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High speed generator-motor
directly connecting to a small gas turbine

e RUEE™

TAKAHASHI Norio

G RR™

HASHIDATE Yoshio

Abstract

- iy

HASHIBA Yutaka SHIMOMURA Eiji

ﬁ %*l

ARATA Masanori

iLieF 7 N

TANAKA Kotaro

Development of a high-speed generator-motor, which uses permanent magnets for field excitation in

the rotor is successful in overseas and Japan according to the development of permanent magnet and

power electronics.

In the conventional gas turbine generator set or compressor system, it connects to the turbine or

compressor through the slowdown gear, if those rotating machines can connect with each others

directly, large size reduction of equipments will be attained.

Toshiba has been developing the permanent magnet generator of 200 (kW) -53,000 (min™}). And this

paper describes its outlines.
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Emission Characteristics of Low NOx Gas Turbine Combustor
with Axially Staged Combustion

RiH R a3 RE"
MAEDA Fukuo IWAI Yasunori

X—TJ—RN:IHTAY—-Er, BEXT—-TV V7, HiBTFRAREE, LHURBEE,
BRBEIRIE, HEA A%, NOx F#l
Gas Turbine, Fuel Staging, Lean Premixed Combustion, Diffusive Combustion,
Combustion Temperature, Emission Characteristics, NOx Prediction

Abstract ‘

In order to meet the demands for the stringent NOx regulations of gas turbine, the design re-
finements of dry low NOx (DLN) combustors have been required. In this paper, the experimental and
numerical investigations on the reduction of NOx, CO emissions from DLN combustors were con-
ducted. The combustion tests were performed by using three can-type DLN combustors (Model-A, -B
and -C) that have the same design concept of axially fuel-staged combustion. The two fuel-staged
combustion was applied to Model-A and Model-B, and the three fuel-staged combustion was applied
to Model-C. The combustor dimensions (diameter, length) of Model-A, Model-B and Model-C are
¢ 360,930 mm, ¢180,7530 mm and ¢ 360,930 mm, respectively. Data were obtained for inlet air
pressure of 1MPa, air temperatures of 300 to 400C, and combustor pressure loss of 5%. The fuel in the
tests is natural gas. Combustion residence times of Model-A, Model -B and Model -C are the same
value of 20 ms. As the results, the effects of liner size between Model-A and Model-B, and the dif-
ferences of fuel staging between Model-A and Model-C on NOx, CO emissions are presented. The re-
lations between variations of premixed ratio and fuel staging on NOx, CO emissions are discussed. A
simple semi-empirical NOx prediction model for DLN combustor, which includes diffusion flame and
multiple premixed flames, was proposed. Predicted NOx emissions based on this model showed a good
agreement with the experimental data. Numerically predicted CO emissions were compared also with
the experimental data. Predicted CO emissions agreed well with the experimental data, however, CO
emissions were strongly affected by combustion temperatures, residence times and premixed ratios.
Furthermore, CO emissions decreased to minimum levels at the combustion temperature of Tfc (about
1200C) that depends on the residence time in the combustion region. These results indicate that NOx,
CO emissions lower than 10 ppmvd are possible.
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L :Liner length (mm) 930 530 930
L1 ( Region—1) 170 90 170
L2 ( Region—2 ) 510 320 760
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BOBBAT =Y v I BERTELIHERE o T b,
BHEL, 2, 3OBEMMICIZA Ty MSEMEEAERITS
N7 4 NVAEERThIT WS, Model — Bix, Mod-
el —~ALFEBIC2EDBHBAT—Y Y I FRASH,
FIZHMEIRTH D25, B, R3EH1 . 2THh b,
Model — Ci%, Model — A & ZIZ[H—~FTHETH 525,
IR 1 A2 rEl SN, PEEREHC A T 5 el g 1 oAl
N4y bFREBEHOERS 2 EBMI N, 3ERD
BB F—Y VTR TH D, T 724 Model DEJETE
KRN HE S BIREZI N TV 5,

4. MBREREE ARG E

B 3 \CEIE BRI L - B B R % R,
BB (RERAR) 1d, BEEHBRCAER, 4R7H0%
NZENHL KT RE 2 REERI & 0, FrE D 4RIl
WLER SN D, BREERIE, ZREHBECRER, Z=
RGHNBGENA NSZANN T W IEOZRBE, WE
WCHRBESER SRS, ShSDBRE, ZRIEFANY
FICEASN, LEIZLYHE LT TR A
X, BREES ZXEHAKIZE VAR h B, &
LICEBIEREET A M) I RRT, BEERB LURE, B
HHHFO 70— 74 NN, ERICBIT 2 REERE 2
OWNEBET AR FIF T3, BFEICE,
VBT X BETR B SHAH O B R L RER B EHA A
EHE P —%3WofHroh b, B, BREES T
BEH S 7 bASRRIT O, BIZFOTHICIEFELIER /X
NAO— M EHRT A AN RBEBINTWS, 5HIlS
7 DNERICIE, PRBERR IR S5 A & BHE S 2 BB O
BB AR SN, TP ARG EEHHT B A A
)T T U= THRREINT S, PEH AR,

Natural Gas

Combustion Test Rig

Compressor

Control Vaive Stack

Temperature _
Control Valve

Air Gas Turbine
Air Comprassor

3 BRI E AR

Download service for the GTSJ member of ID , via 18.97.14.82, 2026/05/20.

Liner Transition piece

Flow guide
Thermocouple rakes

. Rz 227777 QIS LEAR A S
Combustion gas %§ Measuring duct

4 BB T AN

F2 WBRSEM

Test conditions Combustor model
Model-A | Model-B | Model-C
300~350 | 300~350 | 300~400
Inlet air press. Pa (MPa) 08~12 | 08~12 | 08~1.2
Exit gas temp. Tex (°C) ~.1200 ~1200 ~1450
Typical fuel compositions (Vol.%) CH4 88.6
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(City gas 13A) C2H6 45
C3H8 54
C4H10 15
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Combustion stability of Dry Low NOx Combustor
with axially fuel-staged combustion
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Abstract

High pressure combustion tests using natural gas fuel (city gas 13A) were conducted to find stabi-
lization criteria and lean blowout limits of dry low emission (DLE) combustor for gas turbine. Data
were obtained for air pressure of 1MPa ,air temperatures of 310 to 390C and absolute humidity of
0.015 to 0.048kg/kg. Design concept of axially fuel-staged combustion has been applied to DLE com-
bustor for stabilizing lean flames and minimizing CO, NOx emissions. Simple reactor model of DLE
combustor and theoretical reaction analyses were used to evaluate experimental data. Relations be-
tween ignition delay and flame stability of premixed flame were discussed. Results from these eva-
luations are summarized as follows.

The flame stability and lean blowout limits are strongly affected by air humidity, combustion gas
mean temperature (Tdp) of primary zone (Region-1) and diffusion fuel to air ratio (@ dd). Furth-
ermore, @ dd decreases along increasing of Tdp during conditions of constant combustor exit tempera-
ture operation, and if Tdp>14007C, perfect lean premixed combustion is possible , which means
a dd=0. Main premixed flame in secondary zone (Region-2) always needs radicals and high tempera-
ture combustion gas from primary zone for flame stabilization, and If Tdp<1200C, main premixed
flame becomes unstable.
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