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CAES with air humidification (CASH)

of a CASH cycle whose main elements are shown in this diagram.
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Expander Train

For its current lask in the depleled gas field TVA project, EPRI is working on the concepiual engineering aspects

Depleied Gas Fieids

Motor
H LP HP
Gen
\\ 4
Ambient Air  Clutches Fuel @ Fuel (HP
Y Y
Supplemenlary KNAR
Firing
AFTCLR INTCLR2 INTCLR1 (As required) Recuperator 1
L L [
Hot §|>(Cases with No1-
o »:;ater 1 water Storae) Supplementary Firing
Makeup Water (As required) AAAARA
Storage Water Heater
b o
4 ] 23
) -\ }_ Air Satorator f—
w Makeup Water ~¥ |
—0500 2
) |
Y
¥ Stack
> —
T
X PN
] (W]
= / o
|- —=—
Underground
Reservior

X 21 HAT KK BFEE CAES ¥ X5 A

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/0770430 —



Vol. 27 No. 2 1999.3

HEZE—EEREBE —H X8 —EBiR (2)— 93

Hbo

CAES Y AF ATIZLANF— ANIHMEN L BE
THY, THINF-—HHZIEHBNITH S, LA oT
HACBEHEER VBN EREE L EHOTHI LI
TERV, ZOREEZBEDO VAT AIIEBEHRRD L,

BARBLE—FVRAFTAY—EY (GNL VA7
V) REEEERIEDDOICHYT S, EBIEBEIEHT A
F—V DML RS - F— R 5HEL, WiEE
HHEEN TS EEEERAZERL, TOREERT
Ve 7B ICREES: - ¥ — Y U 2B L TEN 2T %,
RICKEEF A -y (B&H1) 220 % % CAES
fbL7-E35E, RETOBRMBN 2.5 03605, il
HHEBEN 1.5 2HETAHNZOBNZHAKRETER
FTHIE1.5%0.7=1.05 DEMEBNE %5, LLdoT
CAES R ¥ — ¥ ¥ ORI T HIEWREIZ 2.5
1.05=1.45 £ % %, B BRHTH 27 REEERE

MPHERH 2 & — ¥ v EF U ThIUE, BETITHSET
45% b ETHI LD, TOT LA CAES VAT
L OAETEAE 2 SEH 3 2 A S TH 5. ERHEEL L
TEF2EK2HEHEE @GR CHET20EATRET
H ) EBICIRERMNE T THET 5205, ZORRIZHAK
WEBL AN F— DL L R DRI T IR L, £2T
CAES CFENZANF—LBETANVF— 5B LE
W 2008 T L, RET HIRE T AN F— I3 LRE
WIZFEVF—HEOBVEREEDBRKPEFETHY,
HAT %4 2 MICE L2/ E 5o

¥ 2113 EPRI CKEEH#FERT) © HAT BHEFH XD
REHITH S,

10. AxRFIAYTAL 7V
10.1 ARHRIEIANLIFHL 70
IGCC (Integrated Coal Gasification CC) DA R ¥ —

o oWm K
H A

[ER R |

(B Mz |

[Z)— vy TR

7 2qhp MO

RERE \ /| Bibh i E

©) _

HRL-EV
KR O
i
HAIK

ARHRLEERET 7 MERH

X 22 AEAALFEE IGCC DY AT LR

Download service for the GTSJ member of 1D, via 216.73.216.204, 202510304~



94

HAE—ELEBEE —HZX2—E R (2)—

BARAR 2 —EFRE

VUSMORERIIBEDTI VIS, VR L 2V E VAT
LELTREDL RV, BEF 132 MibH & LT
AR EKER T TRA LEBRF CARZERES S, KE
E—MLRFBEERGETHETAZREREL, Zhrar
NA Y FEHA 7 VOBEET LN TH D, BFEKET
BETHHBDL, KEKL LTHIL HRSG & &bt
THHET 5O T ST OMAHLEIEHRE CC L DITKE W,
IR B CTREOLABE L SIS RO EEF AR
il LCHIfr s h, BT AOREE, B, RELED
Te AL OB ED SN Twb, K 22135 2 bHF
DOREIK & IGCC DHERH %R T

10.2 MERBEKI NI N1

PFBC (Pressurized Fluidized Bed Combution) &7’
AT - rBERE LIGREOT N, Y P AL IV &
DIEERKITOH T T —IGEWFEET, PR AT
WKREINTWANT Y 7 AR 5O AT S >
AT ETH 5. MEIRTROBRBEF IR & KA
ASNIZITHBEHDOER TEEMRBESE 5, FHRIZE)
B TRIETTORBELITY, BAEBREORKTTITRA
7 & UTHEES 2 IE N FSRNIBORTE, BREL T
STt N b, BEFRAI®WIEL %Y OBIRE R
LCWwWbDOTH frurenb—%, 537740

[ mEmsikA4 7 ]
P YLy o ﬂt NS
FIYTTANA
— N s et eee e seneeeen
— || T [(EEaERs —E v ]
Wﬁ {_ s g
. > 19 7R
E’Eﬂ/‘yﬂ‘ gy,j—; Lyt (- ! ) Ay
=2 BIRES
e i @V
R BT \ S ' ’ R
HAZ—EY - 1’}32 & P x4 3
. 5 R & /
AvEs—3 K
= y s 5
Ml KR ﬁﬁm
................ T?.m“mu\/"m“m. B
AR P) kA7
AT~ T .
l 7 fk ) w7 ()
221 5 sz
j HeH 2 —5
(Ripeas)
LL |
PFBCHBED Y AT L7 0 —
- BT RESKN
- - RE N _— o
(R A= ﬁ%‘, EH 7;%}]% FIGELRE | MBI
(MWe) (kg/cm®) (T
HITR 5 ABB L
AT IHI 71 102 593/593 FEE 1994 4
NES ABB o "
HEZ 1 52 HI 360 246 566/566 14 H 1997 4¢
L EE S o e
R 5 B MHI 85 169 566/538 1) 1996 4
HEE) . 500 A
Kl ST H 7 (200% 2) 169 566/593 7 1999 4
Vartan P/S 135 BAFEOAE
(A z—F) ABB (224 MWT) 140 530 HEH 1989 4
Escatran P/S B
=== /,
(24 2) ABB 79 97 530 EHE/HEH | 1990 4
Tidd P/S =
(7 A7) ABB 73 92 496 e 1990 4%

X 23 PFBC @Y A 5 A REKL & E il

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/8432 —



Vol. 27 No. 2 1999.3

HAA—ELEREE —H 24— 85 (2)— 95

yory Ty FLoby—ErchHEEL, 3561
HRSG 2R T s s,
HAY—EVOMBPBTIDVATFLARBETLE, E
Mk A 2o ST, BRBEZR O D 12 PFBCIZ A D) #A%E
HAEL ST —EVILRLRT, BFEOL—T A
IV EEDLS BV, RICBIIRIZOWTERTLL, &
BEPFROBABERB L CIREILBEKIORA T R
boLRVOT, BBE L) ORABER, T4DL
ST (R g BB BRR I R S RITE R %o
PEBC #4 Z VIZGT &5 THOMI L Y H STHZTOD
HWHEEKE VD THEMIE CC DRI LBA S T
LIIAURETH BAY, BEORARKI LY IZEVEERS

W CcE %, £/, PFBC ZFHTHIEATEXL0H 4

EptE OB TH S, 2313 PFBC %4 7 VORERK
EEHBRTH B,

11. BHYIC

2 WIZEH - THAY —E vOFkAR L ZoHp ot
Rk 7e, WA LIRS OW OB L2 ) B2
TEX-HAY—Y OS5 HAOBEBIIIEBEEDO—-AEL
TR ER b0

X CABOTBNEZ 5V B THRS L BHHEEMT
Ll LA RARREICRE L 2 Hvidhon
Vo IRITSEEOBMEZRELHERET I DR
T2, AEREEVPRERFL TELEMTHOZD,
BEEB 72,

Download service for the GTSJ member of ID , via 216.73.216.204, 20250 B3 —



96 BAHRXEZ—E 20

Vol. 27 No. 2 1999.3

—] $XifTER

EBIH 100 kW CGT W BLHER ¥ — 2 u— ¥ DOh3E

Development of Silicon Nitride Turbine Rotor for 100 kW Automotive
Ceramic Gas Turbine

Xx—J—K:kS5IvrHFAF—VY >, CGT, BILHFE, u—%, ik

B M KE B

SHIMAMORI Toru MIZUNO Ken-ichi

4 T EIUE S

MAKINO Keisuke YOSHIKAWA Takaya

MR Bk

IZUMI Takao

B2, Bk, BOREEREL

Ceramic Gas Turbine, CGT, Silicon Nitride, Rotor, Strength,

Fracture Toughness, Burst Speed

Abstract

The ceramic radial turbine rotor has been developed in order to attain the goals of the 100 kW automo-
tive ceramic gas turbine (CGT) engine. Since the flexural strength and fracture toughness of the mate-
rials were recognized to affect the room temperature burst speed of disk shaped samples, we have in-
vestigated to improve the both properties. Consequently, we have developed EC — 157 silicon nitride
material. Using the photographic technique at the moment of the burst, we overcame the problem of
the fabrication process. The EC —157 rotors have made clear the high burst speed at both room tem-
perature and high temperature, and the performance allows them to be used at a rate of 100, 000 rpm

and a TIT of 1350C.
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Experimental Study of Shock Wave Fluctuation in Transonic Cascade Flows

Abstract

HE  #ak™

SHIRATORI Toshimasa

BT B

MATSUSHITA Masahiro

W) %2
B B
SAKURATI Chuichi

An experimental study has been carried out to investigate the behavior of passage shock waves in two
-dimensional transonic cascade flows. The experiments are performed for a staggered case with 30 de-
grees. The time dependent streamwise shock wave positions and the wake fluctuation are measured
by a specially designed measuring system with a line scan camera. The results show that the shock os-
cillation and the wake fluctuation are classified according to fundamental frequency.
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Methane-Fueled HYPR Turbofan Engine
09:30-10:00 Opening Ceremony. S. Hayashi (NAL)
AIST,MITI, NEDO Miyakawa (HYPR) " V-7. R & D of a Low Nox Combust for HYPR Turbofan
10:00 - 10:40 Session A HYPR Program Overview Engine
A-1.  Overall Review of Achievement in HYPR Program (1) Kerosene —fueled B. Jones (RR)
S. Abe (HYPR) (2) Methane-fueled Y. Kinoshita (KH/)
A-2. Research of Eco-Smart Engine for the New Project 10:20-13:10 Session T : Total System and Control &
K Ishizawa (HYPR) Measurement
10:40 - 11:20 Session R : Ramjet T-1. Design Evaluation of a Hypersonic Air Intake for a
R-1. Research & Development of Methane Fueled Ram SSTHST Combined Cycle Engine
Combustor T.Oda(KHI) Y. Utaka (MHI)
R-2. Ram Jet System Research-Results of the 2nd Free T2. Research of 2-D Variable Exhaust Nozzle
Jet Test Y.Enomoto (KHI) K. Kishi (MHI)
11:20-13:00 Session H : High Temperature Core T-3. High Temperature Lubricants and Machine Elements
Engine (2nd Report) Y. Enomoto (MEL)
H-1. Research & Development of High Temperature Core T4. High Performance Thermal Barrier Coating
Engine T. Fujimura (IH)) K. Ueno (ONR))
H2. R & D of Efficiency Improvement for H P Compressor T-5. Research of CFD Application in HYPR Program
' 1. Mizuta (IH1) O. Nozaki (NAL)
H-3. Research and Development of High Pressure Turbine T-6. An Application Study of C/C Composite to Turbine
S. Yamawaki(IH!) Rotors A. Ogawa (NAL)
H4. R &D of High Temperature Combustor T-7. Research of Advanced Materials in HYPR Program
M. Kobayashi (KHI) S. Nishide (IHI)
14:00 - 15:00 Session G : Guest Lectures T-8. Laser Aided Fiow Visualization-Doppler Global
G-1. NASA's High Speed Research Program-A Status Velocimetry A. Ooiwa (NRLM)
Report Dr. RJ. Shaw (NASA) 14:10-15:10 Session G : Guest Lectures
15:10-17:00 Session V : Variable Cycle Turbofan (Continued)

V-1.

V-2,

Engine
R&D and Simulated Altitude Testing of HYPR
Turbofan Engine
(1) Research and Development of HYPR Turbo
Engine Demonstrator T Asako (IHI)
(2) Simulated Altitude Test J. L.Cabe (GE)
Research of Jet Noise Reduction
(1) Research and Test of Mixer Ejector Nozzle for
Noise Reduction Y. Nakamura(IH|)
(2) Flight Effect Simulation Test with Scaled Mixer

Ejector Nozzle A. Dravet (SNECMA)
V-3. Research and Development of 2-Stage Fan
A. Tobita (MHI)
V-4, Research and Development of Low Pressure Turbine
R. Nogami (MHI)
09:10-10:20 Session V : Variable Cycle Turbofan
Engine
V-5. Advanced Cooling Technology for Ultra- High
Temperature Turbine T Yoshida(NAL)
V-6. Nox Emissions from a Model Combustor for the
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(G-2.  Super-Sonic Transport, a Vision of Airfines
Mr. T Kubo (ANA)
Session T : Total System and Control &
Measurement
T-9. System ldentification for Advanced FADEC
N. Sugiyama (NAL)
T-10. Research of Control and Measurement System in
HYPR Program Y. Soga (IHI)
16:00-17:20 Session C : Combined Cycle Engine
C-1. R&D and Simulated Altitude Testing of HYPR
Combined Cycle Engine
(1) Research and Development 7. Mitsuoka (IH/)
(2) Simulated Altitude Test J. L.Cabe (GE)
A History of the Ram Combustor Component
Technology Development for the Japanese
Super/Hyper-Sonic  Transport Propulsion System
(HYPR) TH. Powell (UTC)
17:20-17:25 JITA

=0

15:20 - 16:00

C2

Closing Remarks
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