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A Development Story of Kawasaki Motorcycles and Gas Turbines

ABSTRACT
The task and duty of the development engineers is explained based on the severe development
experience of the Kawasaki motorcycles and gas turbines.
Key words : Products Development
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Technology Succession through the Development of Industrial Gas Turbine
*Shojiro SUGIMURA

ABSTRACT
An example of the Industrial gas turbine development is introduced for the case of Mitsui Engineering and Shipbuilding Co., Ttd.
Mitsui took an important role in the gas tirbine development in Japan for the middle size gas turbine in the industrial fields early in 19505s.
The ideas for training and education of the gas turbine engineer are also introduced reflecting on the current requirements for the Continuous

Professional Development (CPD) of gas turbine technology:.

Key word: Gas turbine development, Technology succession, CPD,
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Influence of Fuel Distribution on Combustion Performance
of an Industrial Dry Low NOx Gas Turbine Combustor
with an Automatic Gaseous Fuel-Distributing Mechanism

*Tsutomu Wakabayashi, Koji Moriya, Shonosuke Koga (Osaka Gas),
Kazuo Shimodaira, Yoji Kurosawa, Kazuo Suzuki (JAXA), and Osamu Kawaguchi (Keio Univ.)

ABSTRACT

The automatic gaseous fuel distributing mechanism reported in this paper realizes spontaneous fuel

distribution achieved by an interaction between the gaseous fuel jet and the airflow. Previously, we proved that

fuel distribution based on the automatic fuel supply concept actually occurred according to the load by means of

pressurized combustion tests using a prototype combustor. Furthermore, the prototype combustor was improved

from the viewpoint of NOx reduction at high load condition, of combustion efficiency maintenance at medium

load condition, and also of low combustor pressure loss.

This paper describes the influence of fuel distribution on the combustion performance of an industrial dry low

NOx gas turbine combustor with an automatic gaseous fuel distributing mechanism.

Key words: Gas turbine combustor, Lean premixed combustion, NOx, Combustion efficiency.
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Fig.1 Diagram of the innovative fuel supply concept
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Fig.2 Diagram of the fuel staging (division of the main region and change of fuel distribution)
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Fig.3 Cross-sectional view of the combustor and the pressurized combustion test rig
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Table 1 Operating conditions of the assumed gas turbine
at rated power

Pressura ratio - 10

Compressor discgarged temperature K 611

Alr flow velocity at the liner mis 25

Combustor eixt temperature K 1330

Overali equiva'lance ratio 033
excluding turbine cooling air

Load of each combutor kw 540
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Fig.4  Structure of the fuel supply unit
Table 2 Combustor type for testing Fuel (Natural Gas) . [53 .
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T Gap Size for | Gap Size for | Dilution
ype Inner Main Outer Main | and Liner
Region Region Cooling Air
A 100% 100% 100%
B 100% 105% 90%

U7 LSRG, BERER, 747 2 — P8, BREERR T —
VTR, BERS 7N TSN TS, BIEEROBTE K
IV F Ry ORI R Y — L OEFgH 0k
BLIzboriaoTRY 9, RER 7y — 7 ADEICT 1
T a—PERITTND, BB — v 70, EAERET
HHERARONMUr — 7L, EORNEZEE TR
BIFLR ORI — v 70 2 BREEL > TV, S, 7
A7 2—FIBWTERRHS OB — R HEIT S
DI, TA7 2a—FHOBIZ T 4T 20— PRIV —1 | LIS
PR F T FL—RO (R 3.0mm, FRE>F 4.0mm, BE O E
FHIE 51%) #FREL TV 5,

3. EREBEHLLIUVERREH
INERGERBREBORFEER 5 1TRT, ZRITEME
ICTHHEL, BRE—ZICKVRIRL, BREERZDTNBY
AR LT, BREBHI T — RV IO G SN BT 13A (A&
88%, T 6%, TN A%, THL 2%) AL,
PREERS H OERIIX AR OF 7 M3 K Ec B E T
Y, BEERH EML T AR 1 m OFEOF 7 (R
#9200 mm) NIC, MEHHICEIFRBL 5 KD ¢ 2.0
mm O ONLERFRRL CRA T 5EEDKGHD

% Gas Sampling
1 Probe
Electric Heater 1) 67)
GWWM Combustor

| - -

Heater Controller

lﬁ_@_J

Cooling Water
: l s
X | Controt Vaive 1% | Needle Vahe — €S
DR | Emergency Shut-off vave |CI51| Vortex Flowmeter H@, O —
yi:l Reducing Vaive W | orifice Flowmeter | T© ic Air | Cooler

Fig.5 Pressurized test facility

HAY L TV T T a—T BT, MBEE I TH RSy
Hratic#&, NOx-0,+CO+*CO,*THC M 5 FR53 &5 Lz,
REENRBL OSSR ¢ t ITERISNIREESED AR
MoEHE L,

BRIERB O IES E BWIZIRE T 5720, [ 3 1ORTF
LAV R—MOALE (REH S EUR A E H D254 70mm) i2
BREEIRENEHRIT A &7 T, RBEIREGIIZ A% 6 12
AT, Nl — v 7 ODRNBENSBRT UV AF 2—T7 (N
9 4nm) FBOHL, ZORT UV AF 2—T OWNEIZES]
2P — (Kulite XTE-190-100A) 230 {HT Ty, FHAIZ
A D FHEIIT 10m BEDOF Y ETFA4ERIT TS, B b
—DIERILT 7 (TEAC SA-57) CHAtEL, AL ura—7
T 7V 7 &84T -7~ (0.4msec X 2000samples) ,

BB BT 5720, AV IBRARIBEL(u
YMNEARBEZHAIL, K 4 1TRTEIZ, At
RL—N T CHEENTODAL PRI OIZIE B O
NLE (A NEENBIMANZ Ao THI 30%DALE) 12PN
1.0mm ORERFLE, /Sty MAllEL ey hE AL RN 7
FF 2RO/ A1y "RV —F A 5mm OALEIZHE
1.0 mm OEBRILERT, TRTHREFMOIBETAD
THC BLU O, REZFHIL, RATYELEBEHLL, BE

Download service for the GTSJ]  Via 216.73.216.204, 2025/07/04.



Outer Combustion Casing

Inner Combustion Casing

| Pressure Sensor

Drain port/' Kulite XTE-190-100A (1.008mV/psi)
Tube
(ID:4mm)

AMP H Oscilloscope ]

Fig.6 Measurement of combustion oscillation
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Fig.7 Load interception test
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Fig.8 Local equivalence ratio

Table 3 Combustion conditions of types A and B

over ¢t of 0.21
Combustor Type A B
Combustion Air Less More
- Pilot Less More
*Inner Main Less More
*Outer Main Less More
Total Fuel Rate Same Same
- Pilot Less More
*Inner Main More Less
Quter Main More Less
Total Equivalence Ratio Same Same
*Pilot Low High
*Inner Main High Low
-Quter Main High Low
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Fig.9 NOx and combustion efficiency
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Control of Combustion Oscillations in Premixed Combustor

—Characteristics of the Combustion Oscillation under High Pressure Condition—
*Susumu YAMANAKA(Toshiba), Toshiaki TSUCHIYA,Masanori OKAMOTO(TEPCO)
Fukuo MAEDA

ABSTRACT
Recent regulation on NOx emission is promoting the use of lean premix combustion for the gas turbines. But,

the premix combustion has occasionally produced the combustion oscillation. We already applied the resonator

for reducing the combustion oscillation at the atmospheric pressure. Then, we showed that resonator could reduce

amplitudes of the combustion oscillations by optimizing the resonator size. From these results, the controlling

system, which automatically controls the resonator volume to minimize the oscillations amplitude based on the

dynamic pressure signals in the combustion chamber, was applied to the combustor at the atmospheric pressure.

The controlling system could achieve large reduction of the combustion oscillation in wide range of operating

conditions.

To apply the resonator to the gas turbine combustor, we evaluated the effects of the operating pressures for the

resonator method. We found that the resonator could reduce the combustion oscillations under high pressures.

Key words: Combustion oscillation, Combustor, Resonator, Control, Premixed combustion, High-Pressure
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Development of Gas Turbine Combustor for Dimethyl-Ether

*Takeo Saitou, Keisuke Miura, Hiroshi Inoue, Nariyoshi Kobayashi (HITACHI)

ABSTRACT
In this research, the demonstration tests of the developed full size combustor called multi-cluster combustor
composed of cluster nozzle burners were carried out for evaluation of emission characteristics, combustion

efficiency and combustion stability under practical gas turbine operating condition from start up to base load

using full pressure combustion test rig. And furthermore, ignition and flame propagation characteristics
between two combustors were confirmed. As a result, the basis of low NOx combustion technology for DME
fueled gas turbine was established. NOx emission level is under 20ppmv (16%0,) and combustion efficiency is
over 99.9% at base load condition. Ignition/flame propagation characteristics of the multi-cluster combustor are

equivalent to conventional combustors.

Key words: Gas turbine, Low NOx Combustor, Dimethyl-Ether(DME)
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UMGT A8 Flat-Flame B4#B/NEIBRIESS D
BEKICEZDRRAFTEORE

TR AT (88K, Bk
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Effect of Space Heating Rate
on Heat Loss of Flat-Flame Ultra-Micro Combustor of UMGT

*Shoko SHIMOTORI(TMU), Saburo YUASA (TMU, TMIT) and Kana OSHIMI(TMIT)

ABSTRACT
The heat loss ratio (HLR) from a combustor increases with the decreasing size of the combustor, and it is

proposed that HLR is reduced by increasing the space heating rate (SHR). Using a flat-flame ultra-micro combustor,

the temperature distributions in the combustor was measured and HLR was evaluated from the combustor exit

temperature. These results the relation confirmed between HLR and SHR.

Key words: UMGT, Ultra-Micro Combustor, Flat-Flame, Heat Loss Ratio, Space Heating Rate
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UMGT BAF B N TEE BRI DS - PREESFESTM
*WONG SOON FONG (##HKBe), Bk =B85 (#HAHEK)

Evaluation of Thermal and Combustion Characteristics of Swirling
Premixed-flame Ultra-micro Combustor

* WONG Soon Fong, YUASA Saburo (TMIT)

ABSTRACT

For the purpose to evaluate thermal and combustion characteristics of swirling premixed-flame
ultra-micro combustor for S0 W output UMGT, a swirling premixed-flame ultra-micro combustor of
hydrogen/air with variable height (h=1, 2, 4 mm) was fabricated and tested. For h=2 and 4 mm, their excellent
combustion performance was confirmed. For h=1 mm, although a swirling premixed-flame can formed in the
combustion chamber, the flame stability was not enough wide to satisfy the design operative region. The
combustion efficiencies of the swirling premixed-flame ultra-micro combustor achieved were more than 99.95%
at the equivalence ratios of over 0.39. Heat loss ratios evaluated from the maximum temperatures at the exhaust
slit were about 16% for h=1 mm and 31% for h=2 mm at the design point.

Key words: UMGT, Ultra-micro Combustor, Swirling Premixed-flame, Flat-flame, Heat Loss Ratio, SHR,
Flame Appearance, Flame Stability Mechanism
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RO DREEA A DIEEE 5370 1 3HEH K ZVE X
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OFRBRUETT, FEED S OBH K UE
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Type K
thermocouple
(¢0.05 mm)

Center shaft
Exhaust slit

Quartz plate
Junction

Fig2 Setting of the type K thermocouple

3. EBMERLER

3.1 kKIR

Fig. 31T ABEE R & 1 mm OFRAE KK HEER
BBEBNICIERL SN2 REN R KROEEEER
(BRLHER - 180s) T, TXNTOBEEITREE
BOLEFLLR/R-IZHDOTHY | Figs (a)i. et
£ (m=0.151 g/s, ¢=0.4) IH1F 5 . MRBEEPMITERL
ENTKEDEETHD,

§ Hydrogen/Air
premixture

ma=0.151g/s, $=0.6

Fig.3 Direct photographs of hydrogen/air
swirling flames in  swirling-flame
ultra-micro combustor with an 1-mm
height. (Top view, Exposure time: 180s)

Ma ma=0.241g/s, $=0.5
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Fig.3 ()i, ZRIRBEB DR WO X REE L~
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0=0.5), ZORIILEIBRKROBENREL 2D
LB ot ZOREET m R LTV &,
ERU7ZE S RREROBEZ o7,

BREEE SN2 mm & 4 mm OBESTH Edd
BT &9 22 MR RGN,
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%%%%ékﬂmmfﬁ\?ﬁékﬁﬁ@@%
BEZS X U Flat-flame BUREERR DO B EBRBNTEE

A Swirling-flame combustor, h=1mm
@ Swirling-flame combustor, h=2mm
® Swirling-flame combustor, h=4mm
A Double-sized flat-flame combustor, h=1mm
O Double-sized flat-flame combustor, h=2mm

0.6

T T T
| | |

Stablle ﬂame1 De51$n

0.5
0.4
0.3

0.2

Equivalence Ratio, ¢

0.1

0
0 005 010 015 020 025

Air Mass Flow Rate, M [g/s]
Fig. 4 Flame stability limits of swirling-flame

ultra-micro combustors and flat-flame ultra-micro
combustors.
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Air Mass Flow Rate, Ma [g/s]
Fig.5 Flame stability behavior of a
swirling-flame ultra-micro combustor with an
1-mm height.
RANE, L2 L, h=2 mm LLETIE, m 23

ROBEICIE, PIRAKKERERBRLEERDIE D A
BV TKRNEETE S, LoL, ERMED
IR LV KREVRCFEEIZEITES DN E
Z A CiX, Flat-flame BURBERR O 1 03B TIRWVEE
BAREZTRTZ L5 hoT,
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FIREKREBROFE, 3.1 TR X T,
KEDWERIZIZ 2 >OMIERH D Z L BTz
M3, Fig. 512 h=1 mm OFE OEREEILET S
R (m=0.06 g/s) Zmt, EHRLYELSHKED
RKEWEZATIE, KRIFRERPIC L > THER
T 572, L@ ) ERFEOTRE K]IHE
RANKREEEXETHEELOND, —7H,
BRIV ESHEEDDRNE Z AT, BUELE
BDEFIIREL 25700 BUREORENX
R THEEEZOND, 65T, BWYELHE
WMTRWEHERLTLEDY, £/, h=2,4 mm ®
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DB OEINCEND R e BEMA R bz,

3.3 BRgERh=E

Fig6 &, TIRAE AKKERBRER KRV
Flat-ﬂame BUREER D, BRFHZEEE m, =0.151 g/s

BT BHREDENETRT, EHLODBRESETDH
“+é5m¢o4 BT HBEDIERIT 99.4%LL
ThHY., BREEENTREERISHHEZTNWD Z L8
EZOND E.ZDTTTINEEND L DI,
FIRA K KIERBYREEZS O Imm & 2mm 2BV T
BRIEENICARBEE L TRIETHZ L& AT
T, BREDRIZYEHIZCE S 13T 100%I
ERT D EBGhot,

Swirling-flame combustor, h=1mm
Swirling-flame combustor, h=2mm

Swirling-flame combustor, h=4mm

X b O e

Double-sized flat-flame combustor, h=2mm

100

98

96

94

92

Combustion Efficiency, n, [%]

90

Equivalence Ratio, ¢

Fig. 6 - Combustor efficiencies of swirling-flame
ultra-micro combustors and flat-flame ultra-micro
combustor at m4=0.151 g/s.

3.4 HOiRESM

Fig.7 (a)i., i DR E ORI ENLE %~ 3, Fig.7 (b)
2, BREEER X 1 mm ORFOTIRE KR TEEBR
BROHDIZBITHA2¥RFAORE S
(m=0.151gfs, g=0.4)% T+, =T, (IBEBEEK
O 113 Fig.7 @IS LTV 5, BT R DR

BN, PULEOBEE(1=0.0 mm) & RIS T A DEE

i (r=1.0 mm)H i T < r=0.6 mm £Hif TR EIRE
ERTE) RIS HIZR>TWD, 2D kiX
HLEh & FREEBE~DODBEBEEPE LN L EZRLT
W5,

Fig.7 (o)iZ. OB T 2RER K S & MHE

Unit: [mm]
Swirling-flame: 0 1 r
mg=0.151g/s, ¢=0.4 Exit slit >

Combustion chamber

Fig.7 (a) Temperature measurement position

& Position 1 ®Position 2 aPosition 3
@ Position 4 ¢ Position 5 OPosition 6

4 Position 7 © Position 8 4 Position 9
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Fig.7 (b) Radial temperature distributions at

exhaust slit of swirling-flame ultra-micro
combustor (h=1 mm) at m,=0.151 g/s, ¢=0.4
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(r=0.5,0.6, 0.7 mm)DBE % E FIAIZHB->T ((LE
(1)~ (9) DNEHET) ¥ ~_-FERE2RT, AHEMO
BESHRIT TRV EBShoTz, BbHIRE
DEEIRE=0.5, 0.6, 0.7 mm)iZ BV CTIRENAA
DOEIMOFER IV /NS, SOKBRETHLHZ L
B oTe, KEBIRE OHBIZ XV, FIRATE
EIARIZR-BIIZZEHFCR LD, 4 20
AV F—DDOEHEITEVD H D ATRENE
BHDHZEETRELTNS,

or=0.5mm Ar=0.6mm sr=0.7mm

1300
1250
=z 1200
= 1150
5 1100
2 1050
& 1000
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900

Position No.

Fig. 7 (¢) Circumference temperature distributions
at exhaust slit of swirling-flame ultra-micro
combustor (h=1 mm) at m,=0.151 g/s, ¢=0.4
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BICEHET AR, HOBi 28R T A DIRE
DACKIS LTS b LETH D, LoL,
BER A ARES A DORENR TE TRV, —
DOBREE LTHERT ADFF>E U 2L —%
RERENSEH L TEBEXOFE RS-,
Table 1 12, TG KKMKERRKER KX O
Flat-flame Bk BESR O N EREIBENOGEH LT
EEROBEREGERT, HEL, TZOBEK
HEZERO LS ICERBIREZHNTWS 2D,
ERIVEWMEZRLTWDS EEZ NS, TR
B K RIERER SRS TIE. BRBEESE S b=1 mm ©

BEOHER Y ABERBEER X h=2 mm OFFL Y
HE < h=1 mm ORFOEGEXKEE 134 h=2 mm D
RED Y4712 72 572, ¥7=, Flat-flame BRSEZR D H
ALRUEREBELNT, RESHIEZELILE
FRKRIIEE LT VR, BAMREL 1T25
RN, BHBEAROBMAZBWEL LEZ BN
5
FIRA KR IEBIRALESS & Flat-flame BUBABESR
DBEEEEZ L TAHD L, RZHETTFRS
KR FEEIFIPRBERR DI 5 BB TFEVBUR LB S %
R & M4y hro 77, Flat-flame BURBEZS NI TZRK
ENTKRITES KR CRIER2EE2E-> T
WBDIZH LT, TIRAKKIERIZABERN I
FRENTOARITBRIRE 720 KRITIMURBEREE
NHEENTE Y, WiIRE & PAEEEEE L Ol
BEOHEEITNEY, Zokn, BRI TRA
KRFEERIRBERR D ST NET VR poTD L
Ezxbhbd, UL, BHEKRIIAEER ORrERb
FROEEICRETE L, 2O RZ HIREESRIC
xt L CEME LB T A0z, HO—ADRENS
KDI-BERELEETT TR+ TH Y, REE=R
W OBEE ~DBRBRIL L2 T hidle o220,
ZOI=IT, Sk, BREEERNOIRE S K OYABE
EEOREZHET D FETH D,

Combustor type | h, [mm] | Tpay [K] | H.L.R, [%]
1 1260 1
Swirling-flame |- 6
2 1099 31
Double-sized 1 1218 20
flat-flame 2 1007 40

Table 1 Maximum exhaust exit temperature and
heat loss ratio of swirling-flame ultra-micro
combustors and  double-sized flat-flame
ultra-micro combustors at ma =0.151 g/s, ¢=0.4
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BEEE»OHEBE L RES OB R RIT,
h=1mm & 2mm Ok, THLEH 16% & 31%T
b, REATEMEVTRERIIKRED-
7=

HEE
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-, IR LTHEERET,
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Basic Characteristics of a Multi-Injector Test Combustor with a Rich-Lean
Two-Staged Combustion Method for a Hydrogen-Fueled Micro Gas Turbine

*Katsuhiro MINAKAWA(TMU) and Saburo YUASA(TMU, TMIT)

ABSTRACT

To realize hydrogen-fueled micro gas turbines with high efficiency and low NOx emission for
distributed electrical power generators, we have proposed a rich-lean hydrogen-combustor with a
clustered coaxial injector. A test combustor with three coaxial injectors arranged in a straight line
was built to examine the effects of interferences between two jet flames or a jet flame and a
combustor side-wall. An appropriate distance between the injectors was effective to shorten the
flame length and to prevent the flame reattaching to the side-wall. Clustering the coaxial jet
flames seldom affected the emission characteristics. High combustion efficiency almost 100[%]
and low NOx emission below 3[ppm16%0,] were attained in the test combustor at total equivalence
ratio condition of 0.5.

Key words: Premixed Combustor, Rich-Lean Two-Staged Combustion, Hydrogen, Multi-Injector,

Micro Gas Turbine
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Total Air Flow Rate: 0.7[g/s]
at Atmospheric Pressure, Room Temp.
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Fig.1 Combustion efficiency and NOx concentration
versus momentum ratio in the single coaxial

injector at the first-stage equivalence ratio of
2.0
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Fig.2 Arrangement of the coaxial injectors in a
can-type combustor and the detail of the
injection port
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Fig.3 Test combustor with a multi-injector
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Fig. 4 Detail of the multi-injectors
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Fig.5 Typical flame configurations in the test combustor
(Premixed gas injection velocity: »; = 25{m/s], Secondary air injection velocity: u, = 52-55[m/s])
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Development of a MGT Combustor with Mixture Injected into

Burned Gas from a Tubular Flame

*Sadamasa ADACHI, Atsushi IWAMOTO, Yudai YAMASAKI (Univ. of Tokyo),
Hideshi YAMADA, Shigeru HAYASHI (JAXA) and Shigehiko KANEKO (Univ. of Tokyo)

ABSTRACT

This paper describes the design and actual emissions performance of a combustor for a micro gas turbine (10kW) being

developed in a biomass resources utilization project. To obtain stable combustion of biomass gas, we are turning our attention to

Flameless Combustion, which can expand the lean flammability limit by auto-ignition of premixed gases. Multi-stage

combustion is chosen, in which premix gas is injected into the burned gas generated in the tubular-flame first-stage combustion.

On second stage combustion, the combustor didn’t have good performance, but it achieved 99% combustion efficiency and

10ppm (at 15% O2) NOx emissions over a wide range of equivalence ratios on third stage combustion. Increase in the number of

stages on flameless combustions can expand well-worked range of equivalence ratios. Hence, Flameless Combustion has been

successfully applied to the combustor for the micro gas turbine.

Key words: Flameless combustion, Micro gas turbine, Multi-stage combustor, Biomass gas, Tubular flame
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Table 1 Rated condition
Engine | Combustor
Air flow rate (g/s) 194 72
Inlet air pressure (kPa) 270 101
Inlet air temperature (K) 723
Outlet gas temperature (K) 1123
22 BRYEMRGERSE
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Table 2 Statistics value
Number of fuel hall | Standard deviation Range
4 0.112 0.508
8 0.142 0.478
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Table 3 Operating condition
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72 323
72 500
72 600
72 700
36 700
90 700

IO single-stage combustion & two-stage combustion ® three-stage combustion
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Fig.11 Combustion efficiency and NOx emissions
at rated conditions
Table 4 Emissions characteristics at rated condition
NOx
b G| P3| @ 1| | CE®%) (ppm, 15%0,
two-stage combustion [0.46 [0.71 [0.00 |0.20 [ {99.9 1 62.4
hree-stage combustion 0.46 [0.43 [0.30 10.20 | 9991 6.4
Table 5 Emissions characteristics
_!VAy(g/ s) | Tan(K) | two~stage combustion | three— stage combustion
72 323 0.15~0.20 0.15~0.29
72 500 0.14~0.17 Q.14~0.26
72 600 0.13~0.16 0.13~0.25
72 700 0.11~0.15 0.11~0.23
36 700 0.10~0.14 0.10~0.22
90 700 0.11~0.15 0.11~0.23
INiphots, AT —T 0 72 X A8 IEEA
BEDOMHNAZTH D LWV 2 B.

61020 BERRTHY, ERRITIIT DB
KL NOxHEHIIR 4 DX S 1T oT-.

2 By, 3 BRABED EH b b IRBESIERIT 99.9%LL i
EL TS0, NOx HFHEZE A5 &, 2 BYRBERRI I
B Y B OITTH TR, ERKREL R
S>TW5., —F3BREZ AV Z Lick Y, BERA
WBWTE NOX, ERBENRRBEL EBLCE DT
EBTDB.

# S IIZERRE, EEMEZEL S E7-BRD 2 BYR
B, 3 BORFERFOOIE NOx, ERBESIR &38R L= D
WERHAHATT. 2 TORETREDR, NOx D
B OERIIRE TH o 7228, ZERIREE 323, 500 K
BRI 3 BB TIRAXENBRLARICRBESI R 98~
9%IE T LT LE 7. WTFNOFFIZEBNTY,
3 BREEZFAWVWDZ LICL Y, KV Y B T
NOx, FRBENRZFERFIRETH D Z L2305, B
R O Y& RO TR E FROEMSKI1:2 T
HY, ARBEIHT MGT DJEV EEREGFH IS ATRE T
HHERbNAS.
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FE 1500 K fHE T 99%& 72V, 1600K LA ETHKIZ
I 100%IZ3ET 5. —75 NOX i, 1700 K £13£C 10 ppm
IZET B, 2 L ZOXRIBREIINEREOREEL S
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kX Y FRA KR LB RS O EHESHT
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FIRAEREN RIEFRFOBR T R L FIREK[DIRE N
ADBENR 1500 KiZ72D L5, BEAT R L TFRAER
DHEHRETS. ZLT, FRAKOYELOHEMZ
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DOEREHRB DM Z 1D, ROBIIBITTE D L1,
MGT DOERIFOH O Y B DEE 2B ERD 5.

T ]
EHEBER A A R AR TR AR E VRN LIRBEX
% Flameless combustion =% @ L 72K NOx, &
PREESHR 72 MGT FIRRBESS DBRRE1T 7=, AZ %
BREHZ L TRERETORBRIC L > THLNZREE
TiCELDB.
(DR L7 RBERRTR\W T 3 BRERZ VWA Z &I
XV, EWYEBHEFHICBWTIE NOX, BRI
ZEHLUTWBW=72 g/s, Tu=700 K BT 0.11<¢
13023 THRBERITR 99%LLE, NOx10ppm LAT).
(2)Flameless combustion & MGT ARRKESS TIAW

5.
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Fig.12 Combustion efficiency vs. flame temperature
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Fig.13 NOx emissions vs. flame temperature
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1700 K {ZE L= 5, FORTOYELORMEIED
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HARY—EV#RBEERICL S VOC ALHE - lRRDEHA

*E  85h, /ML IEdE (FrBEEH)
Gas Turbine Combustor for VOC Removal and Deodorization
*Hiroshi FUIIWARA, Masamichi Koyama (Niigata Power Systems Co., Ltd.)

ABSTRACT

Revised Air Pollution Control Law to reduce Volatile Organic Compounds (VOC) Emissions will enforce in
April 2006. They suspect VOC’s to be SPM (Suspended Particulate Matters) and Photochemical Oxidant. Some
VOC’s are also substantial of offensive odor. The Offensive Odor Control Law was revised in 1995 and Odor
Index Regulations is newly introduced to improve offensive odor complains. The authors tried to remove VOC
and deodorize by Gas Turbine Combustor to minimize running cost and for high removal rate. Toluene is
injected into combustion air for VOC combustion rig test and engine testing, Mixtures of trimethylamine,
acetaldehyde, propionic Acid and water are also injected for deodorization test. The combustion test results
demonstrate sufficient removal rate for VOC removal and deodorization.

Key words: VOC removal, Deodorization, Gas turbine combustor
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Development of Hot-wall Combustor for VOC Removal

*Masamichi KOYAMA, Hiroshi FUIIWARA (Niigata Power Systems Co., Ltd.)

ABSTRACT
This paper describes the development of DLE (Dry Low Emission) combustors for VOC

(Volatile Organic Compounds) removal. VOC contained in the inlet air are oxidized in the DLE

combustors. For conventional gas turbine combustors, the most of inlet air goes into the

combustor from dilution and cooling holes. Using these combustors to remove VOC, a part of

VOC will discharge without oxidization. The authors designed a hot-wall combustor for VOC

removal in this study. And high removal efficiency was confirmed by combustion tests. But high

CO emission was also exhausted. Some problems of the tested VOC removal combustor and the

modifications are also described.

Key words: VOC removal, DLE Combustor, Hot-wall Combustor
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Experimental Study of Cluster Fan Noise Suppression
Yukio MATSUDA, Shiki IWASE, Yoshio SAITOU, Hideshi OINUMA

ABSTRACT
JAXA — ISTA are developing a new turbofan engine system which we called “Cluster Fan Engine” for small light aircraft
and VTOL airplane. The Cluster Fan Engine comprises two subunit, cluster fans and core engines for driving the cluster fans.
The cluster fan employs conceptually quit new tip turbines as driving mechanism to reduce weight and cost (P.A.T.).
In the case of the cluster fan use for VTOL aircraft, it is very necessary to reduce fan noise in vertical take off and landing.
This report describes a cluster fan noise measurement and noise reduction effects of noise suppression duct which is
developed by the sound insulation materials and optimized for cluster fan noise characteristics.

Key words:  VTOL, Fan Noise, Noise Suppression
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Table 1. - Design Specifications of Lift Fan

Diameter X Height 307 mm X 105 mm
Weight 32kg
Thrust 804 N
Revolution 16,800 rpm
Tip Turbine = Air Flow Rate 0.3 kg/s
Inlet Total Pressure 729.5 kPa
Inlet Total Temperature 587.9 K
No.of Blade 90
Fan Pressure Ratio 1.07
Diameter 260 mm
No. of Blade 24

Fig. 4 Schematics of Cluster Fan Inner Flow
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URANS ZAWE=D 7 VEIRETHICELS
BEORLE - GEOBIERH

TR

—F (JAXA), O R{4E (JAST), HA #B15 (JAXA),

B #H (JAXA), K& % (IHD

Computation of Noise Generation and Propagation

by Fan Rotor-Stator Interaction using URANS
*Kazuomi YAMAMOTO(JAXA), Yasuo HORIGUCHI(JAST), Shunji ENOMOTO(JAXA),
Osamu NOZAKI(JAXA), and Tsutomu OISHI(IHI)

ABSTRACT
Noise generation caused by a three-dimensional fan rotor-stator interaction is calculated to investigate the

capability of current unsteady Navier-Stokes codes to predict complex noise generation and propagation in a real

fan rotor and stator. Issues and special cares for the calculation of acoustic wave propagation in the fan are

described. Still effort for accurate prediction is necessary, but encouraging results showing generation of

acoustic waves at the stator vanes and detail of reflection and transmission through the rotor blades are obtained.

Key words: Fan, Aeroacoustics, CFD, URANS
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Tip Clearance Effects on Loss Generation and Stall Inception of
Forward-Swept and Radial Blade Flows in Subsonic Compressor Rotor

*Motohiro IMAEDA , Takumi NATORI (Waseda Univ.),
Dai KATO, Kuniyuki IMANARI (THI) and Eisuke OUTA (Waseda Univ.)

ABSTRACT

Low subsonic flow driven by a forward-swept blade rotor has been investigated in compared with a radial blade rotor of
flow by setting the blade tip clearance in four cases between 0.25 mm (0.5% blade chord) and 1.1 mm (2.2% blade chord).
The blade tip Mach number is 0.35. In the rig test, the throttle margin of the swept blade rotor is between 65% and 40% in
this range of the clearance, with a considerable gain from that of the radial blade rotor ranging between 52% and 27%.
This gain results from a particular feature of a span-wise loss distribution in the swept blade flow, indicating that the total
pressure loss is rather low in the tip region and rather high in the mid span region. In the radial blade, the most of the loss
is caused by the tip leakage flow, which increases remarkably as the flow rate decreases. Then, a rotating stall takes place
in a flow range while the static pressure rise is still increasing, probably triggered by a short-length scale disturbance.
However in the swept blade flow, the tip leakage vortex is swept back interacting weakly with the follower blade, and the
mid span loss increases gradually as the flow rate decreases. The rotating stall takes place in the flow range where static
pressure rise is decreasing, probably caused by a modal wave. In case of the wide tip clearance of 1.1 mm, the tip leakage
flow loss of the swept blade flow much increases, and the rotating stall takes place in the flow range of increasing static
pressure rise. It is shown by a precise Navier-Stokes analysis that the low energy hub flow streaming upward along the
suction surface of the swept blade does not mixed with the tip leakage flow interrupted with an adverse pressure gradient
as a particular feature in the rear tip region. This is one of the reasons of the low loss in tip region and of high total pressure
rise in the flow range around the design point. The interrupted low energy flow grows up as the flow rate decreases to form
a secondary span-wise vortex, which causes the high loss in the mid span region.

Key words : Axial compressor, Throttle margine, Forward sweep, Rig experiment, Numerical analysis,
Loss distribution, Secondary vortex
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Fig. 1 Sweep design and stage arrangement.
Table 1 Specifications of cascades geometry (at tip).
Rotor Stator
Swept Radial

Sweep angle  deg 30 0 -
Profile DCA NACAG65
Number of blades 33 56
Chord length mm 50.18 2547
Solidity 1.47 1.26
Staggerangle deg 60.4 11.1
Inlet angle deg 67.9 39.0
Exit angle deg 52.9 -16.7
Camber angle deg 15.0 55.7
Aspect ratio 0.930 1.588
Tip clearance  mm | 0.25,0.5,0.8, 1.1 -

Pressure rise y,,.
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swept and radial blade rotors.

Download service for the GTSJ Via 216.73.216.204, 2025/07/04.



Section- Mid pitch

Fig. 3 Level of eddy viscosity v, ;
Swept blade, £=0.7%

Nikuradse DIEAERAS @A L7,

B v DDA & Fig3 1R T, — Y U THER
BRRREL 2oTHY, Bimith & OBReF
BreIhs. ANEABESORELHE T
DUENRDHD. £, KT TIX, LTI
R L HRET I EDE TTRAMICHE
BT5ZLicy, IHCERE CRELZRE
HEEAC _ROMOIEEFEEPREL, ELREY
FRICRFEHZEL T\ 5.

B OHBER TR I DM EFig4 R LTE
. ZZT, u p u, vizEREhEEEER 5
ViE, BEMERRSMEERE BEEEER X UEHRS
¥EEFKT. BEEEPS. EAFEMES.S. OBFER
(G2), BLXUONTHE T — v 7 HOBEEER (K2,
k60) IZHB T B y IX 4T/ E .

4. RERBEVREES S ULEREXSH
FKEMREOBEBIZAn y ML=—V v (TMP &
B, ERTHELMER Fig5 ™7, ZIT,

80

70
60

E

Throttle Margin %
&

0 0s 1 1.5 2 25 3 35
Rotor tip clearance / Chord %
Fig. 5 Measure throttle margin depending on tip
clearance compared with GE data

LELELILJ
g
=
&

H-type grid on

= C . passage walls
~ 0 L L1 3 3111l 1 L1 i 11113
ﬁ 1 10 100
8 :
: F
6 F e
4 E ......................................
2o
C 2 around blade
0 L L1111l L L L L LlisL H Al Ll albl
0.1 1 10 100
y+=yu /v,

Fig. 4 Least grid size normal to wall

k ¢
TM =2 _1)x100, k=——
G, ~Dx100, 3

1
y'= C”TMZ' Ass 1|7 21
1/2V,,, |\ P

L, ¢: HEEE, v EORE CEE
H#, T ARRE, V,, c$RE®E, P, ARE
71, WFDP, SPIXRHARVRERERT.
AL —TRTIEXTMERTZ T 4 TVRIZH LT
15% REEL, TOEBFKEIE»RVILREINT
W5, REBEBRREIT e=1.5%fHET/hE< %
D, A —THRIFFEINTZDR, £6=22% TILT™M
BIMETL, 554 TAROERBIGESER S
Role. 2B, BEMRIXSEEIE B OB RIS
L, AA—7RTIIEEOIERFMED X 0 IEW
BIRERE THERET 5.

GE#H TORRIZRLTEL. GEBR-1 T3,
FHRBAHEOBRIZELIL, A —TROKE
HEITIZEFACERE 2D, GEBIR -2 TiX, 7

0.2 ‘ :
- Rd-0.5%
:‘) - '
S F Sw0.5%, g
oas |- . A\ N
[+ - ' . y
- - P
L 23
g 0.1-“":'_’<37_: 777777777777777777777
g FRstall | gy.0 20
g - ;
(2] L T NN ]
s 0'05: & N.S.-Swept
& [+ X N.S.-Radial :
o_lllllllIllllllillll'llll

0.1 0.2 03 04 0.5 0.6
Inletflow ¢=C,/V,
Fig. 6 Rotating stall point on total-to-static
pressure-rise diagram

Download service for the GTSJ]  Via 216.73.216.204, 2025/07/04.



PC3

51%

Omod, (ot : Speeds of
modal wave and rotor

Wall pressure

Veell, Vb tip : Speed of
stall cell and blade Vol

~

i

1% 00 EB%

Veell | Vhtip ~ 48% =~

NN WU WU WONU N NN NN NN N N N TP | i [ -

Trev : Cycle time of 15
rotor revolution

25 30 35
Dimensionless time T/ Trev

Fig. 7 Modal disturbance leading to rotating stall at stall onset of [ Sw-0.5%]
in case of swept blade rotor. One cell stall is shifting to two cell stall.
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Reynolds Number Effect on Cascade Characteristics
-Development of CFD Method for Widely Ranged Operating Conditions-

*Taiki KODAMA (Univ. of Tokyo), Toshinori WATANABE(Univ. of Tokyo),
Takehiro HIMENO(Univ. of Tokyo) and Seiji UZAWA(Univ. of Tokyo)

ABSTRACT

Toward highly accurate flow analysis for study of Reynolds number effect on cascade characteristics, a numerical method was
developed, which method was capable of flow simulation for widely ranged operating conditions. The developed code utilized
the CCUP method in which both incompressible and compressible flows could be simulated in a same way with high-order
accuracy. Baldwin-Lomax turbulence model was incorporated so far, and turbulence transition point was determined based on
the suggestion by Baldwin and Lomax. Flow simulations were performed on single blade configuration as well as a compressor
cascade composed of C4 blades. It was verified that the developed method had capability for wide ranges of Mach number and

Reynolds number, though further progress should be done for more accurate simulation for the cases with shock wave and

boundary layer separation.

Key words: Aerodynamics, Cascade Flow, Reynolds Number, CFD, CCUP Method
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Tablel Flow Conditions for Study of Mach Number

Effect
Mach number |  Velocity [m/s]
0.141 48.39
0.299 102.61
0.517 177.42
0.717 246.06
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Table2 Flow Conditions for Study of

Reynolds Number Effect
Re Density[kg/m’]
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Table3 Cascade Property

Profile 4
Chord length 152, 4[1mm]
Camber angle 20(deg]

solidity 1.0
Stagger angle 34[deg]

Table4 Flow Conditions for Cascade Flow Simulation

Re Inlet Velocity | Inlet Total
470X 10° 46[m/s] 1.02000 X 10°[Pa]
136X 10° 13.3[mvs] 1.01378 X 10° [Pa]
8.19x10* 8.0[nys] 1.01329 X 10° [Pa]
5.86x10* 5. 7[m/s] 1.01315 X 10° [Pa]
3.18x10* 3.1fms] 1.01304 X 10° [Pa]
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Fig.9 Snapshot of Total Pressure Loss and Stream Line
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Numerical Flow Analysis of Thrust Air Bearing

*Minoru ISHINO(TCRDL) and Hiroshi UCHIDA(TCRDL)

ABSTRACT
The air bearing technology is important to improve the emission and oil consumption of the turbocharged engine.

The compliant foil thrust air bearing having the damper with the original shape has been studied for the oil free

turbocharger. The effects of the clearance distribution between the bearing surface and the runner surface of the thrust

air bearing on the generated pressure distribution and the load capacities of the bearing have been analyzed by use of
3D-CFD. The thrust air bearing with the foil carved a shallow squared groove at the leading edge of each load surface
was designed from the relationship between the clearance distribution and the load capacity. The numerical results

estimated the load capacity about the foil bearing with the groove indicated 2.5 times as large as the standard one

without groove.

Key words: Air Bearing, Compliant foil bearing, Thrust bearing, CFD, Turbocharger

1. [FCHIC
FANEERLRVBEETMZIX. 7V —T
ZEED/NENT LB T, BESLTRILY
—MIEDRRRERDO—D L L TERKEMZTOR A
FHThs, F—RERICBNTER#EZOEA
{EBRFLEA TN, MEENOBREZFE
3% ACMs(Air Cycle Machines) D#liZ CH v | B
FRXERAOEZEIMEBTERRH DO, £z
Capstone #® MGT(Micro Gas Turbine) Tix A A
VIFURATZ Y -0z E LTER SN, A
ENTWVABEZS#Z ORIV b, R
BELRRSAWREIBEV T + A VBN E#
OO TH B, X HIZAIEET LV Th 53, Mohawk
X7+ ANKETBZERNZF —ARFr—
¥ % NASA LHFTHRELARL TS, #—&K
Fx—V ¥ OLEKEZT OB L, WAL ER
L. @V oREREERmET S, &6
KAANVRN R EICERT = vy a VIEI
LAY THD, SEIBHERI—FRF¥r—TV ¥ D
AT A NBEERMZOARNENM EEZBENE L
T, AT R MNZ ORI OBMEMNT 2 Fht L 7=,
W AWEORESAN R T X NZDOE SR
RLNCARMEREICRIETHELMRITL, 8T A
FMECFTEDCHELRIT 5 Z L TRV MZARED
DEBLNBZT L E#HALMII L, '

2. 744 NABEESHT
BTSN3 i CEXAATTES ZEMRE L

%3 3EHAF—V U EHERS
RO, 2005.9, ()

Download service for the GTSJ  Via 216.73.216.204, 2025/07/04.

TWZOAMEX X 8% T, AMENNEL.
THEBIME LBV 7 A AR 2R Lz, — &
W72 7 4 A VREZ OWE % Figl 1T, B
AT A RGP —OREEZT8ZEN,. ¥
VW (Top Foil) TIERL S 4L, BREZBBERO 7 +
AV (BumpFoil) TXx2#EL2>T35,
Bump Foil iX Top Foil & A#EHIZXZTW5D, €
D= ORESHEBARTITIECTERL, ZOKRHE
SAVBBE SN L S WZEPSEERO#S K
D EVARRENERET B,

Y- Generated Pressure

Fig.1 Compliant foil bearings

TAANKNBNEES WS 2 A L2 —FRF ¥
— ¥ OEIZHER % Fig2 IORT, #—E o
PHTAEHDAT R NIV HRlICED
B L7, TopFoil #X % 5% v/ iR Fig.1 D
I Bump Foil TiEA< Fig3 WWrRT X%, &
RICEHEZZBEIZEB LAY DFAERE LT,
ZOF R ZEORRI LRI L HDVIIHRE



TE2HHHICE X D Z & T, TopFoil 2% % 2587
ORI E B S EIENTE, RFEHER
B, BZMEOBEENES T, RIBHELSE
W ENOERY R ER G,

Thrust Air Bearing Thrust Runner

Turbine Wheel

D36

{ Thrust Damper ]

[ Journal Damper ]
Fig.3 Shapes of air bearing dampers

3. ®hoBEfRy

H—RF ¥ —T¥L, F—Erraryrvy¥
ENENICBL MO BEBESEG TRELELL,
AT A MZOEERKRE N, I THRVARRE
NERTHATA MZBREBRRT D720, A
7 A MNWZENEB ORI BB E TR LT,
3.1 A

BEMATICiX, W7 ) r—varo
STAR-CD % iV iz, ZERMS O%E . JENMBRE
THEIBIIFEEICHLS, WHDZY v FY =X
L—Z WG E, EXBOTEZREELTS
TOHEBRTENEL RV TES, 8T 0OX
Stk BRRE ARG A—F L LTHEBIEETX 3
TEEEMELT, RS A MNSZHHOHERKF
EX 70 77 hEER L, A7 075 A THER
L7=A5 R M CFD #rE 571V % Fig.4 IoR
o MTEETNVIIAMBRAERAVID, WA
OB THOHELEZERD 1 /4R ER-T
W5, e T —0B/NEEIZ 10um T, =
nE 5 5B L CHEBFZIER. BREFmMOR/N
BFEEEI2um Thd, —HF#MSZAMEOEES
MBI VEAFMOBFRIEEBE um TH D720,
2 BRI OO BB T 1 X BRI O 3 JE B IV VAR
Lo T3, EXOMEIV—F 2 FoX%E
AL, BlRE LTHESMEZHELE,

JR———

{PB; Pressure

mn¢mJ

L —

Center of Shaft

The Sum of
Fluid Cells : 77200 [pg

St

Fig4 Computational grids for 1/4 sections of
thrust air bearing

3.2 WRAGHRNMMXOERMBH
[EZEZEZOMERENLEZL T, UTD 3

RICEH L=,

1) WSANMEICEAINIZERE

2) B®EHRA LV FOARE EOMNE

3) AWEICEAINEZKEORN

UTTi, LEBERCEERTH ET LT

F— ORI OV TN LT R 2R3, Figs X

BRF L -2 RN 2R3, Figs ISR TR &

fi 4 BE(R A~DYD O b 1 ERTE T T o —& o

BfEZ 30um & L, BV 3&FT% 10um OFRRE &

35 4FF/)V (Tablel) IZOWTHELZEML., 4

B3 <T10umDRX—REFT )L &KL,

Fig.5 Locations where the effects of clearances
are estimated

Table 1 Setting values for the clearances of corner (um)

Comer A B C D

Base Model 10 10 10 10
Model A 30 10 10 10
Model B 10 30 10 10

| Model C 10 10 30 10
Model D 10 10 10 30
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[Calculating Conditions]
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Fig.6 Calculated pressure distribution for Base Model

[Calculating Conditions}
Shaft Speed ; 160000rpm
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(D) Model D
Fig.7 Calculated pressure distributions of each Model
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Fig.9 Calculated pressure distributions
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Fig.10 Constructions of compliant foil bearing
with groove
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[ Calculating Conditions )
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Fig.14 The effect of the groove shape
on the load capacity
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Numerical Investigation of Flow Phenomena between a HP and a LP Turbine

*Masaaki HAMABE, Ruriko YAMAWAKI , Hiroshi HAMAZAKI and Haruyuki TANIMITSU(IHI)

ABSTRACT
With the high loading of a HP (High Pressure) turbine, it is increasingly necessary to take account of the

interaction of the HP turbine and a LP turbine located downstream in a design of these turbines. In this study,

complex flow phenomena between the transonic HP turbine and the LP turbine are investigated using

three-dimensional unsteady (time accurate) RANS

(Reynolds-Averaged Navier-Stokes) simulation.

Analysis of the unsteady flow field resulting from the simulation shows that blade trailing edge shock waves

interact unsteadily with the LP turbine first vanes. And the analysis shows that a main factor of loss generations

within a transition duct is not the shock interactions but a mixing of vortices from HP blades such as wakes,

passage vortices and tip-clearance vortices. Meanwhile, within LP turbine first vanes, the analysis shows that a

steady effect arising from the upstream HP vanes wakes and an unsteady effect of the HP blades wakes, vortices

and the shock waves vary inflow conditions and strengthen secondary flows and result in a loss increase.

Key words: HP turbine, LP turbine, transition duct, interaction, unsteady RANS, shock wave, vortices, mixing
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Single Rotor Blade Row with Multi Stage Tip Turbine (3rd. Report)
*Shiki IWASE(JAXA), Yoshio SAITO (JAXA)

ABSTRACT
Numerical simulations of the single rotor blade row with multi stage tip turbine were conducted to
investigate a dependency of enthalpy drop on a bulkhead positioning of the tip turbine. When
leading edge of a rotor blade comes close to a stator blade which separates inlets of high pressure
turbine(HPT) and low pressure turbine(LPT), a bulkhead which separate outlets of HPT and LPT
should be placed with distance 2L toward the rotation direction of the rotor from the trailing edge of

that rotor blade, where multiplication of a rotor speed U and mean blade passing time T of fluid led
from HPT stator makes L. If the bulkhead is placed appropriately as mentioned above, the enthalpy
drop of the tip turbine increases at a border where the turbine rotor blades proceed from LPT to HPT
with time. While at a border where the turbine rotor blades proceed from HPT to LPT with time, the
displacement of bulkhead should be zero instead of the 2L.

Key words: Tip turbine, Cluster Fan Engine, Computational Fluid Dynamics, UPACS
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Fig.2 The fan driven by the tip turbine.

Table 1 Specification of the tip turbine.

[ElEx#HEE (R PM.) 16800
& 0.3kg/s
AOEE 729.4kPa
pN=E 587.9K
NTHER 271mm
#E HEE 21mm
5 5.0mm
B 90 ¥t
B3R Bk 15mm
TR 5.6mm
Bk 90 ¥

2nd. stage(fwd) ﬂ 15 Sta 2nd. stage(rev) High temperature

i Low temperature

Fig.3 Distribution of total temperature.
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Fig.4 Schematic view of pressure distributions at
the border between 2nd. stage(rev) and 1st. stage.
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Fig.5 Schematic view of pressure distributions at
the border between 1st. stage and 2nd. stage(fwd).
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Fig. 6 Schematic view of pressure distributions at the
border between 2nd. stage(rev) and 1st. stage

with new arrangement of the wall “W”.

1st. Stage inlet S 2nd. Stage inlet(Fwd)

Rotation direction

= 20

Medium Pressure
1st. Stage exit

Low Pressure
/2nd.smgeemqud)

Fig. 7 Schematic view of pressure distributions at the
border between 1st. stage and 2nd. stage(fwd)
with new arrangement of the wall “W”.
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Table 2 Total temperature, pressure and mass flow of
tip turbine.

T P G, C..

OPT | 5182 | 3740 | 273 | 1.40

CASEA TPT | 4670 | 2249 | 100 | 132
HPT | 5136 | 3732 | 275 | 164

CASEB [[PT | 4857 | 2539 | 0763 | 1.86
HPT | 5153 | 3775 2 75 156

CASEC [TPT [ 4774 | 2413 221

Fig. 9 Distributions of relative velocity vectors inside
tip clearances (CASE A).

i

Fig. 10 Distributions of relative velocity vectors inside
tip clearances (CASE C).
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Fig. 11 Distributions of a total temperature.
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Fig. 12 Enthalpy drops of the tip turbine.
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Study on Aerodynamic Characteristics of Notched Wing for Windmill

Masakazu EGUCHI, Susumu ISHII, Masaaki HIRAMOTO(Nihon Univ.),
Tsuneo NOGUCHI(CYGNUS MILL Co.), Takanori HIRANO(Takushoku Univ.),
Hideo TANAKA(Emeritus professor of Univ. of Tokyo) and Ichiro FUIIMOTO(Takushoku Univ.)

ABSTRACT
In order to improve the starting characteristics of the vertical-axis wind turbine, a new shape of wing (notched wing) was
examined. This wing is shaped so that rear part of the pressure surface is notched. The wind tunnel test was performed for two
types of test wings. One is the G6801 type wing and another is the G6801 type notched wing. Rotational energy was
calculated in quasi-steady state with the measured surface pressure. It is confirmed that the notched wing is useful

to improve the starting characteristics.

Key words : Wind turbine, Notched wing, Aero dynamic characteristics
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Fig.2 Test Wing

G6801 Standard wing

Fig.3 Wing Section
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Fig. 4 Flowchart of Measurement System

—108—



24 HEREH

4B Go801 BUE L Go801 LI R B 2 fEMH
OREENHBPNZIT > 7=, EBREME % FTREIZiE T,
7B, EFEEZXEFERE LD (L5 50 nmo
i) CHRBLEE N—FZ2HAVWCHIEL, &
BREMIITRROBY TH D,

LA JVRE : Re=1.0X10° (2 ZC Re=U-c/v,
c:EYE, U.EEE)

YT Y T 200

YY) v TRERIERR : 0.01s

AR a=—30° ~+30° (1° &)
a=150° ~210° 1° A &)

a=30" ~150° ,210° ~330°
(5° AH)

3. ERERRUESE
HELEREEANS ., BURIEH- Y OHBH

gﬁ‘ﬁ CL &ﬁjﬂ%‘f\ﬁ CD %fjkbbf:o

_P-P,

1
- U2

5P

C,=[c,-d)ic

[

Cp

Cp = [Cp-dS)le
C

ZZT, PEEESN, PoERFETH S,

A 0° ~360° (ZxH9 D C, Cp DE{L% Riegels
DEBERY LEBRFA LIS, BXbh oD
WD HBEL T A AR TIT, AEBRERIC
REBREBEVRRONE, ZOREEZHZLZA
FlEEZ A L2 DAGE TR, tREBEORRHNE
Ricxt T 2 BREERELEBRREIRY, TOHEY
RIZ X0 BEYRH O OFE & A FRBREL L T
BT ENGhotl, FZIT, BEbY ORNIF
BT 2 HAHEBAD CL & Cp DIEIX. Riegels @
NACA0012 BB DOERTF—# Ve fAndo e L
7o DFED, KETITa=—30" ~20° KWa
=150° ~210° OHEFAIIAEBRERZ, Tl
DA I Riegels DEBRFER V4 AV CHET
1To7=,

31 EHFRROLE

Fig.5 (238/ 180° fHTizB it 2 BEE DE 4%
iz, Go801 BUE L Go801 BUEN /K & BITHOVWTAR
T, BRI ER TR E xe. HEEIIE DR
C, THDH, ZOAARATIX., MhIIREZ LM
HHEgEFmERoTWS, BERD L. G601

R - A4
O /” - \V
= v

0.5

0 / Y- -

-~®-- standard 150°
--4--standard 165°
--w-- standard 180°

—Oo— notched 150°
‘ —2— notched 165°

| —o— notched 180°
| i

02 04 06 08 1

JUJ
: .
x/c

Fig.5  Pressure Distribution of Lower Surface

BB (standard) Tix, BEZFENZIE S NREHS
&> TVBHD,Go801 YR & B Tid.x/c=0.4
TRATRRM & HEM & TREFERSMER->TE
D, YIREDBRVWBEICHESRTRERBEVBRD
N5, T, x/c=0.4 HHEGRNEIRE &7
TWBHD T, UIREDEEIIBRE®EENHHIC
RKESKRDONTWABZ ERDND, FEMICRS &,
x/c<0.1 DOFFHTIX, CIREDEBITIIEALRS
IR, 0.1<x/c<0.4 DFEFHATIX, YIREDRVE
BICHART, YIREDHBHFEDFTNEIIEL
RAMAER LTS, BT x/c>0.4 OFFH TIT,
GIREDOFEBZLY, EHNIREZLOHA &
DHEL RBERERLTND,
32 E®ARA

Fig6 ([CRZRAEICI Y T 2HE0ORBTOHR
HERT, BROEZHLOLEBREOHEE & A1
BTEEINLTWS, BlEmoERAm e RES
MEDRTAZINAR, BRFBMON%E Cr, £

6 =0°
Cr

A

0 =180°

Fig.6 The Model of Wind Turbine with One Wing
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Development of a micro gas turbine system for low-calorific value gas fuel

*Yoshifumi Nakashima (Tokyo Univ.), Yuji Mori (IHI), Shigehiko Kaneko (Tokyo Univ.),
Tatsuo Watanabe (Tokyo Univ.), Yudai Yamasaki (Tokyo Univ.)

ABSTRACT

In this study, we have geared toward constructing a micro gas turbine generation system that uses
low-calorific value gas obtained from biomass as fuel. As the composition of the gas obtained from biomass is
dependent on the kind of resources and conversion methods, gas turbines should be able to operate with various
kinds of fuel. The objective of this study is to construct an experiment installation for investigating the fuel
composition influences to gas turbine performance and operation. The installation is composed of a micro gas
turbine, a fuel supply system to generate low-calorific value gas with various compositions and a measurement
control system. As a result of this study, it turns out that in only limited operating condition, the secondary fuel
can be used due to a mismatch between the combustor design condition and actual operating condition.
Key words: Micro gas turbine, Low-calorific value gas fuel, Construction of system .
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Tablel Rating condition of combustor

Combustor inlet pressure 270kPa (MGT)
101kPa (atmospheric test)
. 194 g/s (MGT)
Air mass flow rate 72 g/s (atmospheric test)
Combustor inlet air temp. 388K
Combustor outlet gas temp. 1123 K
Equivalence ratio 0.325
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Improvement of Micro Gas Turbine Performance by Steam Injection
*Toshiaki Tsuchiya(TEPCO),Masaniori Okamoto(TEPCO), Umeo Inoue(TAKUMA),
Kenichirou Mochizuki(TAKUMA)

ABSTRACT

The rapidly changing marketplace for utility energy services is opening new opportunities for the nation’s heat and power users to reduce
energy costs, increase power quality and reliability and reduce environmental emissions. Because of their compact size, modularity, and
potential for relatively low cost, efficient, and clean operations, micro gas turbines are emerging as a leading candidate for meeting these
needs for electricity and thermal energy. Industrial interest in distributed generation technologies such as micro gas turbines and
reciprocating engines is rising because these systems can cut power cost and boost reliability while lowering overall emissions. Micro gas
turbines offer a number of potential advantages compared to other technologies for small scale power generation; for example, a small
number of moving parts, compact size and light weight, multi-fuel capabilities, and opportunities for greater energy efficiency, lower
emissions, and lower electricity costs. The market potential for existing micro gas turbine products is significant and the potential market
could increase substantially if the efficiencies of the existing designs are improved. One of measures to improve thermal efficiency of
micro gas turbine is the steam injection system with heat recovery steam generator. Performance tests have been carried out successfully
for the steam injection into a micro gas turbine (Capstone C60). Test results show that key performance parameters such as power output,
thermal efficiency, and emissions are improved substantially by the steam injection. The stable operation of micro gas turbine has been
confirmed under various operational conditions with steam injection.

Key words: Micro gas turbine, Heat recovery, Steam injection, Performance improvement
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Table 2 Specifications of Capstone C60

Qutput Power 60kW
Efficiency(LHV) 28%
Emissions(NOx) Below 9ppm (15%02)

Dimensions 0.7W x 1.9L x 2.1H (m)
Weight 758kg
Noise Level 70dB (10m)
Rotational Speed 96000rpm
Exhaust Gas Temp. 305°C
(at Full Load, ISO Conditions)
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Test Operation of Micro Ceramic Gas Turbine

Norihiko IKI(AIST), *Yoonhwan Lee(AIST), Hiro Yoshida(AIST), Satoshi Sodeoka(AIST),
Takahiro Inoue(AIST), Takayuki Matsunuma(AIST), Masato Suzuki(AIST), Takumi Ebara(AIST)

ABSTRACT
A series of operation tests of a micro ceramic gas turbine has been successfully carried out. The baseline
machine is a small turbojet engine (J-850, Sophia Precision, Co., Ltd.) with a centrifugal compressor and a radial
turbine. Inconel 713C alloy turbine rotor was replaced into a ceramic rotor (SN-235, Kyocera Corporation). The
Inconel turbine nozzle and casing were replaced into the ceramic parts (SN-01, Otsuka Ceramics Co., Ltd.). The

ceramic nozzle and case is supported by metal parts.

Through the tests with ceramic nozzle, it transpired that one of the key technologies to develop ceramic gas

turbines is the design of the interface between the ceramic components and the metallic components, because the

difference between the coefficient of linear thermal expansion of ceramic and metal produces large thermal

stress at their interface at the high temperature condition. A metal ring spring was inserted at the interface
between ceramic and metal. This engine operated for 6Sminitues at the condition that the turbine inlet

temperature was over 1000°C.

Key words: Micro Gas Turbine, Jet Engine, Ceramic Component, Test Operation
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Table 1 Specifications of baseline J-850 engine
Compressor Single centrifugal
Turbine Single radial
Combustion chamber Annular
Maximum thrust 8.0 kgf (17.6 Ibs)
Maximum rotor speed 130,000 rpm
Maximum airflow 0.15 ka/sec
Pressure ratio 2.70

Maximum exhaust gas

800 °C (1,472 °F)

temperature
Full Throttle Exhaust Gas 750 °C (1,382 °F)
Temperature
Law Throttle Exhaust Gas 450 °C (842 °F)
Temperature
Maximum Fuel Consumption 270 cc/min

| Ignition Glow ignition
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1 Combustor Radial

Centrifugal !
{annular type) i turbine

COMPressor |

Liner  Diffuser § Nozzie

Casing

Rotor Rear tailpipe

Exhaust

Fig.1 Baseline Engine J-850

Outer casing

Table2 Mechanical properties of ceramics

(Room temperature)
SN-235 SN-01
Density 3.25gcm™ [3.20gcem®
Vickers hardness (at 9.807 N) 14.5 GPa -
Strength (4-point bending test) 921 MPa -—-
Young's modulus 304 GPa 294 GPa
Poisson’s ratio 0.28 0.28

Fracture toughness (SEPB)* | 6.4 MPa m®®
* Single-Edge Precracked Beam method

s ks

(a) Original
Outer casing .. e o
ANV NN NN (a) Nozzle Casing (b) Alumina Porous Plate
N — ic Nozzle Guide Vanes

' ,Dikffusef';‘

(d) Turbine Rotor
S TP T Fig.3 Ceramic Components

(b) Ceramic Rotor and Ceramic Nozzle
Fig.2 Structure of Radial turbine
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Development of a Virtual Jet Engine

*Yoshitaka FUKUYAMA, Masahiro MATSUSHITA (Japan Aerospace Exploration Agency),
Tadahiro YOKOKAWA, Hiroshi HARADA (National Institute for Materials Science)

ABSTRACT

Development of a Virtual Jet Engine (VJE) has been kicked off as one of the research activities of the “Clean
Engine Project” of JAXA with strong corroborations to the “High Temperature Material 21 (HTM21) Project™ of
NIMS. The VIJE is succeeding the basic idea of Virtual Turbine (VT) which has been developed in the HTM21
project to realize an automatic gas turbine design system for non-expert researchers and engineers and to
evaluate the impact of new material and new cooling technology introduction to high-temperature gas turbine.
However, the VIE is different from VT on the following points. 1) Target system is Aero-Engines (turbofan
engine), 2) Requirement of performance analysis representing the “Flight”. The overall VJE development work
and the results of accuracy evaluation by using the test cell and real-flight records are reported here below.
Key words: Aero-engine, Design, Performance analysis, Software system, Benchmarking, New materials
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Fig.5 Comparison of VJE and Cell Measurements
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(Note) Flight time means the time with all the engines in operation.

Table.1 Flight Examples
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A Consideration on Cogeneration Systems for Residential Use

* Sei Okamoto, Yasuhiro Morimoto(Graduate School of Tokai Univ.), Takane Itoh(Tokai Univ.)
ABSTRACT

This paper describes analytical results of micro cogeneration system for residential use, from two points of views. The first

point is what differences of electric and heat demand exist in measured data and usually used standard pattern. The second point

is what influence of these differences affects on the performance of a cogeneration system. Analytical results show as following:

(1)Load demand with 1-hour interval differs fur from the actually measured demands. (2)Primary energy reduction rate obtained

by introduction of a cogeneration system is not much affected by these differences of load pattern. (3)If we use the load pattern

with 1-hour interval, the capacity of hot water boiler and hot water storage tank will be under estimated.

Key words: Home cogeneration system, Hot water tank, Mictoturbine, E electric demand , Heat demand
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Performance and Experimental Tests of Microturbine Generator
*Manabu SASAKI, Yasushi HAYASAKA, Masaya ICHINOSE, Satoshi Dodo, Susumu NAKANO,
Manabu YAGI, Tadaharu KISHIBE, Kuniyoshi TSUBOUCHI, Kazuyuki YAMAGUCHI,
Tomoaki INOUE, Toshihiko FUKUSHIMA (Hitachi, Ltd.)

ABSTRACT

According to an electricity deregulation, distributed power generations such as microturbines

are being considered as playing an important role. We are now developing a prototype 167kW,

51000min! generator for a 150kW microturbine system. The electrical generator applied in the

microturbine system has a single shaft connecting a permanent magnet rotor, a centrifugal

compressor and a radial turbine. The rotor is supported by two water lubricated bearings at each

end of the permanent magnet rotor. In this paper, the results of electrical and thermal

characteristics of the generator in a microturbine system are described. As a result of about 90%

load heat run test, electrical efficiencies of the generator, which are calculated by calorimetric

test, are 93.8% (including mechanical loss) and 96.9% (excluding mechanical loss).

Key words: Microturbine system, Generator, Permanent magnet rotor, Electrical efficiency, Calorimetric

test.
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Solar gas turbine cycle with super-critical carbon dioxide as a working fluid
*Motoaki Utamura (Tokyo Tech) and Yutaka Tamaura (Tokyo Tech)

ABSTRACT

Solar thermal power generation system equipped with molten salt thermal storage is capable of operating continuously at a rated
power being independent of the variation of solar irradiation in a day. A gas turbine cycle for solar applications is studied with
working fluid in a medium temperature range (600~850K) where molten salt exists stably as a liquid phase. It is found that a
closed cycle with carbon dioxide as a working fluid may be a promising candidate for solar application. The cycle featured in
smaller compressor work shows high cycle efficiency if system pressure and temperature are chosen properly. The temperature
efficiency of a recuperator is shown to govern the efficiency. Under the condition of 98% temperature efficiency, the
regenerative cycle with inter-cooling gives cycle efficiency of as much as 45% at a turbine inlet temperature of 800K.

Key words: super critical carbon dioxide, gas turbine cycle, solar thermal energy, molten salt, regenerative cycle, closed cycle
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A Proposal on an APT(Atomospheric Pressure Turbine) :1st Report

— Effectiveness and Basic Operations —
Eiichi HARADA(KHI), Junichi KITAJIMA(KHI), *Kenji INOUE(KHI), Kazuo TANAKA(KHI),
Mitsugu ASHIKAGA(KHI), Keisuke SASAE(KHI), Yoshiharu TSUJIKAWA(Osaka Prefecture
University), and Kenichi KANEKO(Osaka Prefecture University)

ABSTRACT
Gases at normal pressure and high temperature almost unused exist widely in every field now.

But,the technology that can produce power (electric power) directly from such gases at a low price

has not been put to practical use yet. Therefore, APT (Atmospheric Pressure Turbine) based on

the "Inverted Brayton Cycle" principle is proposed, and the effectiveness of the new, distributed

power generation technology ,using various normal pressure and high temperature gases is

described.

Key words: Turbine,Atmospheric Pressure Turbine,Waste heat,Inverted Brayton Cycle,Distributed

power generation
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A Proposal on an APT(Atmospheric Pressure Turbine):2nd Report

— A Simulation Model and a Control Method for an APT —
Mitsugu ASHIKAGA , *Keisuke SASAE, Kenji INOUE and Kazuo TANAKA (KHI)

ABSTRACT
As mentioned in the 1st report, applying an APT (Atmospheric Pressure Turbine) based on the “Inverted

Brayton Cycle” principle is one of effective solution to use normal pressure and high temperature gases. For

practical use, it is necessary to develop a control system for an APT, therefore we studied such a control system.

We considered whether it is possible or not to apply a control method for a normal gas turbine (based on Brayton

Cycle) to an APT. Then we have developed dynamic simulation model of an APT to evaluate that and designed

control diagram for an APT through simulation study. In this report, we explain simulation model and control

diagram of an APT, and we report the evaluation test result with that control system applied to a prototype APT.

Key words: Atmospheric Pressure Turbine, Control, Simulation

1. IU®IC

AR, B OFG 18 R RE R HhER TR 55 RE O B a2
SElERRAT A (BEAA. GIHMERTZ)
ZALH A (AR, BEEY. N A TR) BREDH
IXRIINFOEBEHANEIKDSNTNS, Ly
L. INSaBREN 23, ERBICEESRTH
LHAEMEL . BETERORRMEN Z 5 5L
THERSIZXNFEZENRTZ2ONHEL L. =D
EERNLENTND,

LTI RN E TE B EVWS H RS
—ECOREEEML. INSHFITFRIIVFITHIE
TEDLHAI—ECORREEDTND, £OD
—D&LT. BE, IKEBETLA Y120 %
ESFEE LT H5EEY —E > (APT: Atmospheric
Pressure Turbine) DBAFEZEfTH->TW5 Y, APT
ISRELZRETREI RS ZENTES D, R
B ZMETAHENELS, N1 FAHAPRE
J A, SOFC (BE&ELREIE) . =iRmEE
75 E OFEBBTRE A X0 5 O %)L F R
BN ER B,

A TIE. APT MNFICBERE Lz I al—a
CETFI. BEXUORBEOD Yy 7IZDo0WTiERS &
EBHIT, TORMHBEREZFAIERICK D EIEL =4
RIZDNWTHET 5, :

2. HiExg

2.1 APTICDW\T
APT I3 BHEDOHAY—E OMEFRBTH DT
LA R IV ERRERD, RI1IWKERTEDIC

#wIIESAF - ELHEES

HERCE, 2005.9, (5

Download service for the GTSJ  Via 216.73.216.204, 2025/07/04.

HWETREI BRI A %245 —E 2 TAEMIZIE
IH., HAEHHALEBICKKEE TEMETE
WIdEND IREBETLA N YI )] (K25
B ko TEEL T3, ZOK, ¥y—E> —
EfEREIOENZAEERD, y—ENEE -
BIROHAZEKFI L=, AEMCHREFES
BB EICEDEHPER/TNS,

] R (RE)

DleE=r jﬂ?_k

bEaIE
K1 APT OHE&K

BE
J/ RSE(EE)
o

IV

xg BE

PA e 27
ARG~ ’

’

-8
BT AL YAV

(BER-E

AR

¥ Nul g
K2 KR&TLARHYALDN

—155—



2.2 HELAZAPT
SERELZ APT OB ZEK 312, #re&E 1
ITRT . BAME APT IS, BB 2L BAH
IINETBIET, BHBREER>TWS, 2B,
SEEFEMEL = APT IS T HEERERATH ST &M
5. BRENILP HAZXZHW, HAmMIZIIREHOR
DOICEHEEERL TV,

X3 FfEL- APT O#E

x1 &EELZAPT OfET

5NBZENEZN, APT OFHIHRICBWTHESR
I Z D& BB bDEEZILNS
ZEMS, MA4ITRTIOIRHEHRZBEBRL =,

—p| EEEARE L) f;;‘ || s
w | .
N " y
52 APT
|| TET#IREEE ||
&L HES

F BT
BREHH A 3 ~ 5kW
J#Z5E L 3.3
BAERR TV—bT 4 UH
y—t 1 BYiRm T
WA K=
JEAEHE 1 B LR
F el 96000rpm
REL LP 5 X

3. APT OHEAH*

3.1 APT OHIEROLEKER

APT O#HIHIZBWT HEERHIE &5 DI,
BEOHAY —ECOHIEY LRERIZ. FiEDE
ERICBNWTHEOHANELND LD ICBE 2
fHTEZETHD, REBANTZAY—E D
&, REAMOHEBIC L S TERERE —E I HIHE
THIERXKOREOHNINELNDDT, —&F
DOEIERZHFTILOCREZHE TS Z &M
FENERD, £ APTIZBVLTHF—E VO
IR (TET-Turbine Exit Temperature) 23FTE DR
EEBARRNWEDICHETLILENRDS, LN
2T, APT OHIEICILEE DA & —¥ > Dl
ERIBRDEZFNERTED LE R T,

BB, HRAY—ECOHIBETIZ. TOHE LD
PLEAT T D S ENHIE & E AR OFIEIC T

Download service for the GTSJ]  Via 216.73.216.204, 2025/07/04.

K4 APT O#lIHRDEKRER

3.2 BEERAHE

A U7z & 5 ICEEEAR OREHIIENE. — 8D
BB AT 2L D ICREZHEATEZETH
D, EEEOT 4 — RNy ZHIENRERE2S,

& APT OFHHTIZ, SNELBEICHT 2HIEMEE
ZE L. I'PHIENC K> TRERZHEL TNW3,

3.3 EHFIE

AL —E > OREFIE D% < 1L, EROERM
SBESNET—F ERICERBOBEKTEIN-
BRELZ r D a—)ic K DR fThbhTng, L
ML, BB 22— )VHIERE T TIIRREH
AAEZ—E DN - RS EREROIREZEL
RIS TERNZDREL— MR EBEDS
0D, WmEBRCEEMFEEZEILLD., HET
DEETIETET OBER FHZRIBNEH S,
ZOESBBEITHIET 520, KEEhHE T,
B2 2 a—VHIE, EEhinEHIE. TET HIR
EHEEzHASLEEHERE L, EEHIEIC
MTBEZHERS TRLU, ATFIZHHATS Y,

CEBRBER  BERBXETV. BRERLEZ
T D720, HOMLUDED SNIRE
BRASNDZIIBEBRAT P2 —VIZT
WETSD BREER 2 o —)VilE)

cBUXTORE : EBFOREL — NI, RE
&M AREE. XKKREN)., T2T20
REE (REBEBNEREED) REITKD
EBERZIZOT, —EOL—hTHRHES
BHDITIEEZHET S (e

—156f




- TET LB : TET M@EIC LR/ LGS,
HIREEB AR NWLDICT B2 TET %
BRACHIET S (TET D

E TETH| 1
TETCRAEEBIET) TETHIR P -
T - ‘/’/’
- - B
7
TETCARRZ BBD) P a
e R -
S EE :
r/ /'-
// R ,-"'
PRE R D2 —L$IE P
’ ~TREsEES

100(%) B8z

5 EBHEOEZS

PlicksEsHEO Y 72K 6138,

723, B A o — )L HIE & s EL, )
AR ICRBH IS ENRER 25Nk DI
woMIEbAEDIZLTWS, £/, TET #l
id., LEIROHIEE D EOEMBIRICE DU X

60

4. APTD 22— 3 ETFI

LU EOHIEZR D APT ~OEH fJREHES APT O
BiZ2TOHETHZ0IC, APT DY Ialb—Y
avEFIEERL, >Ial—a RiteE
Ml RT7ICAKSIal—2 3> THWE APT
DEFIVERT, ZOEFITITRER/ZEDE)

SERER

e

A _J:u&iﬂ{ﬂ
WH b EEMmERI
TET H{TETHIBREHI

G/THARE—EY
TET: A RXBE

6 EBHEOZY

IE| [RER4rTa—)L
i

> - RE e

WSHRETE

Rtz HDBEEMICRIT 572012, APT O
REFREMBRICEDIVWBREET IV TR L.
ETNSEMAGHOEDIETAPTOEKRETILE

CFRRL T3,

COEFIERANWEZII 2L — a3 REICEK
D, LEROHIHENAPTICEHATESHBEL 25
BHIEMTEE,

5. HEMICLIHPROE

SIZEAMEREGLE TORERHBRERETR
T, RBROKR, EBFOHZAI—ERKE (E
73, TET ORERME) BEXRMITIIRERDHT X
F—E T ERRREEERL THD. KESHHIH
FRICEK D EEWNERBERE TREBHIESLI LI
BRI L 7=,

_P | P
g | AH% | g #
K H | OK@) [ v K
________ Q _
r- - - 1 | ]
I T 1 |l
P I QT
P P P P P P P
®_G BER G phizse G BER G BESR G AR G Bl G ¥
T | @se | ¢ " H |5—Ev | H | @R[ 1 | HRE) [ 1 | E | H &
(22
P:EH Pl |G
.3 w w
G: B Ef
H: T A0 i3 X T
QR HEE ) s
W B Wi
N: B35 %k Pl |G
X: HEES i |

Download service for the GTSJ

M7 YXal—a’EFINOJ7OvIKE

—157—

via 216.73.216.204, 2025/07/04.



100000 T T T T e T T T T T T T T T T e T )
£ : H

S 80000 [eeeeesesemseefooesed  SUUTRUCURURRRUI W ARV W LIttt
21 §0.000 ... EWEKER96.000 [rom]) ...,
z :
[T i RS AUCTOOTINE IPEPURROPRIOTPUREIRNR NP
& H
’E_] 20000 |rofeeereeenen e T
o H
| 0 -

1500 1550 1600 1650 1700
B50 [sec)

E‘WOO T

= 000 fereeeeeeeaeians FOUTREGOOICD

3 800 / ’ H

& 600 | ke tibeelel S oo ties:

]

O 400 kJ- Y AT[C] ceeveniinii NS - t

3 : : ;

&) 200 freereerenenensene e TETHBIBIRBGES0 ['CD evvrmrrererarereenenns

1 : : :

o 0 i

1500 1550 1600 1650 1700
HAY (sec)

K8 FAfE APT DEEFERER

6. BBERECIAL—2aVEREDLR

KDIal—a RFTHWEZAPT ®F)
I3, BROZXCEKEHOENEKBELZEZRLIZWE
HRRETETIMEL . LA L., EBOHER
HEETIE. Bo208MOEABENKEL., &
BRUISHBBRE I Al —Ta v HBICER
NELC TV,

ZTIT. BEFIVEEOMLEZK S0, W
BEXICIIaAL—2alEFEFNDT 53Ty
TEIFDS>ZEICLE. £9. 2O EEHMOER
ERBT—INE5KRD. INEHEEFINOFIIK
BRL 7z, KRIT, BHERERFICHNREEIHR

BRE-BITDIDIICHARLIEE. ozl
AEDOET. ETNERORKEEHEL.
LD, HOITRTLIIZ. EEREDEE
B, BIXUOEREERICEEL-BOEEREZ
P2al—alTRELSBEHTELLIIIR

27z,

7. BHLYUIC
SRIOBBROKER. UTITRTREANBZL N,
(DAPT ORIAFEEZMILL. BIL - HhhEK
ZER LTz,
(DAPT O Ial—2a ETFIINEBEL.
ERHER LR TREZM LB,
SR SEER L 22— a ETI)NE
BOWARREE EOH RS RICE T DG
2TV, APT OERLICFT MR ZT> TS
FETHS.

& E X Wk

1) # L], FESE—, gl —, Ah—%, 2FE,
ELIBEN, TNEE &T7E— EEI—E>
AP DIRE : £D 1, F B EHAY—E > EH#
HAHRERE (RO .

D RBAE: A—-N—< U HAFT—-EizBiT5HE
FROKRN, BEHAY—E %85k, Vol.32,
No.2 (2004) pp.9-14.

3) ETFEAKER, BEI, NIEA, BFIE, REFLL,
KHERES: 77O HHESALEIAY-E iR
Bk, 55 34 EHBREEASHEES, . 13-14.

L7251 TET
120000 800
100000 — . akalinid
] &£ 60 3
7 o A .
% 60000 | ;Eai 200 [op Pt
| & S /
o 40000 1 — 72 1Y w0 N\
20000 H e Zal—a iR — | = P
7 i $Ial—sa @R
| R a— ) Lmavovaven]
0 100 200 300 400 500 600 O 100 200 300 40 50 600
B () B ()
ERARE PRELRE
8 2
® e O N N e
N / N, 16 HRT—%
N\ fl bl
: ; 12 bR A
o , L o S —
X i X
" ; w 8T \
® oo e IR - R | v32v-vaveg
B SRl —aUsER g 0
0 ; 1 L. A 0
O 100 200 300 400 500 600 O 100 200 30 40 50 600
BFf] () B (=)

9 YIalb—ralHREEABRBEROILE

—158—

Download service for the GTSJ]  Via 216.73.216.204, 2025/07/04.



BEHESMBOSRRR/NN—F— ) T HHER

T OB, B EFE, R R (FEMZER IR RERE)
A HZE (B)IBBEELS)

Evaluation Test of Single Crystal Superalloy by High Heat Flux
Burner Rig Test Equipment.

*Masahiro MATSUSHITA, Yoshitaka FUKUYAMA, Yoshiaki FUJISAWA(JAXA)
and Yasuhiro AOKI(IHI)

ABSTRACT
Experimental equipment had been built to evaluation for high heat-resistant materials under the condition of
turbine blade. As this equipment, a circular straight pipe was rounded on the central axis for uniform
circumferential heating, and the position control of burners was programmable for the cyclic heating test which
simulated the engine condition. By this equipment, two single crystal superalloys, CMSX-2 and TMS138, were
tested by only thermal stress at about 1000 degree of maximum material temperature for 100 cycles (3 minutes

heating and 3 second cooling).

Key words: Single Crystal, Supperalloy, Thermal Stress, Turbine blade
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Influences of Turbulence Models on Impingement Cooling

Using the Conjugate Simulation of Flow and Heat Transfer
*Takahiro BAMBA, Taro IMAMURA, Takashi YAMANE and Yoshitaka FUKUYAMA (JAXA)

ABSTRACT
A series of numerical simulations of single impingement cooling jet were conducted on UPACS, a common
CFD platform developed in JAXA, with three different RANS turbulence models (Spalart-Allmaras, k-ay and
SST models). It is known that the heat transfer at the stagnation region of an impinging jet in flow only

simulation largely depends upon the selection of turbulence model. The aim of this paper is to clarify the

influences of the turbulence model selection on the directly simulated temperature distribution on the target

surface and other related aspects using the conjugate simulation of flow and heat conduction implemented in

UPACS.

Key words: Conjugate simulation, Impingement cooling, Turbulence models, Heat transfer
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GA-Based Optimization of an Integrated Impingement Cooling System (Effects of Objective Functions)

it — CEFRFLFER)

WHEME (BFRELEER)

VEEEIE ¥ CAEFRERER)

FUNAZAKI Ken-ichi, YAMADA Kazutoyo and SATO Kouhei (Iwate University)

This paper deals with numerical optimization of impingement cooling structure equipped with a pin-fin cooling device.
The optimization method is developed based on Multi-Objective Genetic Algorithm(MOGA). The entire process of the
optimization, which contains CFD analysis using CFX-5 (ANSYS) and grid generation, is fully automated taking
advantage of UNIX shellscript. In this study, particularly, three types of objective function combinations are used in
order to elucidate whether any meaningful difference in the configuration of the cooling system can appear through

using the different combination of the two objective functions.
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Fig. 1 Schematic of an integrated impingement cooling system
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Table 2 Range of parameters and bit number

OFs AR [-] H, [mm] R, [mm] Ry, [mm] R, [mm] i [kg/s]
E, F 15~35 40~80 10~2 10~22 10~22 000155
F, F 15~25 20~70 10~22 10~22 10~22 0.00115~0.00155

2bit 3bit 2oit 2oit 2bit 2
F, F, 20~30 20~50 10~22 10~22 10~22 000155
4bit 4bit 2bit 2bit 2bit
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Fig. 6 All population sought out using F1 and F2 (case 1)
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Fig. 7 Pareto optimum solutions for case 1
Table 3 Parameters for Pareto optimums (case 2)
AR | R, | R, | R, | H F | F

Bl |217]21.0|17.3|21.0 | 48.0] 3.58 | 52.4
B2 |217|17.3|17.3|21.0| 48.0| 3.66 | 45.7
B3|217]21.0]21.0|21.0| 48.0| 3.67 | 32.6

Ex [ 2.00(20.0{20.0(20.0]40.0|3.77]36.0
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Fig. 8 All population sought out using F1 and F3 (case 2)

Table4 Parameters for Pareto optimums (case 2)

AR RI RD RP H P Fi F;

Bl |25 (13.1]10.0]19.4|34.3|3.63| 0.0115

B2| 25(13.1(10.0]19.4|41.4| 3.64| 0.0115

B3| 25|13.1]13.1]19.4{34.3]3.66| 0.0115
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Table 5 Parameters for Pareto optimums (F1-F4)

AR| R | R, | R, | H | F F,

P

Bl|20]10.0]140|140]|28.0! 409 1210

B2|20]10.0] 180 10.0}30.0|402]| 1230

&

20100 10.0{10.0| 20.0 | 4.04 | 1350

Ex | 20 |20.0[20.0|20.0|40.0} 3.77 -
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Table 6 Parameters for Pareto optimums (all cases)
AR | R, | R, | R, | H F,

Case 1217 21.0| 17.3] 21.0 | 48.0| 3.58
Case 2| 2.6 | 13.1] 10.0| 19.4| 34.3 | 3.63
Case 3| 2.0 | 10.0| 140} 14.0| 28.0| 4.09

Ex 2.0 120.0]20.0] 20.0} 40.0| 3.77
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Development of a Laser-Scattering-Based CT Spray Pattern Analyzer

HAYASHI Shigeru (JAXA), TAKAHASHI Tadashi (Tohnichi Computer Applications, Inc.)

ABSTRACT
Computer tomographic (CT) analysis of the scattering data obtained by laser diffraction particle sizing instrument

was conducted to determine the local liquid-phase concentration and local droplet size distribution in sprays.

Computer-controlled optical 1 stages were developed for scanning the transmitted laser beam across the spray in

translational and rotational modes. CT images of concentration and SMD in a steady spray from a pressure swirl

atomizer and a transient spray from a fuel injector for direct fuel injection gasoline engines.

Three-dimensional

images of the transient spray clearly revealed the development of spray with time.

Key Words: Laser scattering, Computer tomography, Spray pattern,
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A Design Concept for Advanced Steam Turbine Systems

— 700°C Reheat Turbine —
*Masafumi Fukuda(Toshiba), Yoichi Tsuda, Katsuya Yamashita

ABSTRACT
High efficiency pulverized coal power plant technology, especially materials and the design for high

temperature turbine systems, is discussed. The development of materials has contributed to the high efficiency

plant development, so far. The development of 12% Cr steel was a key in building the state-of-the-art 600-deg

C class steam turbine system. It is believed that a 700-deg C class steam turbine system will be realized with

Ni-based super alloys and austenitic steels. In the near future, the system with a 700-deg C reheat temperature

and 630-deg C main steam temperature is promising for the pulverized coal power plant because of the need for

only moderate development work, low capital expenditure, and its high efficiency.

Key words: Steam Turbine, Ultra Super Critical Steam Condition, Turbine, 12Cr, Super Alloy
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Table 1 Turbine Systems

Case 1 Case 2 Case 3

Steam Temperature

Main degC 600 630 700

Reheat degC 600 700 700
Steam Pressure

Main MPa 25 25 25

Reheat MPa 5 5.5 5.5
Thermal Efficiency - Base 1.03 1.047
Material (Typical)

HPT - 12Cr 12Cr Ni base

IPT -—- 12Cr 12Cr, 25Cr  12Cr, 25Cr

Valve - 12Cr 12Cr,Nibase  Ni base
Development Priod - Done Short Long
Development Cost - Base Low High
Operability - Base Same Low
-2 3IERGRE, BREKREEDICT0

0CaDT, BHRIEH/BIT/RD, LML, 70
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Table 2 Gas Turbine and IPT

N5, TIT. BHRIETH D, BEEDOY]

REZBRITLLEANLLTT—22 (63 Turbine Inlet Temperature deg C (i?)sozjllr::)t(‘)e 'I7I;P(I)‘
0°C/7007T) OREIIEBMA 2T o /. T2, Turbine Inlet Pres:ure Mg 1.5-3.5 5
IROERLT 0 0TI L THEMEHISE SR
N ‘ R N Rotor Temperature deg C 400-500 400-600
ORHRRETOXIRATEDEHA. Casing Temperature degC  200-400  400-600
Blade Material Temperature  deg C 600-900 650
4. BT 0 0COBERA Nozzle Material Tempreture  deg C  600-900 700

P: MPa
T:DegC
G: Ton/h
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Fig.5 Mass and Heat Balance of Case 2
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Fig.7 Analysis Model of Reheat Valve
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Fig.8 Single Casing Type HPT and IPT
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1) Fukuda, M., Tsuda, Yoichi, et al.: Materials and Design
for Advanced High Temperature Steam Turbines, 4th
International Conference on Advances in Materials
Technology for Fossil Power Plants, Oct. 2004

2) Iwasaki T, Construction Planning of 600/620-deg C USC
Boiler in Japan, 4th International Conference on
Advances in Materials Technology for Fossil Power
Plants, Oct. 2004
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System analysis of Power Generation system with Small Flowing-through Boiler

*Hirohide FURUTANI(AIST), Masahiko MITSUDA(Kobe Steel Ltd.)

ABSTRACT

. The development of the 100kW radial steam turbine power generation system with the small flowing-through
boiler was introduced. The 250,000 units of the small flowing-through boilers of which heat transfer area is less
than 10 m? are distributed in Japan. Now, these boilers are used just as heat source. By adding a steam turbine to
these boilers, the system is used not only as heat source but also as power supply. The radial turbine which is
preferable compared with an axial turbine under the small pressure ratio condition is selected, because the
pressure of these boilers is limited below 1MPa by Japanese laws. In this paper, for discussion the potential of
this system, the simple system analysis has been carried out under the ideal condition. The results show that the
re-powering efficiency is quite good and the system have a good potential of energy conservation.

Key words: Power Generation, Boiler, Steam Turbine, Re-powering
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Fig.3 Needed Turbine Inlet Temperature
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Fig.4 Effect of Turbine Outlet Pressure
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Fig.5 Effect of Turbine Inlet Pressure
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Heat, JSME International Journal, Series B,
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