBHIAS—CVOBHIE TS, TR -V OHEOBRED ORFOEME TH
BLTWwWAZEFE L

BEE: - BR - BRLECORFENOHTPICIEENHIIH,ZY, ZOROEREEIERIILERT L,

R#IC, COEOREZERCEBLT, £ENICHIV2Z2WRLERRERRITRERB LUV SSETEZH0H 4 12
i, KL TBBELETFE T,

GL: ARy —E o FERES KEZRR)

OFX2HE - HEITE O

& & 2 R - &% Bt
% 266 MHT S H15712/4-5 H AR Z S BT 5
FTF Ry FEZOEDERE KERHEHEMi £~ # — | TEL : 06-6443-2073 FAX : 06-6443-6049
-HEO& - 8P HA—) | E-MAIL ! jsme@soleilocn.nejp
EBRE N F H15,12,/11-12 BABMES FBER IS
— JEAREER - FHlOILEE - AARMEMES 4#% | TEL: 03-5360-3505 FAX : 03-5360-3509

E-MAIL : kosaka@jsme.or.jp

 TT TP PP DT DT PTTPT TP PP PP TP

D ASZHE B FE ]

(E£8) (#428) (BER)=8)
B o B #cEErr) £ K #H TRExEH) B O B (BB k) BEBEIS
= o R BM=ZxET) B H OB fTRiEn) B DO & WEmx)
K B o Skeaismimees) W OK v ToRmEn) B W OL RM(EF k)
XK B £ FH-795) B FE o EGoHtmeem
AN B —(xkEmHn) S K — THBEHH)
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