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Abstract

In the prospect of using metal hydrides as a
fuel storage tank for hydrogen gas turbines, a
fundamental study was performed experimen-
tally on the properties of hydrogen desorption
under the isothermal condition at pressures and
temperatures of practical interest using a mass
flow meter system. A hydrogen storage alloy
selected was MmNi, sFeqss, because of having
high equilibrium plateau pressures over wide
ranges of hydrogen concentration in its metal
hydride. It was found that the alloy could be
easily activated at low temperatures and short
incubation times. The hydrogen release rates
from the hydride increased with an increase in
ambient temperature and a decrease in ambient
pressure. The rates could be represented as a
function of equilibrium hydrogen concentration
in the hydride, and the activation energy of the
hydrogen desorption reaction was obtained.
From the release rate data, a storage tank
volume of the alloy was estimated to be compa-
rable with those of liquid hydrogen tanks.
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Abstract

In the fully turbulent region after transition,
the low Reynolds number functions used in the
different models are evaluated on the basis of
comparison with the experimental data. Also,
since the acceleration results in some important
phenomeha like reduction in the Reynolds num-
ber and thickening of the sublayer, the model
performance is tested by considering the transi-
tional boundary layer data with favorable pres-
sure gradient and heat transfer. Finally, the
present model along with the other considered
models are applied to predict the distribution of
external heat transfer on the gas turbine rotor
and stator blade for two different inlet
Reynolds number conditions in each blade case,
respectively. The comparison of experimental
data with the predictions by present model and
other considered models showed that the pres-
ent modes produced the best overall agreement
with the experimental distribution of heat
transfer coefficient on the blade surface under
different flow Reynolds number and free
stream turbulence intensity conditions.
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Abstract

Catalytic combustion method has been offer-
ing the potential of meeting SCR emissions
levels and cost reduction. One of the main
problems in developing a catalytic combustor is
the durability of catalysts at high temperature
operating conditions. The hybrid catalytic
combustion concept has advantages concerned
with durability of catalyst, because the catalyst
can be operated within its tolerable tempera-
ture utilizing gas phase combustion occured at
the downstream of the catalyst. This paper
describes the full-scale hybrid catalytic com-
bustor designed for a 200MW (1300°C) class gas
turbine and its atmospheric pressure test
results using natural gas fuel. The combustor
consisted of a precombustion zone, a premixing
zone, a catalyst zone and a gas phase combus-
tion zone with a bypass valve. The catalyst
consisted of Pd/

alumina washcoat on cordierite haneycomb.

was 450mm in diameter,

The hybrid catalytic combustor has experimen-
tally demonstrated the capability of ultra low
NO, emission during atmospheric pressure test-
ing. In addition, a pressurized small-scale
combustion test and estimations of the combus-
tor characteristics using a mathematical model

were also carried out. These results have

(PRk 3 4 4 A19H FR=AT)
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predicted that NO, levels and catalyst pressure
loss will be whithin the goals at full-pressure

condition.
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TEFRNZRE L T, Gear D HHED 2 Hwv 7z, 518
WHRWIERRIGEZR2NR U2, £z, 5HEEMEIZ
SAHABESS T DI E FER %2 10msec., AT % F
BEKOEE %2800°C, FRAKOMEKIEA T v &
ERKDHE LT, BRBERENE W7 — A TIZNO,
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INLET PRESSURE Pin [MPal
P12 NO, 2Bk GAAHMBERS) O GHEE)

2T’

BT OIFIZ0.5F I ELFI L, B OBREERS &
FIEREIREE 0 7 v A VERL TS, B
BERE DS NA 7Y v FAEREES TIRUEL Tw 3
BEIC BT — X T, MILZRL ZRERSR &
BIRRICEIMREREIZIZE A LW L0830 5,
INSDIEDS, FEEHESITHEY A XRBEER
DLFREEL TERK T B NO, IF KT R ER
ERBRITAE S, B ppm D VRV TH % LHEE I
%, TRREEER 1T AR @ E OB S % B
LTCwbDTHENEFIfES TEEMT % & FHES
N55, KEREABR TOERBENS L L
DRI OERETTHE ppm DLV RV H S
EEzZohb, LichoT, EEITHINAL T
Dy N ALEESRBES C IIHEER R E AR L e D
VALK NOLEBHHRETE 2 L& 2 Tw 3,

£2 FHECHVIERN

1 CH, = CHs; + H

2 CH, + OH = CHi: + H. O

3 CH, + O = CH;j; + OH

4 CH4 + H = CH3 + Hy

5 CH; + O, = CH, O+ OH

6 CHs; + O = CH, O+ H

7 CH3 + OH - CH2 0+ H?_

8 CH, O+ O = CHO + OH

9 CH, O+ OH = CHO 4+ H. O
10 CH, O+ H = CHO + H,
11 CH, O = CO + H.
12 CHO + O = CO + OH
13 CHO + H = CO + H,
14 CHO + O, = CO + HO.,
15 CHO + OH = CO + H, O
16 CHO = CO + H
17 co + OH = CO, + H
18 (oX¢) + O = CO,
19 H + 0, = O + OH
20 (6] + H, = H + OH
21 (0] + H, O= OH + OH
22 H + H, O= H, + OH
23 H + OH = H- O
24 (6] + O = 0,
25 H + H = H,
26 H + HO, = OH + OH
27 H + 0, = HO,
28 (6] + N, = NO + N
29 N + O, = NO + O
30 N + OH = NO + H
31 NO, = NO + O
32 CHa + H = CHz + H2
33 CHa + OH = CHz + Hzo
34 CH, + O = CH + OH
35 CH. + OH = CH + H, O
36 CH, + 0O, = CHO + OH
37 CH; + N, = HCN + NH
38 HCN + OH = CN + H, O
39 CN + 0, = CO + NO
40 CN + O = CO + N
41 NH +OH = N + H, O
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[y 100 cpsi
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170 mmL .
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I L l

L L

00.1 02 03 04 05 06
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L, BEATIIZIZ—EHEEE > T3, Zhid
PREEFIEED L 5 12w VEDVNS WIS, FEHD
BWERTII v VADRNSBFIRETH 2 720
N ER o THEHER (%) ETT 525,
FICENDBEET 2 L VNOTRNBER D 5EL
WL T, EHEER (%) P—EMEIEo <
bOLEZOND ML D 2L £13100k
/A Y FETH B0, stE ETIZ0.4MPa 18)E
DO IVATEGE > T, RBRICBITBE
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bRELD 5N TV 5W, BI131C FABRRF O AR A
() HE@EERLZZ. N 7V v N AR
B CIIAERE DS 1000CAT CThH 5 Z & 2EET
I, flEERE EL 1 BEME (5%) ITFick -
TWwd, CRBEDI Erd, REESESKE LTH
FESBE/NZVANA T Uy Rl BRSO 25T
DWHRETH B LHHFL T B,

5. &8 ,

KEDH A —EBREL 12V A DA
7V v NlEREERR B BET - BEL, RKRETT
DBRBEARER 21T o 72 BUEL 72 RRBERR 1ZBRBEME,

BTERC

NO, &£k, FEHERCEL TRFZEEERL
Teo Eo, NEEEB X URHEIC L VIMET T
DFHEZ R L 75K, ERESI T THIE NO,,

RESIEE, BRSSP/ TE D 2 L2357

Moz, G, IhFE TORFICED XERE

IR TCOMRRAEZFHEL T3,

SE

(1) Beebe, K., Ohkoshi, A., Radak, L. and Weir, A. Jr.,
Proceediogs of the 1987 Tokyo International Gas
Turbine Congress, IlI-53 (1987)

(2) NP, v, MEEERR, RIMAESA, SS100IfER
BES VRY T A, 27 (1990)

() AERIEHE, HEREH, FHRET, Wbk, miHER,
JESRER, 1304 R & — v e S L,
115 (1985) :

(4) Furuya, T., Hayata, T., Yamanaka, S., Koezuka, J.,
Yoshine, T. and Ohkoshi, A., ASME Paper 87-GT-99,

(1987)

(5) KBHEEHE, WhE, HESH, HIRET, FHEFE,
JERER, HAY 2 ¥ — & v2g4egE 15, (60), 83(1988)

(6) Yoshine, T., Furuya, T. Yamanaka, S., Hara, Y.
and Hoshino, M., Prodeediongs 18th International
Congress on Combustion Engines, Tianjin China, T15,
210 (1989)

(7) &, LEMBE, Wbk, HESH, FHERE, 5
RETT, IUHIEE, F RS — X FoGRM XGRS
a0, 33 (1989)

(8) Kawakami, T., Furuya, T., Sasaki, Y., Yoshine, T.,
Furuse, Y. and Hoshino, M., ASME Paper 89-GT-41,

(1989)

9) ’zk, LEMEE, Uhx, HEEH, FHEE, 75
REAT, B IFHESHEESE, 155 (1989)

(0 Pillsbury, P. W., Scheihing, P. E., Toof, J. L. and
Burns, K. R., Proceedings of the EPA 5th Workshop
on Catalytic Combustion, San Antonio, Texas,
368 (1981)

1) HEEH, FRET, J2&k, TBEFBA, 5§ 9 bl
WEEY R 7 A, 23 (1990)

(19 Gear C. w, Numericl Initial Value Problems in
Ordinary Differential Eqrations, Prentice-Hall. Inc.
Englewood Cliffs, New Jersey, (1971)
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J1I IG5 28 T SE@RPA A HART I 9E A O FE SR 13, 19484
9 BICERIE DM TE NI B E £ U THE
LIz 2 EDDIED, FUEHICE S 72D 131957
FICHEMTER I NI TH D, ORI
AE DG HEMIFZERT OBENE L LI L W X S,
ZOEEHOEIcEDbY, HBOET L ABD
BRI o, 1975F IR FRICE - o fFE T
B oA THNICKEE, ABOEEEZZEL TH
FEIZE-S>TW5,

BHAFMAFZERr Cik, £ LTLUT DO LI BE
FARI B OZe 21T 5 T3 HY, FRZFNOE
B EMIR A B OB B OMFEIC b FEICT D
FHATWHL ZEELTWS,

(DEEEE - A7 Y — ABSEEAR
BT Y BRI

2. HRY—EVEEHRTEIZOWT
BHA TN, AT A Y —E VEED,
Vv bLUYVEERNEHDL 1D, HARK
R8BI 34 A5 —E v BERTEE, #MmEX 2
ZEELEREMLMES T oD, HER, I
BE DM TIBOFREME SR COFBRHRE AL X
> (ABB #t & OEHRHE) O b ARE
LTEBY, T3 ZOEEENTE-> Tnd,
LT, hEHICEAHEOR LS WL Dk
V52 THTT %,
2.1 {K NO, MRBEZR DA

7K, KEKEHW2ERE (Wet) 1o T,

RS DRk (Dry) OERELITE 2 /%189

(PB4 7 B 9 HIFERA)
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1992 ASME TURBO Expo-Land, Sea & Air
Mo 72 P A VEHENEDO 7 VT, 6
A1H~4BHBOHBTH#EI Nz, 5 H31H I
Hrvv7Fyary, REERHY, BHEZMH IO
HbhothfE o7, $7:6 A5 HKixzR¥% (DLR
fill 4 #1) HEE S, FERCE 6 HREOSHT
Holz,

BAfEHl 7 L > 13 Koln & Cologne & D D&%
FH, ZARKDLRES® DD Dom (KEE) OHTDH
5,74 VIIERKZUZ % Dom i3, iR TE%
RE-> RITHE TGO LR T, 13Hidic
HTLEN, 600FE LA L& RI1880F 58K L 72
Dom i¥, ZOHEDOY RNV T, BOESI1X157Tm
Kb b, EHA> THOWEREEICIZREEDH > T,
BE9Tm DRYEAR & TH09 2B D T L BT E 5,
DTNV DED Dom iZ b BRI & 2 #iEH
HbNTWwaZE5ThHs,

AV 7ryarviy, ReEBEROBLI:
Hyatt Regency Hotel TH%& 6 k¢ SEE LT,

F4 VIXE% Dom DBRERL VRS, BOD
@B TN Ry, GOBMPSHESER, &)
v & 7y a &350 Hyatt Regency Hotel,

(FRE 4 42 7 A10HRR3AT)

1992 3537[E] ASME EEH X ¥ —E R

T HEMPTERr & B X 5k
%M%ﬁé%AD?KHI@Hmﬁ&ﬁ%?é
ZETEDHRY, BEXHMEBOEARTFEE
LeRYZRLA, E—, VA4 E2ETICLE
T AN R BHERCESBEE 12,
HEEMIHD 6 A 1 BRI EFHREE "EERY
AY—E 5, 7ANT > KO Dillon #i#&, R
4 Y D Beyer KiZ & - TiTh Lz, TR 2IX
RTELZSHFR/\GHBEY DAY TRERETHo T2,
A DEHEH OREOF T, 277E» S
OEMMBH Y, WXEITI80ED 25, BRT—
A 50012 3 & ZF OREEIR D ks S hiz,
—EE I 1 H 0 08h% 0, 1782V T,
TXFZNVEY Y a,0T—ty va rdfTbi
Too (TRICEIMFIED L Y & a B, FREHHE
RE O, HFEEESD L L1y v ay,
ATEDEERDH Y, TRV TFh bR ZEZ 5
BbOTH3, SEII/SAZNIST ERUEL Y DKL,
WINL 22—V —FHEDODDDATH o7, F2
2—Y—F Yy ¥ a OERIZM% TH > 123,
51k v & a > EHiEl L IZIZEIHTH Y, 2—%—
ZIMBEBEEEFEVL_NVTH B, 2—VF—FK

ESP~ADAL, TIBZASTIZAHV—F—T

BENLE B LBEFRA R ENRD Y, BReE, £y

vavb—ANEEEL,
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ER#R 1 1 2 0 |2 o] of 1| 1
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3. E¥ERAHRXI—EY
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Bras

1. October 28 (Wed.)

09:30 - 09:35

09:35 - 09:50

LTt e

IOl
7

Sehe e A XL LY > ~ — 7 — AW
AEwE S AMEE S AT AR T =7 b
RETRBMERE S VKT A
AR = /A AN
F . BEIGXBREES AT ARGHEES. OF) BFEEERFRARS. HiEs

% B BEEEATESRNKR. Forly— - EERNREHREE

BifgH : TH4E108H288 (k) ~298 (k) (9SS

£ 18 : TEPIAKx—L (CERIMBEILFL 2-8-44  TEL 03-5474-6119 * BB XM HER D HZ)
TE O HTHRER ARERLDERSSY (BRESJE—Hrikb)

SMBHE . & B FHEE: BFEEBERIUHEE (AER)

Bl &€ % HBEEHIBAELES AT A ERTRES

T112 XRE/NAF4-2-6 /hAJ T SEIL2F  TEL 03-5684-5180 FAX 03-5684-7540

OPENING ADDRESS M-1.

GREETINGS

Deputy Director-General for Technological Affairs,

Agency of Industrial Science and Technology, MITI

and

M-2.

Executive Director, New Energy and Industrial
Technology Development Organization

09:50 - 10:00

10:00- 11:10
C-1.

Simion C. Kuo (UTC) C-4.
C-2. Configuration Study on Combined-cycle Engine for
Hypersonic Transport
Hiroshi Miyagawa (IHI)
C-3. Some Considerations on Ramjet Performance C-5.
Ryoji Yanagi (NAL)
C-6.
11:20 - 12:30 RAMJET ENGINE
R-1. Experimental Study on Methane-fuel Ram Combustor
Yasuhiro Kinoshita (KHI) C-7.
R-2. Low NOx Emission Ramburner Combustor Design for
Super/Hyper-Sonic Transport Propulsion System: C-8.
Preliminary Studies
Etienne David (SNECMA)
R-3.  Problems and Approaches in Designing Flame C-9.
Holder for a Ram Combustor
Takashi Tamaru (NAL)
C-10.

M-3.
EXPLANATION OF THE OUTLINE ABOUT
THE RESEARCH ITEMS AND ASSIGNMENT
OF THE PARTICIPANTS’ DUTIES

TOTAL SYSTEM - 1

Progress Report on Hypersonic Transport Ramjet
(HYTRAM) R&D Program at UTC

12:30-13:10 TURBOJET COMPONENTS - 1

T-1.

Status of High Pressure Turbo Components

Research and Development

T-2.

Research & Development of Low Pressure Turbo

Kaoru Chiba (IH!)
G-2.

Component Technologies

14:00 - 15:00 GUEST LECTURE - 1
The Supersonic Challenge

G-1.

15:10-16:20 TURBOJET COMPONENTS - 2
Research and Development Status of Turbo

T-3.

Masayuki Suzuki (MHI)

16:20 - 17:20 CONTROL, MEASUREMENT and

MECHANICAL SYSTEM
Research and Development of Full Authority Digital
Electronic Control for Super/Hyper-Sonic Transport
Propulsion System
Makoto Endoh (IHI)
Remote Sensing Flow Visualization Techniques
Using Laser and Optical Methods Applying to
the Flowfield of Extreme Conditions
Akira Ooiwa (NRLM)
Machine Elements for Turbo-Jet Engines in
Super/Hyper-Sonic Transport
Takeo Yoshioka (MEL)

2. October 29 (Thurs.)

09:10-11:50 TOTAL SYSTEM -2

Development of Software System of
Three-Dimensional Cascade Flow Analysis
for HYPR Aerodynamic Components
Osamu Nozaki (NAL)
Supersonic Air-Intake Study in NAL
Kimio Sakata (NAL)
Research Status of Inlet and of Exhaust Nozzle
in HYPR Program
Hikaru Takami (MHI)
Present Status of Noise Research
Yoshiya Nakamura (IH!)
Basic Study for Fabrication of High-Performance
Thermal Barrier Coating
Satoshi Sodeoka (GIRI, Osaka)
An Evaluation Study on Heat Resistant Advanced
Composites Materials
Akinori Ogawa (NAL)
Research and Development Status of Demonstrator
Turbojet Engine
Hiroharu ltahara (IH!)

12:00-13:00 GUEST LECTURE -2

Concorde Successor: Mach 2 or Mach 5?
Mr. Philippe Picq / Aerospatiale

14:00-14:20 TOTAL SYSTEM-3

C-11.

Mr. Robert A. Davis / Boeing
Commercial Airplane Group

Lubrication System Design for Super/Hypersonic
Aircraft Engines
Jerry L. Cabe (G E)

14:30 - 17:10 PANEL SESSION

Combustor

T-4.

Yoshiki Enzaki (KHI)

Core Engine Emissions Control Technology for

a HSST Combined Cycle Turbo-Ramjet Engine

Bryn Jones (R R)

T-5. An Advanced Cooling System for Ultra High

Temperature Turbines

17:10
Toyoaki Yoshida (NAL)
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Forecast on the Engines for Future SST/HST

Mr. Hiroyuki Nouse (NAL)
Representatives of UTC, GE,

RAR, SNECMA, HYPR and

Mr. Chikanori Noda (JAL),

Mr. Tsuruo Torikai (JADC),

Prof. Shojiro Kaji (University of Tokyo)

CLOSING ADDRESS
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