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Table 1 Combined-cycle power plants in JERA
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Fig. 1 Gas turbine upgrade work at Kawagoe Power Plant
(On-site transportation)

Fig. 2 Gas turbine upgrade work at Kawagoe Power Plant
(Gas turbine installation)
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Table 1 List of emergency installation power plants

Start
Output Operation Current status

Higashi-Niigata | 26.9MW 20118 Abolished
Minato No.3 X2 ’ (2015.3)

. Abolished
Niigata No.6 3AMW 2012.1 (2015.3)

. Abolished
Akita No.5 333MW 2012.6 (2019.3)

Higashi-Niigata Abolished
No5 S3MW | 20126 (2019.3)

. Conversion to GTCC

Hachinohe No.5 | 274MW 2012.7 (2014.8)
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Table 1 M501]/M501JAC Performance spec (ISO)

M501] M501JAC
Frequency (Hz) 60 60
Pressure Ratio 23 25
Gas Turbine Output (MW) 330 435
Gas Turbine Efficiency (% -LHV) 42 44
Combined Cycle Output (MW ,lonl) 484 630
Combined Cycle Efficiency (% -LHV) 62 >64
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Fig. 8 Validation facility of enhanced air cooling system
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Fig. 14 Metal temperature distribution of enhanced air
cooling combustor
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Fig. 4 System of wireless sensor
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Our Effort to extend the Service life and

Performance of GT intake filters
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Key Words : GT intake filter, Filter element, HEPA filter, Filter house, Improvement / Modification and

Rehabilitation of GT intake filter system
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Table 1 Comparison table of air filter testing method and grading

(6X7)8X9)10)

JIS B9908(2001 ASHRAE Standard 52.2(2017) ASHRAE 52.1(2009)] EN EN779(2012) EN1822(2009)
fest1 (ttagx) |Minimum
fastz(tb@ik) |Efficiency Composite Average Particle Size Average 3::{;3; Filter Arreg\;?l-ce of Avg Eff at Min. Eff, Efficiency at
BRI (HEE) |Reporti Efficiency(%s in Size Range pm) Arrestance > Class 0.4um at 0.4um MPPS
DIWRI=THE Valﬂi n Y 9e H Efficiency Syn Dust H H
Range E1| Range E2 | Range E3 Test :ggaFl,Ep Test Final DP 450 Pa
MERV | 0.3—10 | 1.0=3.0 | 3.0 — 10.0 % % % % % %
N/A N/A E3¢ 20% | Avg<s5 <20 Gi1 50%A =65
- N/A NIA £3¢ 20% | Avg< 65 {20
B g /A N/A E3{20% | Avg<{ 70 {20 G2 | 65%A=80
FeR3(EEE) y A N/A E3< 20% | Ava<75 | <20
HEISTLIALS /A /A 20%=E3 80 20 a3 | sov%A=s0
kb E A /A 35% SE3 85 20-25 =
/A /A 50% SE3 90 25-30
— =
8 N/A 20%<E2 | 70%=E3 92 30-35 G4 | 65%A=80
9 N/A 35%=E2 | 75%=E3 a5 40-45 M5 40%A =
10 N/A 50%=<E2 | 80%=<E3 96 50-55 Em60
Ttz (HE%) 11 20%=E1| 65%<E2 | 85%=E3 97 60-65 M6 609%A <
b EL' ;?%ﬁ” 12 | 35%=E1] 80%=E2 | 90%=E3 98 70-75 Emgo
! ’“ 13 50%=E1| 85%=E2 | 90%=E3 98 80-85 F7 809% <Em90 35
14 75%=<E1| 90%=<E2 | 95%=<E3 99 90-95 F8 90% <Em95 55
15 85%=E1| 90%=E2 | 95%=E3 99 95 F9 95% =Em3 70
16 959 <E1| 95% <E2 | 95%=<E3 100 99 E10 >85
=11 >95
st (Rt Bik) nla 2395 |
% EIZHEPA AL _ . H13 >99.95
< N/A N/A N/A N/A N/A N/A H14 >99.995
AR
15 >99.999
Uis >99.99995
Ui7 >99.999995

Agreement) 7 &, FEEITOEE ORI D S
WOV ThiakE L, L0 X ) RIRENELD
FIZEZ T IACH R B DOV THRETT A X ) 12k -
7z

R0k nEoEE, GT2—¥F— - F—F—

Oz X, % 4 OIPP (Independent Power
Producer) F8®EAT & LML % T 5 Z & 25k 72,
MALFERIFE OB A P RLICRE T

- [d) BE 12 Major Maintenance FEjii 3 % 2 #DGT
(177 : 245MW) @9 5, 1 #IZHhERe” 7 2 (EN
Class F8) #i%XE LT 9 1 HICHEPAY 7 A ([H
El12) #%i%iE

CGTWES 7 4 WA ALRRDIANE, AV T F Y ADAT
—YPFEMz v (BREEH - AREEZ L)

CREARKIZE o THRERRITOOSNTWE 2D, F
A L EED S H 4 DHeat Rate 2HH LT
Ay MEEEIT)

- HEPARZEOGTIZ 2 ¥ 7L v H =125 A F 5
BT AHIETHEDEMILSEONT T AL,
Heat Rates b5 CEAL) 35 L€ LT, MGTO
Heat Rate7: % % Hitsk 3 %

<Ay FOFHETE () IETRO@ED .
Heat RateZ: * H4OREE (2HOFH) * 7
itk (A OF¥fE) = —HHZh DX v b
M) v MEEHARE LT, LFEBZEE R o
B2 v MEERT

- EEPZEO WML, 34EM D L IZHEPA7 4 V¥
DEEN IR ET L ETET S
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FReDREN T b N B BILFEMFETRIES 5 HEPA
TZANTIE, BAFmE D EL R D720, B0 @R
DN & 2 FERR S B LEA D Y, X S OB A
DRERE IR - FHIMELZNENIZ L 20 bhiE
ZEH, HESECF R R L 720

Fig. NZILEMIZE L 72GTW AR 7 1 V¥ = %, Fig. 2i2
SIEEHICH WX - ') 2 7RO~ %R,

GTY
(Adopted E12 Class)
GT X
(Adopted F8 class)

Fig. 1 GT intake filter house
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Off line washing of GTX

ST P

Filter amount / module ; 13 X 5 = 65pcs

Diff. heat rate before adapting HEPA
#This GT intake filter house has 8 modules /

Differential Heat Rate = GTX - GTY

g'r X: No adapting Shinwa's HEPA
Iter
GTY: Adapting Shinwa's HEPA filter
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Time (hr)

Fig. 5 Trend of heat rate value
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Fig. 3 HEPA filters in GT intake air filter house (Btuw/kW-hr) F2EECT/HERRE L 2o 720 fEo T,
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Fig. 4 Comparison photos of IGV
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ANy FBROENTT Do Tz, BEORRAE
TR,

Output 245[MW] X 11[MMBtu/Mw-hr] X 8,000 [hr/year]
¥ (Heat Rate increasing percent 1[%] X 1/2[Due to Triangle]
= 107,800[MMBTU] X 5[USD/MMBTU] X 2[year]
= 1.078 [Million USD]

ALY —E v OWREIZGTMA 7 1 )V 7 ORI
b, MR, MBS AEICL > TEHT S
DEBHFLTVEDS, BILFAFRIZL > THRRT 1 VY
DEBPETORELSHEETLIILEYRDTHERT AL
AR, YR TIIEEE OB ERATE WA, Blo
A= —ORBEDON N ZFHOCTTIX, E127 7 AD
ERIER T ANy REA L2 LT, Heat Ratel2#3 %
OUFHBEBROENTZZEDdDHY, GTA—h— - LHBE
SEIZ L o TGTWAR 7 4 WV 7 B AL DB I3 DS
Hbo
22 ACFxI7 (GTRREDOAIBEE

A4 Y PR TIEARIPEE—RT ANV T - 7 H]
2 HD DU, KIRT ANF20%RIEE o Tnh, Al
THBEIEFEIIGR L7290, 20154124 ¥ F 4 ¥ 7 B
P3HeAE L 7235GWBH B8 5t 12 460 X S8 TR A | O B A
HHENTWVW5S,

FOXH WM, FIU M A—H— %W THEEMGT
O T IO 4 F2MALTIHE, khdkdT
WHRAEELT ) Y7L, bt TRAERSE % J
LCSET T v oEr Lz,

221 EBEFVUCTERRERNE HExiML A
ZRAL, BAEOCTRIBIZOWTHER L 72, Titl2hk
BRIRT,

GTZ® : 240MW

GTWAR 7 4 Wt A=Y v VR

P A MOSiH IR R S )

CTHEEL L GTHIMKT o]
FREERRL, KL OGTIRA 7 4 V¥ Ex R L
72&Z%, EN ClassTF82 5 20 A — ) v V7 4
VT DRVPHEBEBSNTVDLRNTHS L xR L7,
Fig. 7TIZf%EA A — V&R,

F72, SNV AZEBHHRRIERBLTNDLH0D, 3L
A ERIRPEN (A MPETET, EIIERAE I R

Fig. 7 Image drawing of GT intake air filter

Table 2 Comparison of dust density

Vietnam

Country Indonesia Thai land (Ory Seascn)

Japan

Location Site A Rayong Province| Phu Ny Province Industrial area
(date) = 26 Apr.. 2012 26 Apr.. 2011 28 March. 2011
Dust density || 0. 089mg/m® 0. 066mg/n’ 0. 088mg/m’ 0. 065me/n’

Table 3 Comparison of particle size distribution

Date of measurement =
Place of measurement Site A
over 11. 00 g m| 0.20 6. 3%
7.0~11.00] ¢ rm| 0. 30 9. 4%
Amount of dust [4.7~7.0 [y ml 0.30 9. 4%
weight 3.3~4.7 [um 0.40 2. 5%
by particle 2.1~3.3 |um 0.40 2. 5%
size(mg) 1.1~2.1 |um 0. 40 2. 5%
~percentage (%) [0.65~1.1 |um 0.20 6.3
0. 43~0. 65 ¢ m| 0.20 6. 3
under Q.43 u 0.80 25 0%
total 3.20 100. 0%

LZzw) EoFEEs7z,
KEENEIZ, "R 22— 7%V 7TFI2L DK
SERE (mg/m3) &, TVy¥—kryIT7H 7512
X EEEOREGA (Ww/t %) O2O%FEEL, i
FA ML OOYERE MG L7z, Table 2, 312l
ERERERT

M EAE R OV HRI S, HIZT V7 4 vy & ik
BT 57200 Th, KRN TFBREDD, a7
L A7 4% (Coalescer) DiXiE#REL THKREZH,
Fig. $IZHIH 7 4 )V & kD 7R T,

=G
Currently © sy \) \\
e e )
Pulse Filter
[F8]
New system 1

Sy Cartridge HEPA
\ Coalescer Bag Filter [E11]
. [61] [M5]

Fig. 8 Comparison of GT intake air filter system

2.2.2 GTHRRKREADHE Coalescer & Pre filter & i%
B9 57280, BIHFHER ORI - WEI5E & Okt #Eia,
GTWR 7 4 Wy BOWRHYGEEZTIFL o720 WA
&, 74NV EBNEOR - IR T4 VY KBTS
7oMWL L, AERBOGATICIEEIERZ KD
B ENILDTH 5L,
RETDHT7A4NVE LAY MEWEA T2 54 L
YETHHAOEM RO T 3E#HIEA » P2 7TENTT
fid L 7=

Fig. QI LHIRWOEHE %2 /KT,

Vs FEME, BT 2REBGT (hkik7 1 V¥ 23
%) MR L 7RR, CEAER 2 RGE L TIOMWIE

— :322 —
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Fig. 9 Photo of modification working in filter house

EREWIRETH L (UOHEREZ MR &5 ho
720 Fig. 10lICGTH MR DL S — T %", F 72,
Coalescer & Pre filterz 8% L722 LT, #—FV v ¥
BT 4 VFIZHET DS AR, SGEmL D b Y
TANIFMHPRL BolbBELID XY M ETHV,

Comparison Curve of GT out put between GT X(F8 class ) vs. GT Y(E11 class)
300

, GTX

o GTY

[
:
:

o 1000 2000 3000 4000
Operation tmehr)

Fig. 10 Comparison of GT output

23 XF%23 (GTERRENUNEUTF—232)
20204F 2 AT X F 3 22 BT 5 EEMKIL, K
SR A2 & % Combined Cycle GT2%%960% T 5%,
ZDOLBOCTHRENHEIE SN T WSS, ¥tk
AFE Y ABIRCIAIET SN TV BIPPY A MIERE s
ATD7 4V ZISFEL L L THALTW5D, Tl
244 A b ORISR A R

GT# = : 166MW

GTWAR 7 4 WKt Ry 7 ATI®

P A boSH RIS BT S (k)

T HUREFE T 4 VFICTRE L 44D ED

e it

BURTIE, El22 7 AD&EMET7 4 V& TIFREDH
o Tnb, ZOXH)REBRETT, GTAVYTF
AN AR TR A D D, FHEZ TFADT 4V IZT
4AEDL L2 U CRR B %2 SR L 72 v & TRV 72,
F72, VA MRS QI L Tw B 72D EDHEA
PIREO T A NINTI A% Y NE) T—Yaryliznt

THYUTHX, ERORERLT 4 VI EOMEEMRAL T
WENAERE L,
231 REANT ERHEROMRE "UFE74 V5
T (GTH) FEEFEA TRV & ZEEL 72
ZIT, W7 4NFOEFRM AR - WEL, #ik
BT ANINT A% 5 REHTHEDEY 2 — e LTH
HIUTT, VI 4 NWIHEREEEST LTI & LT,
Fig. 1NCYEROMIEIR - TEEZRT, B7 4LV ¥
FIWILATMA SB[ E]M) ANSEER-THED,
MR 2 & il (S5 280 - Wk %,
Fig. 120127 4 V¥ BV 2 — VHEER %2R T, 474

(Coalescer + Pre) (HEPA)

T
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e
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. R

Fig. 11 Draft drawing and picture of this project

VEEY 2= NVEEGICERTOMARR, BEHT7 1V
yELBBICTRET 5.

Fig. 12 Image drawing of filter module

Table 4127 4 WV F AT EZ R T, Kl - A 7B
FHZCoalescerz AL, L7 4 VT RIEHR . E
Fy A TIEHETHI LT, REEOERER7 4V E
FOLRZ KA D WA OFGIHE T 75 4
R TBY, RABRENEOKERS T TCOEREMN
EhS, HBHA MIBIFL 74 VT FlFEGERD D
DMK L, Fig BIZFHEGT TS F L% KICH
N L7ZE RO PRER 2R, M, Case-LIZREAE
T4 NIRRT, Case-2 3HH 7 4 Vv ¥R 2183,
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—
Appearance If" O
Ll
EN Class G1 G DETEED s ET2(FB+E12)
Name Salan-Rock Dea Kleen GT Dea Deep PF Luna Cel GT Duo
Model OM-150 STC-592/592/96 DDF-PF35-FFLZ LGT-D-YY2JX
Dimension[mm] 584x594x25 592x592x96 584x584x500 502x592x292
Filter Element Salan Fiber Synthetic Fiber Synthetic Fiber Glass Fiber
Efficiency - (Remove water drople|l 90% (Mass Method) | 95%(Mass Method) 99.97% @0.3pm
i 56 - 70 56
Initial Filter DP (Pa) 30 65 64 425
Recommend DP(Pa) 250 250 294 700
Dust Holding Capacity 2000 200 2400 1,600
lg/unit] e ines
Weight [kg/unit] 15 2 25 127

1000

900

800

Recommend final value of HEPA : l
GeGba

K - =
[ESRC B
w00 | — . :

AR BB
HEPA Filter DP(Case 2)

Differential Pressure [Pa]
)

300 : /A_

N

ki

o
Operation Hour [hr]

Fig. 13 Comparison of estimated filter differential pressure

232 BWIIWC2WT EMRAEMMPICETL%ET
FTLUEDNDY, FLCTHAEZIERIIOLLNE Y
b TVUFACEETAMVEICDH D20, MOl TS
EDOFEPHHETH 72, MAT, HRAEFEZBEL TR
F I aENOEF IR L 72720, THIE R G
BEBIZOWT, HREIIERZZHLEZE DD, B
BIEUODBEREMNORNCEI VTR T 52 LAk
7oo ZOWEAMED TESEILP L RiF 5,

Fig. 14, 151280E THRROEHE AR,

Fig. 14 Rehabilitation of GT intake filter house

Fig. 15 Rehabilitation of GT intake filter house

3. FREERUVHERE

WECIE, DS T S 2GTRA 74 V¥ =
LAY RO BRSO RRE - B A vz —
P HE CEELEE L TP 2R Lz, 5% D
% - BREAE BVBRE RN TR M REE - -1
A E#ED L Z LT, HAKRTHHDOHT A S —¥ »
EROBBIZEM LW EZE LD, ZOREGEL 25
ik BB, EINAAOGT—F— & Off4 2 5| = 3
ELTBEY, ZORKETHVTWRHIIEH L THOL
T 5
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Performance and Maintenance Management of Gas Turbine

Oil

IIH B!

YAMADA Kenji
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Key Words : Combined Cycle, Gas Turbine oil, Antioxidant, Sludge, Maintenance, DryTOST

1. [FU&HIC

HADUINA ¥ B A 7 VIE Y AT AI1E19804EF8 0
LBANIET Y, TORBBETAD Y - v ALED
FIALIC X 2 REBRIEOYESK N T E . BREET X
1B A LW D1100C # A 51300CH, 1500CH & F
AL, EETIZI00CHDO BRI EMLEI N, S5
I21700C OB ERN RO E-RFPER 7 a0 Y = &
MIEDIEHESI TN S,

HATVINA Y B A 7 VEEBEOEIEREERIZED
% W33 Fig. 1 OFEMMILITIR T Y, 201140 HH
ARRERLRE, B NREBOEILORELZF ERLT
BY, SHBELR DY L COMIM L EBEEMRE O
EAHfEEh T2,

¥ — ¥ M I Z OB & LT 25 2,
HATYINA ¥ RH A 7 IVEBIZBOCTUIBREET A DR
% AT 2 AN DS IRV X A 2 7 o S 7 A B
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Fig 1 Power generation composition ratio by power source'?

2%In 2010, Total of 10 electric power companies from The Federation
of Electric PowerCompanies of Japan. In 2018, 10 area totals from
the energy survey by Agency for Natural Resources and Energy

Rt 202049 H 4 H
* 1 I ZAEAMVTY VB
T3400193 =EFHEBLE1134- 2
E-mail: kenji_yamada@cosmo-oil.co.jp

Chhe FOROHAIYINL Y KL 2 VIEHD
¥ — ¥ IR RIIEZ D 2EHOT X 5 —
oz BE L uEe shv, F72, $ElkHE R
BN D ZEMICHE T 5 720121%, TAF—E U
OFFEZ R L 7: LTy 2 BimE e £ 5 2 &
MWEETH D,

2. HARE—EHIIKD 5N B14EEE

¥ —¥ ile LCOERNRIERIGEEREE, By
EPE, SO, Wl BRSO, RIS
ALY —¥ AHTIEERIbE e % il USRSt T To
REHICH 2 B2 RE2 M5 Ladhida by, £
TR IZ B 72 S X B F 4 VISRED S
WhWBE ATy IVFRAET D EMZOME AR ERIE
DY AR OEIRICERE X T A H 5720, Hil
REMADBEEIIB N THRDERTRENTH S,

ASTMBE NISOICH e SN B NHZ 4 7 L OB
7 — VMO FmBIE % Table 1 1R, F 21T A
F—E UMOplE LTUFT RS — ¥ ViloMkEDO—E
% Table 2 127”7

ASTM, ISO& b IZHEImA & — ¥ v il o B TIldme
bz ikl —oTdH HRPVOT (Rotating Pressure
Vessel Oxidation Test) @ FFRAEAE  BEE SN T W5,
RPVOTIEZ 4@ il 7K, MILEEER OLETE T Tl &
150C o FimmE L, BRAbBiIEFIANEFET 5 £ TORE
MAFHET 5. AT v T OIERN L LA 2 T
ili L2138 S s, BRALRA IR F) o 25 dy & JIRE R L2 3P C
&%,

AR —E VLAY — €V IORPVOTHE O\
EEICEBILB A ORZBICE DT, BRy—E Vil
TIE7 = /7 — VREALBEIEA], #A S —E HTIRT 2
VRBALBIEFI M S NS Z N TH D, T o
=V SREBALR AN A OB 5 LRPVO TS
BHTH L) REMLIITEL VWAV, $/272 ) —
WRIRALRE LA O Tk b — R 2 DBPC (2, 6-di-tert-
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Table 1 Specification for turbine oils (VG32) (Excerpt)®-#®
Test method ASTM D4304 I1SO 8068
Progierty Unit Type‘l Type‘lll L-TSATGA L-TGB.TGSB
ASTM ISO |(bearing temp. |(bearing temp. (high temp.)
=110°C) >110°C)
Colour rating D1500 2049 report
Appearance(20°C) rating - - clear and bright
Kinematic viscosity(40°C) mm?/s D445 3104 28.8-35.2 28.8-35.2 28.8-35.2 28.8-35.2
Viscosity index - - 2909 - - 90min 90min
Density(15°C) kg/m’ D4052 3675 report
Flash point(COC) °C D92 2592 180min 200min 186min 200min
Acid number mgKOH/g| D974 6618 report report 0.2max 0.2max
Water content % D6304 6296 0.02max 0.02max 0.02max 0.02max
Pour point k(& D97 3016 -6max -6max -6max -6max
Demulsibility(54°C)™ min D1401 6614 30max 30max 30max 30max
Foaming seq.1 mi/mi 50/0max 50/0max 450/0max 450/0max
seq.2 ml/ml D892 6247 - - 50/0max 50/0max
seq.3 mi/ml - = 450/0max 450/0max
Air release time(50°C) min D3427 9120 5max 5max Smax 5max
Rust preventive .
S TN— rating D665 7120 pass pass pass pass
Copper corrosion(3h,100°C) rating D130 2160 1max 1max 1max 1max
Oxidation stability(TOST)
-time for total acid number 2 h D943 p— 2000min 5000min 3500min 3500min
-sludge after 1000h mg D4310 200max 200max 200max -
-total acid number at 1000h mgKOH/g| D4310 report report 0.3max -
Oxidation stability(RPVOT) min D2272 350min 750min report 750min
Oxidation stability(m-RPVOT) % ;.E:,z dzi:iid - 85min - 85min
Oxidation stability
-total oxygen containing products % - 7624 - - 0.4max -
-sludge % - - - 0.25max -
Oxidation stability at high
temperature(72h,175°C)
-viscosity change % = = = report
-acid number change mgKOH/g | D4636-2 - - - - report
-metal specimen mass change
(steel, aluminium, cadmium, mg/cm? - - = £0.250
copper, magnesium)
Filterability(dry)Stage | % - 13357-2 - - 80min 80min
Filterability(dry)Stage Il % - 13357-2 - - report report
Filterability(wet)Stage | ** % - 13357-1 2 - 50min 50min
Filterability(wet)Stage 11" % - 13357-1 - - 50min 50min
Elastomer compatibility NBR
-volume change % 6072 -4~15 -4~15 - -
-hardness change - - -8~ 8 -8~ 8 - -
Cleanliness rating - 4406 18/16/13 18/16/13 -/17/14 -/17/14
FZG scuffing fail stage stage D5182 - - report - -

1 Applies only to steam turbine oils and combined cycle turbine oils with exposure to water in ASTM D4304 and to TSA, TGSB in 1SO 8068.

%2 Applies only to TSA, TGSB.
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Table 2 Performance example of commercial turbine oil

Property Unit Turbine Super GT32
Kinematic viscosity(40°C) mm?/s 32.17
Viscosity index - 132
Acid number mgKOH/g 0.07
Oxidation stability(TOST)
-time for total acid number 2 h >14000
-total acid number at 1000h mgKOH/g 0.05
Oxidation stability(RPVOT) min 2600
Oxidation stability(modified RPVOT) % 92

Butyl-p-Cresol)) 1ZH-FEREIMELL A& — € o fif
BB T L CL T ) ED D LD %8 54

BWE e BRALREIEH O Z&FEVE B IERPVOTIZ B W T,

121CITImER L 72 % — ¥ Y iliZ & 3 % 3L/h it & T48Mk
N7 7L, PR ORPVOTE 2 ik L 3F
filishz, ASTM, ISO& & IZ&EiRM & — ¥ T3
IERPVOT#8% LA EEHE L TWb, ZOMBIEEH
CBWT—RHE SR Y —C U IlTIER & i3z
<, BimfH %2 E LM b taEAs L Dk L < 3
INTWhE, 72721, O H A ¥ —¥ Y ilillgdRPVOT
220005 282 5 bONFEHRTH Y, F72TOST
(Turbine Oil Oxidation Stability Test) 23T % Wil
2 mgKOH/gZFER S 1 HH 282 574 &, BIb%E
EVEICE U CIERMEAE % 5@ 222 LIH 2 Mg o 3 A3 H
LENTWb,

3. HRA—EHDER

HAZ = VMR T TR %2 % Lz
RESHG- ST B2, MAMEHRIC BV O ENY %
B A AFICET LEE RIS w2 L%
MR L 2T e 572w,

EPHAE I A BUE R A = —, FA VA =T —
MED S I BE K BB CHEINL, BFL L
TR 22 EEEAE T H HISO 11366 % NASTM D4378
% Table 3 12”7,

EHILET I AR S o fii 2 MR TR EHA &
B TORMAOMFEEL & HITEIL LA A VA
WMo RO D720 kBEERT 2HH & 120hh b,
F72, &= IMBEEAERE LIS IR E KGR 2
VEIA—Ta v ENNERICEZ5EERHD, S5
WCZENSDEAMICERT 256 0H %,

FAEMEEOE 2 HIZOWTELFISREHT 5,
Ef¥5E  (Kinematic viscosity)

52 70 & OFBE G TR Z T 5 720128 — ¥ v
ORGP L IE 2 il % HERE L 2 P U7 & v BREEE
PHIML 7286, FOERE L TRy — ¥ oty
1t, IO 2R DS, RAKDIT L %I,
FOREEMOIRA 72 EAHEE L LCE 2 S 2 05lH &
EIZ—ZDOMHETHERT 5. IEHRIRETER S WA
TH LSBT % DEALPi A O BRI X ) ML

OGO % FH 5 2 720 MO K ERIMIE R S v,
72720, BRI VEREAMK T 3 % & RS EER I Eng 12
HATT B 72 DFEENLETH 5o

BRI T A D W A B DR A DS b S 6
Bl (Acid number)

Z — € MR SO I DHIDSTRM S b 72
DT SO % 7R3 Frakikhi TlE S ko F
DB EEERZ I—T 1 ¥ 7 LT 572008
LHTRT L Z0B—E DMl % R 20055 % Bt
Ji & ARSI AL B I RE DMK T 3 % & 3R o R LAt
72 OBAT O BT 50 Wb OEEYER S 255
e % & BEERNTRO &R & RO LA 4 VICREO &Rk
BERLAT Y VLT HEDVD 5,

RPVOT{# & B#1LBA 1L FI5% 772 (Antioxidant residual rate)

INBE S — ¥ i OBLR A O
3AH5HHTH S,

RPVOTIZ#, MFE, B KEwvo2FEMHO
HACBREE & BB LSt ic X Dl B3 € 5 2 &
THRAFmr i MiT 5, —J, BALBHIL# A 3R 13
GONTIC & Y FRAF R A & Gl 9 5. ASTM  D4378 Tl
RPVOTE K O ERAL BA 1R FRAE =3 25 %, 1SO
11366 TIERPVOTIHEA25% % i DR & e dH T 5,

RPVOTIEIHELG LR CH L7203 v ¥ I %= a
VRIEMD B DEEZ & 1AM OBEALE; 1L HI 5
Fare il 5 2 LA TE B, 7272 LR Lok IR
RPVOTHE1000% LA T il iz LEHE SN Tw b 72
DHAY =¥ TR RONT Y FEES
%o & o TRPVOTHE K OBRALKA I HIFRAT 2R OB % 4
I DT LV W, TAY =Y Vlioa,
Fab L ME A 5 v VYOO 72 B DO BAL; 114 %
MAGHELYEN% L, RPVOTHHE & ML 1L AF
KOMTHEFLT LD LR, 20720, FlziE
RPVOTIHE & 1 S5 EAL B 1k 51 5 A7 3 Asag 46 26 1 12 F]
ETDHEVIHEELDY, FOBIIMHRA & WX
ENEEZD,

B4E (Insolubles)

AR ILMAL08 D A ¥ T 5 7 4 )V ¥ T100mlD
fERME A8 LA MEEHROEREMEZWNET 5o HYE
OBMERICITERS, 2305732 —2aryREOiR
ANEFANOBILHIEWRERIBEIZLLDO0H %,
HHALRE OWRAY S EART 1 mg/100mlni % CTHER 3
B0, TGN LRGN % R 3 54 1S e o W ReE
wEE, HWBT 4 VYR DG GHT EAT 9 LEEA
Hbo

FRALBG I B BE DM T L 2RI OB L ASHES T3 B & 5 e
F 2 ES$ 5%, RPVOTE e BRIL B - AR A- 3 %
BIMELL FIRD Z L TED LD RIRIEE#TE 5,

—J5, WIF OLFHEE DAL LRI A B LS 28
Ebdbo HWAZ =Y VITIET I ¥V ROBILELFAIA
FUSHHSIND D, 7 3 7 RBALH AN RALE; 146
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Table 3 Warning limits at the in-service monitoring of gas turbine oils ©"”

Warning limit

Property

ASTM D4378

ISO 11366

Test method

Acid number increase

0.1~0.2mgKOH/g
(up to 20000h)

0.1~0.2mgKOH/g
(up to 3000h)

ASTM D974 /I1SO 6618

properties(distilled water)

over new oil
0.3~0.4mgKOH/g at any time 0.3~0.4mgKOH/g at any time
<50% of original(up to 20000h) <50% of original(up to 3000h)
RPVOT ASTM D2272
<25% at any time <25% at any time
Appearance hazy hazy -
Rust ti
et preventive - light fail  (after 20000h)  [ISO 7120

Colour

unusual and rapid darkening

unusual and rapid darkening

ASTM D1500/1S0O 2049

Kinematic viscosity(40°C)

5% change from original

5% change from original

ASTM D445 /1S03104

Flash point drop of 15°C or more drop of 15°C or more ASTM D92 /ISO 2592
Foaming >450ml/10ml >450ml/10ml ASTM D892 /1SO 6247
Air release time(50°C) double time compared to new oil >8 min ASTM D3427/1S0 9120

Cleanliness

18/16/13 or OEM

ASTM F311 and F312 or

recommended limits D7647 or User defined
Wear metals >10-20ppm - ASTM D5185
Additive elements +25% - ASTM D5185

Antioxidant residual

rate

<50%(up to 20000h)

<25% at any time

Voltammetry/FTIR
ASTM D6810,D6971

Insolubles

>0.1wt%

ASTM D2273

ERIZLIEBIEHIIRNBEDA T v Ve D500 H 5,
Z DA IZIIRPVO TR TRALE) 11 A R AR 3 A5 SR HEAE 12
FELTWERLTY AT Y VS84S5 72 O PR
BIEFMEZRTEENL Ve EHICAT v Uzl %
& O R 7 R R T I LHERE L 223 Aicid s A v
27 B E - 72BN C IR 5 Z & 58 L v,
74 (Water content)

5 — ¥ VIMOKGIEIREAF OKG ORI & 555612
WEEFEBI0ppm L FTH Y, 100ppmAEE F TldshElZ
FBHTH L, HAY—V v OYAIEEIREEEIC X YK
WEEFET B 72 OMPIIER SN A OB D RS, —Hil
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A Fundamental Study on a Gas Turbine System
with Overground Compressed Air Energy Storage (CAES) for Load Regulation

Wp & b GARE"

NONOMURA Hiroki

ABSTRACT

Ry B—**

TAKEDA Yoichi

Hillp 35

NAKANO Susumu

In order to stabilize the power system when increasing the output power of renewable energy, we proposed
overground compressed air energy storage (CAES) as a facility equipped with the power absorption function in the
existing gas turbine system. The overground CAES system consists of a reserve tank for storing compressor discharge
air, an intermediate compressor for boosting the reserved air to a higher pressure, and a discharge tank for storing
the boosted air. The operation methods of the CAES system are shown, and the operation was confirmed by our
dynamic simulator for medium capacity gas turbines. By providing a reserve tank and discharge tank with a diameter
of 18 meter and extracting or discharging 10% of the compressor's rated intake air flow, about 3.3 MWh of power
absorption and about 3.7 MWh of power discharge can be performed, and we confirmed it had the function of load

regulation.

X—T—K: A RA¥—¥Yr, CAES, AWML, itk Y
Key words : Gas turbine, CAES, Load-regulation, Compressor, Reservoir
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Fig. 3 Compressor characteristic curve and CAES operating point
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Table 1 Specifications of calculation target gas turbine system

109MW ((GT+ST) x2)
7280rpm

Rated output power

Rated rotational speed

Compressor 17 stages axial flow
Turbine 3 stages axial flow
Combustor Low Nox Combustor (10 cans)
2.0
[ Calclated values of combined
cycle output power
1.5

Measured value of
" real machine generator|

- output power

/ \Calclated alues of

generator output
[ power of gas turbine

il}
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Time [-]

Power ratios [-]
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o

Fig. 4 Comparison of output powers for medium capacity gas
turbine
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Table 2 Specifications of overground CAES

Spherical shape (18m in diameter)

Minimum pressure 75% of rated
discharge pressure of compressor

Storage tank

Spherical shape (18m in diameter)

Maximum pressure 300% of rated
discharge pressure of compressor

Discharge tank

Compression ratio of

. . 4
intermediate compressor

Rated flow of 10% of rated intake flow rate of
intermediate compressor | compressor

Diameter of piping 0.14 m
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Fig. 5 Characteristics curves of intermediate compressor

W MR BRI, R 230088 1 13k B B dis A I - T -
L, sERMEEEEERE, HHAoBAMIZHEN100%
Bl OMERE AR LA BT 5 LA0E LT, ¥ v 7R
&, PHEEFEOREICE s THRIEY v 271282605
22D, ZE AU IR O C AESYE Bl IR L2 #i B e A% W S
MENL/10% 1 MU EY — ¥ ¥ ¥ 25 ARG hE

b & HICHEE LR,

RIZH ¥ 7 WIRERZALDOFIH 2R, ¥V 7N
oIREREZALE, BHEAAN ZAVF-RER BX
CREXZHOTHEMB L, $72, =4avF-—KRTId
& v 7 RS OEE, WiRHfEESR 7 (W/ (m’K)),
BritER05 & e L TR L 72,

AMr¢

it =m; —m; (1)

dMgse
dt

d(Cert Tre)
dt
—Ape [a(Trt,out - Ta) + ﬁo_(TTfroqu‘ - Ta4)] (3)
d(CpMdst Tdst)
dt
—Aast [a(Tdst,out - Ta) + ﬁO(Tdst,out4 - Ta4)] (4)

MT
P = W:RTrt (5)

=m; —mg (2)

= mlcpTco - m2CpTrt

= VVcomp +m; CpTTt - m3CpTdst

Mg,
Pyse = ﬁRTdst (6)

Z 2T, Ay v 7 Kk [mA, Cp: e ([]/ (kg K) ],
dt WA A [s], ME & kg, mE &t kg/s], PJET]
[Pal, R:&AMEH]/ (kg K)], T:HE K], VAR [m?],
a0 U BB E R (W/ (m?K) 1, B 4 3 (-], o :Stefan-
BoltzmanE £ [W/ (m?K*) ],

WATWE, IIWEY VoA, 2085 v 75

W >z, 3y v 7, a K& co EABEM B

dst: ittt s > 7, out:7 v 7 HVEE vt R Y V7 BT,
4.3 CAES{EEIEF(D 2 —E 2 BErskft

431 HEHEBMHETZREHMTKT 5B E CAESV AT
ANDEMGRADIEE, HAY —E V¥ AT AH5B0%
B EEIREETIT 9o RHETIE, BIA D 5050 [ E
¥ TldFig. 41Z/R L7-8x & [/ Uz, D F 1) Fig. 612

AT &I, PHRFUT BN % bR & & TER MR —
SEVCHERF L, IGVBIEE L% W fiti68% & LT, ZD#H%HH
FEH#100% 122, 2 ik, Fig 412/5R L 72885 B fif
o AN R HH L2 DO TH D, Fig 6125 —
Yy Y AT A0S LTz, BETER, B
X OIGVHH E 2 /R ¥ 05 AR B 1%, MBHR R Z D
SEMIZ50%AME TR T S5, Z OROREHLE
W&, RS BT O M B SR IR O BR 22 1E & 100%
TIREDPRZE > SHEE L 72REIC L > TH 2 20
%, BRENRE1350% BMTRE O RRZE L 2 D 720, CAES
VEBHIC X % BRIEZ2 S0 = DI PRV R BT 2 A5
%o CAESTEE)f%, #05IEM (FE#Re 120 [H]) %
BTN R AN L 720 2 F D, 50%EMIRES, S,
CAESTEENIC X D 10%D =R 2 AT 5 &, BR&Ek—%
DEIRGM CII R R O IV RE RT3
bo OO0, FEEHIINB0%IZ% B L HITRENT R %
WNsE-b0THb, B, IGVHEDRHZELIZE
Fig. IR LMY — ¥ v Y A F A0z L W] —I12 L
720

Fig. TIZCAESY A 7 A DR &ML LT, "V T 1,
2-1, 2-2, BXOHHEHEOON - OFF (ON#*
1, OFF»0) #m57. CAESY 2 7 4 I3 ##IF[#0.79
RS0 71, 2-1, BIXO2-2%FIcLCTHIHE
JERit R EEN S C, Wy v 7 BIOHRSY vy o

1.2 i 24
- \ CAES start point \ ‘ CAES finish point ‘ _
510 A —————— 20 T
T i~ IGV opening ratio | S
® 208 |, i ~ Ratio of fuel flowrate { 1.6 &
ke ! / e o
g): 06 H "“J:'\ ."' “:-'-: 1.2 8
57 i ] I
Qo p ! ! c
S S04 {/ Rotational speed ratio ; | 0.8 S
0% i i 3
=fo02 | ! 04 @

0.0 i1

0.0 0.4 0.8 1.2 1.6 2.0
Time [h]

Fig. 6 Input data of turbine system for the operation of
extracting compressed air

12 L 2.4

= | CAES start point | [ CAES finish point | o
N1.0 + i - 420 %
‘(:‘.— i . Opening ; -;.g;
o~ : : o
0.8 | i ratio of valve I 116 EZ
= | | o O
® i : -E %
>06 ! '41412 S o
ks s} E_
RS L i L

T 04 \ Intermediate 0.8 5 3
202 | compressor { | (4 %
g

90.0 0.0

0.0 0.4 0.8 1.2 1.6 2.0
Time[h]

Fig. 7 Input data of CAES system for the operation of
extracting compressed air

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/06/05.



Vol.48 No.6 2020.11 BFRAZBAMIMERZRIXNY B (CAES)ERALARE—EL VAT LOERIRE 391

Ry 5. B, Wl v Ly 7 omiE
(&, 50%E A R O FEAEARIE T, R & L7z,
432 MEFZ>IVDEREHIET 2HE Fig 8
¥ =Y I AT AOFESMEIRT . FHEITHTE & Mk
2, O5MEH F TldFig. 41T L7z EdiT & A AT i
R B, 05D Bm A % it 5. CAES
PODEEME LD H AT — Y v AT 20T
X, ¥ =YY RT ARG AMEIRIREIC S 2 B4
FEREN D FHETIE, #DICZ DERS AT O E i IRAE
BT 5o 05RFHIFEMEE, IGVBIEIIE TS, MK
TEE A KD FEE ) 2 50% AT F TR LFig. 300
HRIREBIC T 5. ZDORIGVHIE I #83% F T T CFig.
3D EHRIREEIC L CCAESIEBIRI O # A & — ¥ i
KEEZHE T 5. CAESHIEARI, By v o7 ooz
KA ISR VIR R 2 3N S ¢ 5, CAESIES) 1 R
BICIGVEIEE 2R3, Al & MRS, IGVBIE OREMZ
b3 IEFig. 4R L72FEW Y — € v ¥ A7 4 05z & |
—IZL 7

Fig. 9ICCAESY AT A DFHHEEGE LTALVT 3D
P2 RS, BB R0 79I 2> 535V 7 3 & £ I iisk
FEBICLTHIY Y 2057 A — ¥ U IRBEEIT 22,
2T 5o

N
N

24
| CAES start point| [ CAES finish point |
/ T T

10 I 2 T
of | ] e
o H : 2=
3 508 N : o1 168
;é L IGV opening ratlo! 5
=06 LI/ %W ¥ [ 0]
g f:_’ 0.6 \ f\ Ratio of fuel flow rate 12 >
35 AN o | 085
S04 ' Rotational speed ratio 03-%
ok ! ! g

0.2 ! L4 04c

~ i !

0.0 1 1 1 1 \ 1 1 1 1 i\ 0

0.0 0.4 0.8 1.2 1.6 2.0
Time [h]

Fig. 8 Input data of turbine system for the operation of
discharging compressed air

-
N

| CAES start point| [ CAES finish poir‘1t \

-
o
T

o

¢ o ¢ (
N o @
T

o

Opening ratio of valve 3 [-]
o

0.0 0.4 0.8 1.2 1.6 20
Time [h]

o
o

Fig. 9 Input data of CAES system for the operation of
discharging compressed air

5. BITHEREER

51 El#EMHETESzHRdT 256

51.1 CAESY X7 LDZEAL W% v 7B X Ot
¥ v OENEAL, WARKRGR, PREMEED %2
Fig. 102> 5Fig. 1212773, DB O, =2 &
HALCAESBHIATHT O MBI IR EER TIE AT 004 hh 53K
Y b, Fig 1035 > 27, s > 2 NORE %,
JEfib D EREMIME TR L2957 TH b, Fig 10T
H I E MRS BT O 7 > 2 1F & T E MRS B 2 o iy
By v 2FENFWP L THBEDIE, ¥ v 7 B E
JHET L CAESEIER IZIFR 7 » 7 ~ Dl A&k &
MR DOAFEOZEIC L ZFE MR T 2EN 2D 0T
» %o Fig. 11 THEMEOEBRREIEE Y v 7 F
ATE LY LZv0id, CAESIEEIT @ 1 BE#IHN T,
B v 2R LI 5 2 7 E O S BT Sk o e T
JIHLUF O ARRE THfin S AT B 7280 v [ B o WA,
MEVBEKRRE LICR 5720 TH 5, Fig 122056 1
B oM T, w35 MWOBIHZWINYT 5 2 &2
5o

3.0

25 1 Pressure of
discharge tank
2.0

Pressure of
storage tank

Pressure ratio of CAES tanks
1
(@)}

1.0
05 r
0.0 E— — : :
0.4 0.8 1.2 1.6 2.0
Time [h]

Fig. 10 Pressure change in tanks

N
[N

-
o
T

|

Storage tank
inlet flow

o
oo
T

Intermediate compressor
discharge flow

_

0.4 0.8 1.2 1.6 2.0
Time [h]

rate of CAES []
o o
> O

o
N
T

Ratio of flow rate to rated flow

o
o

Fig. 11 Mass flow rate of storage tank and intermediate
compressor

— 45 —
Download service for the GTSJ member of ID , via 153.121.55.14, 2025/06/05.



392 BFARAR R ERERIXNY R (CAES)E A - X2 —E > VAT LOER RET

AEAHR 2 —E ¥R

4.0

3.0 r

s

=3

52.0 =

2

)

o

1.0

0.0 ‘ ‘ — — :
04 0.8 1.2 1.6 2.0

Time [h]

Fig. 12 Intermediate compressor driving power

512 HRAA2—E>IZAFLDE{L CAESIEBE:IC
BUBFAY—Y VY AT LDRGHE, Tk
J&, %46 ) #Fig. 134 5Fig. 15127°¥, Fig. 13T,
CAESTEE):, HEMERATEIIZ/NLEVb 0D, & —
YIS N B 225G TR 10% I L, Z ORESO
2R mACAESIZIFE S b,

1.2 ‘ 1
= CAES start point | CAES finish point
210 3 T v
o g v i
E 08 : Compressor :
b 06 ; mass flow rate
é ' i Turbine mass flow rate |
« 0.4 i 5
2 ! !
Lo.2 [ i
S i i

g —

0.4 0.8 1.2 1.6 2.0

Time [h]

Fig. 13 Mass flow rate of gas turbine system

Fig. 14124 — ¥ ¥ ¥ A5 A OJE MBI E )y % 7%
¥ MIZFig 3IZR L 750%E M IRETOENTH %,
CAESTEEIfA, MBEREZ — @ IO RE TR E %
BT 2L, ¥ —EUVBIERRZ—EDD, EfMbEH
HE I3 225 B ORISR T LODIREIZZ %,
COWRETIEIFREREIIZ50% L D IR T3 5, 1.2
M LA I FE B ) 2 50% 2B 3 72 D BB 1 & HE I &
By —Er ALOREZ ERSETWD, ZOARHEMIC
Pl FE AR E N TR % .

Fig. 1513 — ¥ v ), MR, BEERBI%
RL72bDTH L, CAESTEBRF D11 IXCAESTER) il
DIRZE Z R > TV B 7280, CAESNDIIRIC X 522K
T O I RE D BB DML T TREBB O T 28
Rohs,

-
N

I [ !
| CAES start point | | CAES finish point |

i i
\ AP

N
o

E.

(]

N

Rario of discharge pressure to
rated discharge pressure [-]

© © o o o9
N

o

0.4 0.8 1.2 1.6 2.0
Time [h]

Fig. 14 Pressure change of gas turbine compressor

3.0

| CAES start point| | CAES finish point]|
: !

i / Turbine output power

N
a
T

N
o
T

i i
Compressor driving power i

Power ratios [-]
(6]
T

-
o
T

I Generator !
T output power !

o
a
T

i
1 1 i\ 1 1 \i 1
0.0 0.4 0.8 1.2 1.6 2.0
Time [h]

o
o

Fig. 15 Comparison of output power

52 HHEA2CIOERR[EMIETIHE

W v 7 oW, 5. 1025% L7z B Rk L
X5 1 EEEOFEH ORI L, BRBERF IO LT 1 I
DZEGMIEITI DD LT 5,
5.2.1 CAESY A7 LOZE A& 7B IO
¥ v DIENEA, HAY—E oG E % Fig
16, Fig. 172w 7, LY v 7 OFEH I BRRE2 S
AF—E VIS T 270K T 5, Lo L, 2B
1 A IC BT b JEMBE A DL O] 2 frE:
LTBY, By v 2 noH Ay —¥ DR EIL
AR TE TS, B %~ 718mT 1 BEf o 225 12
T AhEREERATE TS,

3.0

Pressure of

25 discharge tank

2.0

15 Pressure of

storage tank

1.0 /

05 r

Pressure ratio of CAES tanks

0-0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.4 0.8 1.2 1.6 2.0
Time [h]

Fig. 16 Pressure change in tanks

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/06/05.



Vol.48 No.6 2020.11 BFRAZBAMIMERZRIXNY B (CAES)ERALARE—EL VAT LOERIRE 393

Ratio of flow rate to rated flow

0.0 — ‘ ‘
0.4 0.8 1.2 1.6 2.0
Time [-]

Fig. 17 Discharge mass flow rate of discharge tank

522 HAA—ELYXTLDZE CAESHKIKED
HAY =¥ U OWRARZEL R, REHE, AR
JE, &M%, Fig. 184 5Fig. 201278 ¥, Fig. 184
5, CAESTEENCHAT L 725 O i B W S i i (X CAES
TEBYHT & 22 5 TI0%IEE DWW S TH 505, CAESIE
B}IZXY, - SN 5 B E IZEE D%
Ry & [0 2250 SN Do Fig 8ITR L 72k
BRI (3 E A R I O PRABEIR BE & [ 3512 7% B & 9 #hZE
Rz adbETHHDT, ZRMEOHINIEHETL,
CAESTEB) T O A sl & 7] 55 O REHR R 2 o T
%0

12 ]
= CAES start point | CAES finish point |
g \__Y 77
208 r | z |
S !' Compressor !
©06 | : mass flow rate :
£ 04 | : Turbine mass flow rateg
s | |
202 | i :
© : :

x ! !
0-0 1 1 1 i\ 1 1 1 1 1 1 1 1 1 1 | 1
04 0.8 1.2 1.6 2.0

Time [h]

Fig. 18 Mass flow rate of gas turbine system

-
N

\CAESsénpomw \CAEéﬁnshpmHt

N
o

N o ®

[N

Ratio of discharge pressure to
rated discharge pressure [-]

© o o o o

o

0.4 0.8 1.2 1.6 2.0
Time [h]

Fig. 19 Pressure change of gas turbine compressor

— 47 —
Download service for the GTSJ member of ID , via 153.121.55.14, 2025/06/05.

3.0 ‘
CAES start point [ CAES finish point |
29 N i
—_— : Turbineoutput power |
8 20 j Compressor i
S15 L i /driving power :
o _\_!/ /
= :
L 1.0 : \ Generator i
05 output power |
! !
0.0 . . T . . . | . . . | . L
0.4 0.8 1.2 1.6 2.0
Time [h]

Fig. 20 Comparison of output power

Fig. 190 Ffatsm: )71 CAESYEBY IS Fi 0 IRRE T,
Fig. 30D IREIZH 5. CAESZEEE) S &, ZBRiED
Bmzew, R R 2RI S, BERZHENE &
5729, JEAROVEE) S D B IMICRBE L, RN
13100%W% & D A% 7 & 1T L MEOE IR %, Fig.
20D MIKERA S, CAESTEB) R 78 T & 385 O @ik
T ERERFIC BT 2B & D H10%8EM L T 5,
CAESZfEE) L TR 2R3 256, ¥ - i
WH O EM )8 & CAESHEB IS Tl R I13 2w,
CAESTEB I C I3 A% O W R AR IS & 0 EAwAE) )
KL, OB R EDEE I OB %5 LT
Wb,

5.3 CAES{EEIBFOREME, WNEHELHEEHE

CAESHEIEICE A HAY — ¥ v ¥ AT ADIBENRE
Z82 4 b, Fig 2ULF BRI % e ABE O 2 TRy
L7-3EME %, CAESH L 0 D100%% % H 17k
#1E LCELAEENRILTD 5. EMBEHHERE
I 2546, [ U50%A M ElE ClEKT % &, CAES
ZEE L 225413, 000D MRETF 27256 L TWwb,
—7, CAESH 5 OZEFMA CTHREL I 2T 256
DORYEIL, WH D100%H ST N THREBERDH0.11
WiNd 5205005, WLzt b= 1L LT
RBYAITIE, ¥ —E U Y AT AL LTH02ORHN
ERRSNEZ LKA,

WIZCAESEIERE ORI E & R 2 53
bo BRI, Ry ooy ¥ 27 1mEL

-
N

N
o
T

©
[ee]
T

o
N
/'

Storage

Ratio of thermal efficiency [-]
o o
N o

0.0 0.4 0.8 1.2 1.6 2.0
Time [h]

©
o

Fig. 21 Thermal efficiency during CAES operation



394 EFARAR FRERER IR Y R (CAES)E R A -1 X2 —E > VAT LOER RET

AAHR 2 —E ¥R

TERREAT 5L ZIHRENPLEL R L7290, &
OHFHEEMBEOMBE L LTHBT 5, T/, b
BHROHEIZ, FAY—VY roEKLTE 25
CAESTEBIRE DT D2 TRl T %o K% Fig. 2212
R 1K TOWIE L LT33MWh%, bt s L
T3IMWhSEI &b, TS DFERITH ECAES
RRBE LT AY - OEREEEON 1 ENHLT
% Fig. 2312, Fig. 1538 X U°Fig. 201278 L 72 6 B kk H
NaRT o R EEMEEOB ) 2 BT 5729,
CAESE &Ky —E VY AT AHPHRICMBTE B
i) 13 Fig. 1512 L7258 BRI )15 S Fig. 1212/R L 72
R EMERR B ) & 2 LW lIC 7 B Fig 2312 134l
HRIEOGTY AT A E LTZOEZERT, BIIRT
X O ICCAESIEBIIFICAR Y — ¥ v ¥ 2 F A PSR AE5E
TEXLBEBNHPITAY —E v Y AT L DEKETTOR
41 ~110%\2 % %o RIZEEBAMS0%DSY — ¥ v ¥ AT
258 ORAREMN Tdh - 7234, Fig 230OCAESH T
HUBEOH A —E v v 27 20O TH 550 ~
100%258%H DA A 7 — ¥ ¥ ikl OB IR FPHIC 2 5o
i FCAESOBRIZE Y ¥ — ¥ v 3 A5 20 Wik
PHZ LSRR TA 2 LS TE b, — 77, BREICHEL
T, BB T2 ) Fo a4+ U EBOEELY 257
LAOERINIWNL EML/10LLF TH 525, Hi ECAES
DY, FOEEIIEMRO Y — T 2 0L 2 0%
LhWwZ kL, ZBROFHEB IR LMD
ER AT RIHAFT 50 L 0 E L OB Bt
WMEMETAEAICE, LORBFREOF—E VIV AT A
\CCAESZ #H T 5 LENH 5,

REZICH FCAESIC X 2 BB FE2 /RT, LERE
WKHT2HERE LTRRENR L ERT L L, #L
CAESTOE R IT 2R OCAESIER I & - T
LNLIEEMNERE T D, BEICLELBINIF R
WRRICE S 28 ) LR IEMR OB 12 % 5, Z25UEH
BRCES 28 0% 2 e LTiE, Z2RIEEEOCAES
BN Lo TR L7258 ERSE LTIRZ D 2 21T
%, Fig. 2412285 e 5 s O CAESTEBI I b CAESTEBI R
LR UBREREZ o2 S0 EL %27 F, Fig
241213 D= ®Fig 151K LB RT, 22
SKIFREREOCAESERIC X ) BB TROIOKT %
R THNFENEE L TH36MWhIZHNST 5. K£E
WCET AEEE, ToEE L PRIEMEE DR
33MWh#% &b T6IMWhIZZ b, k& #E37MWh
 CORTHE ) TIRENHRIZHN54%127% 5, H ECAES
TlX, CAESH B DZEGMIRIC & - TR SN 5 SEBFIR
L CAESIZZ2R AT 5 2 & TH U A EEIESIZITITME
S B 720, FTIRERFISPRIEMmBEE IR & K
3528l b. WIIEMREE L, PREIEHEOLE
Tee s v o EREOREIMKTET 5, 2F Y, Ry~
TENEINT % L —E R Em e RS 55 V7T
PNF %7280, LML OIS & ) ip R

MEFEBY ) MK L S B AR IT N3 5. #i2y v 7 3%
AT 2 LR REMREEN ) ORI £ ) FTHERh
KT 9 %, Fig. 2512y v 7 g% /89 A =% & L
7N o, BUREI RIS 2 W ) & & Al H -
LG ORRENFEERL, FEBIMI AT A E2E0MY
AT N EDOREBEYERRT, KM L.CAESY AT A DA,
B s > 7 28T 5 2 & TRRERRIIGAEESR
BREMIATLLEHASICETCETLZLIITELN, &
TINS5 o

4.0

_ Discharge electric energy

e

=

E3.0

>

2

©2.0

5]

© Absorbed

chatt

00 ——— e
0.4 0.8 1.2 1.6 2.0

Time [h]

Fig. 22 Absorbed and discharged electric energy

16 CAES start point CAES finish point
14 : Generator output power :
r ! during discharging !
=12 | ) o
L ; :
R T
€08 i 85830
5t \ il Generato: output E g5 %5
= 0.6 H powerauring © © £ | 0° - 1
DO_ 0.4 r extracting /- VA
: i \ A i | :
0.2 IR ' GT system output
0o L. N\ ... .. poverduingexracing
0.4 0.8 1.2 1.6 2.0
Time [h]
Fig. 23 Gas turbine system operation range with and without
CAES
1.2
1.0
%0.8 Generator output power
}‘96 \\ (Changing fuel flow rate)
=06 /7
) “v_‘ ey A
804 —o1 /
a \ ;
0.2 Generator output power
\ (Maintaining fuel flow rate)
00 L L L L L L L L L L L
0.4 0.8 1.2 1.6 2.0
Time [h]

Fig. 24 Comparison of generation output power during
extracting by the difference of fuel flow rate

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/06/05.



Vol.48 No.6 2020.11 E&rAZAMEEEREZTIXNF—ETE(CAES) R HA-AXE—EL YR T LDERE G 395
1.0 2 EXB

— Storage battery

o
(o]
T

%\ Pumped-storage
ZZE“m / hydroelectricity
18m .~ Underground CAES
t6m ..  Power to Gas
14m . (H2 turbine power generation)

o
[e2]
T

o
~
T

S

Overground CAES

o
N

0.0 1.0 2.0 3.0 4.0 5.0
Ratio of absorption to dicharge energy [-]

Charge / Discharge efficiency [-]

o
=}

Fig. 25 Charging/discharging efficiency

6. ¥5am

22 B FIRE AT OB RME AL DT, WA
HRAY =¥y AT LITE BRI GE % fif 2 72 @il &
LT ERICAESZ 8% L 720 AM ERICAESY A 7 A

i, EMERER R T v Iy Vo) &

ZOWRZE % SO ICETFICHET 2B F M B
FUOZFOREEREETL Y vy (Y v ) %
PO b, F72, CAESY AF AR &R T 04
&, CAESY A7 Ah bR E T 256 0Eix ik
ZRL, WERETAY—EVE2WNRELIFAFI vy
P32 =Y TEOHELMR Lz HEL8 mo I
Yo BLORMSY v 7 2T, MO KA
D10 %O R EWMA T EIT A2 LT, FRY—
YU REREKEERONIENIH YT 533 MWhOE
T L 37 MWhO BT 2, AT A Y —¥
VY AT AOWIIRERP ORI RIS 2 ), BT
FEHELTOREZN L TELZ 2R L,

e

ENTF AR A WAL S SR B WNOE L AT e
& % I T A F —ARRBANT I FINFZERR T UM S 7z
bOT, BILENIHRASH A S IIWEZITISN L TE <
DOXEEHE T L7z RAEHOEZRLIT,

(1)

(10

)

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/06/05.

Jidai Wang, Kunpeng Lu, Lan Ma, Jihong Wang,
Mark Dooner, Shihong Miao, Jian Li, and Dan Wang,
Overview of Compressed Air Energy Storage and
Technology Development, Energies 10, 991 (2017).
HRR L, RRIEDE, BUERE, G WAT, RHAE, JE
MR TANVF I A Y —¥ ~ (CAES-G/T) DK
%, A EIREREE, Vol 43 No. 3 (2003).

FESIER, SRR, BB Eife B m Y AT A
[Z2EEM] oB%, HARAEMZSGEE Vol 24, No. 4
(2016).

WIE A Y T =W, MEERT DT u—
F, LB IHARX Y = 79 4 b https://setsuden.
nw.tohoku-epco.co.jp/download.html , (2019).
WIE Ay b=, EMHEEERTEHRNNT ¥
AYEHEHE LM S A7 2 FEIEFERCRBE, HALH )
WX Y = 7% 4 b http://www.nepc.or.jp/topics/
pdf/170331/170331_1.pdf , (2016).

Y. Kashiwabara, Y. Katoh, H. Ishii, T. Hattori, Y.
Matsuura, and T. Sasada, Developments leading to
an axial flow compressor for a 25 MW class high
efficiency gas turbine, 90-GT-238, (1990).

AR, LA, ¥ — KGR L LR, oo
F 1, (1988).

B — IS AHE—, A4 2 h Ay — ¥ Y OBk
fEMT, HARAT R & — ¥ v %45k, Vol 43 No. 3 (2015), pp.
68-74.

SRS, PURE, HYRIRE, MHEB—, BEEME,
BRARAY = HEMERAT Y 3 2L — % OB %

Sl HART A 5 — ¥ Vg MiE & i o SR,
(2017)
By & KT oA, PR, ATHEHEG—, bR 2 AU

(CAES) %Mz 7=/ A7 —E ¥ ¥ AT LD,
H AW A AR R4, 49 A SERT 70 56 2l 2,
(2019-3)

S. Nakano, T. Kishibe, H. Araki, M. Yagi, K. Tsubouchi,
M. Ichinose, Y, Hayasaka, M. Sasaki, T. Inoue, K.
Yamaguchi, H. Shiraiwa, Development of a 150 kW
microturbine system which applies the Humid Air
Turbine Cycle, ASME Turbo Expo, GT-2007-28192,
(2007).

E S WFZEPI S8 EN ro v ¥ — - EEFIWNB AR
M (NEDO), T 7 ek 43 WP o0 ARtk s 3 2 ~ 1]
T, HiarEmgE I >~ — (TSC) L & — FTSC
Foresight, (2017).



396 HAARZ —E > ZFRH

IGTC2019 Tokyo*h

1.

19714E 12 BiIE S 117z International Gas Turbine Congress,

IGTCIZ20194F (2 #5121 % M Z 720 19904F AKX DL 3k o 3
WX T2 MBI, B Tl mBfEE WS Zh
FCONEREZB#E L, 45D [ R Ik TR
THMET A I &L L. B4 3 4F [ o H i W] i % 4
C, International Gas Turbine Congress 2019 Tokyo
(IGTC2019 Tokyo) Z20194F11A17H B2 H22H & F
T, Bl & UREHEXOR ) Me V7 4 —5 LT

P S N7ze BIRRSAL - HEBEOIRT), ZHhicky,

WA S OF B E PN S OF B E I Lo T LR
BE, BEOMITRTTHIENTET,

WRINENC D720, IGTCIRHADH A & — ¥ Hidli
ORBIZHFEG L TEs HROF A -y BLUOT
AV F — B O SR IE T 5 BRI 2 SRS &
B, BIOANWKRZRETZILE2F-2HNE
L, EEDZANF— (RN AT - - iy
¥ ORI E WS T, H O - HArhi iz
g b LB, TPROPINRERERW T, F72AM
B EXHIPICANTE R E 1T ERRR®E L
THIME L 720 20164E10 0 12 h FIF - R B 4TI,
IGTC2019 Tokyod Bk e & 3%, B L O RLIEHIC
M3 2kicon Tl L, UTokoicT o,
(DA &

ARDFT A =¥ B LT 3V F—BEEN O
WG B EBR 2 T g & 5805 & ARSI & it § 5

(2)Pifilk & & 3%
CHAY =B - TRV F — G OBAN RO S
D% fefit

T F =T L, NRVEELEBRERORME LA,
Heabr B & IF R BT 12 B3 5 5w

c HARO T4 - Hifli - 12— — 15 8 E
DR N OFES % it

- FEIB KRR % 0l U 7245 T AME R

< T I TIRICBU BRI 0l L

(3 .15 %

CIGTCIE 44E1C 1 BoOEBE&#KE L TES

- 20034E 24> 5 ASME/IGTI & D157 B4R AEN

- ASME Turbo Expo’7 ¥ 7 THIO CHE - V7 VT
20164F 12 B

T VT TRAREISNZA Y FORITACGT % E5

P

%

* 1 IGTC2019%4TRE £
ST Z2 T8 PSS AA A 2 He Aty e

Vol.48 No6 2020.11 ;=
=

it
VS Ok

NISHIZAWA Toshio

B, HARTIZ20184E12 9 4.5 0 (2B
« ASME/IGTI & & i 37 o #lfk & L T20164E |ZGPPS2S

RALEN, T VT TR2017EICHE - TR
- L7255 B CIZISABEDSH U20194F 9 A2 58 TRk
(4)T A F— - HeArEE
CERBOIANT—TF Y FIRME LT 5,
T NHBRBHORBEL OB L Eh 5, FAY—-Y 5%

BOBEEEDSFEITHE > T b,

BRI O EEMIZED S 2 Wwds, COMIED ¥ F 1)

7 R B I AT 2% 4 AN BB,
CFHAETMRBIAVTF—IHIBT 5 LA AY —E U

MIZOVWTHETED T Y 27 b oib I
LT VY IO W TIEV2B00% M FEE L LT

PWI1100G-JM®D BHZEAS A, Al o> BT o [ 5 2L [R] B 56

DAL, (KHR T - BRETRAN LT S e X EEFRETH

D, ENEENF 7Y S Y F—DO—AZED TV,
-HONDAY = v OV Y VBT - A E W) #Hi7z 7k

BFEdIHF o7z,

DLEoB& LR 2T 2, RIOFM - B TEHRD
REARAE L & B2, HAROEHROBM 2 HBEICHEL
Tz WG L 72,

REURETHAINORENS L )12, FWEHOGmICE
SIMEPRON, EELHEm e AR EIT) T LT
&7z REBSHEIVESCHBTE 20X, BREMLD
THIEEDBIT, BIK - BRIV RERRO T35
BOBMPTFTH L, HICEMTEHSBRESMICE, K
REHBTITE RN, OEPLRLATRDE VW
2o FAAEBARELTCOLLYBILEZHL LTS, T2,
FRFABROA RS A, EANAE, RANRISELZIE
Lo b §HHAMADOKMITD, FMICIHT ThEe 2D
W EV72E, ROEHP L R, KfFBRO
£ = A PR eV XBBRE SN2 S LB
POTHERERDSTE, 2uANABMEIC R 572, [H
BEESZWB L CHNADLLOBMERELTTFE 572
International Advisory Committee®ZE B %4123, 1
FLH L EF 5, izl REBSEIZSML Cwizin
TeETOH 4 LR X OEFICEBR L TW 272 W20
BEAILE ) EH#HEB L P 5,

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/06/05.



Vol.48 No.6 2020.11

IGTC2019 Tokyo#i& 397

2.

I. 455088

1. Plenary Lectures

HAY — ¥ B - B OB B ONT, &%
HMGErLOMA R0, 40TV F) —L s
F Y —TARBA L 720 Mgz, BRBE 22)), L R b5
BB 2N ENET DH W 7272 72,

Plenary Lecture 1: Dr. James D. Heidmann (NASA
Glenn Research Center) “NASA Aeronautics Overview

and Propulsion Challenges”

Dr. James Heidmann#* 5%, NASADOHLZET 1 75
LOMEL, ZOHRTOH RS —E ¥ BEFEIZDOWT
TR TRV 72,

9, NASAOEIKKYF—7—F L LT, %4 RH
BE AR, BEARRERE, HEI AT A, £E2Y
V7, BEMLO 6 OB L Nze TOHTESHD
Wzt z ) — R4 5008k LT, BEEKRERE,
Urban Air Mobility (UAM), TEBIfiZEtEo 3 2% 205
7o BEIMIZEERIE, L N ToRELIC X Y RIEZ
MBUEDSTRETH S 2L, VTOLOUAMIZ X W#i L
W R TE 5 2 L, KRN T oM IZRI R
THY, RO/ SEH L, 20304EEICIIMW 2
T ADEBEEE FH\7290-1500 O g~ 0@ H % B
FTIEIIREINT, BEMERTIIHEBOER L AV

—EHTRAIREEN TV, &Ny T HFRIEK
W78y 7 VRO ESRETH Y, AV - &
Ny 7)) A EbLEBIMR TR, 20720
DH A% —¥ & LT “High Power Density Core” %
WAL THY, HAY—C U5 Hoiiserskmd B
THAHIEIPRENT, ZOFOMEY 7 2L LT, K
NOxRBERR, /A ZAKIEEAT, ZHKROWFZEDHAI S Nz,

(A HE*1)

Plenary Lecture 2: Prof. Timothy C. Lieuwen (Georgia

Institute of Technology) “Key Combustion Challenges
for Future Gas Turbines”

Lieuwen #ZIZIZMRBEIREIOMETEHELTH 525, &
ol dInvited Lecture Ti&, GTHIVF BRBESH IR TR X
NDWNEIZOWTHRIL < il L Twiz72niz,

T3, REEICESR S B Key Driver& LT 1) High
efficiency cycles 2 ) Decarbonized Fuel 3 ) Flexible
Operation® 3 2% %51¥, & 51ZMiddle Driver& L TQD

* 1 IGTC2019i X EHE
HORUR AR b Lo R E Ze R 225
* 2 SR LEWR G

LA

i
WXERS

Low NOx combustion technology in high temperature,
(2 GT operatability, @ Fuel / Oxidizer capability® 3

DN B > 720

FRIERAL O 72D ITITIRBEIRIE 2 BT 5 DD 5 A,
ENOxHEH 2 M. S8 5 LENDH 5. NOxIFiREIS
xf LI R R L, W R esl 3 %, GTCC
A6 L VIR B E L TH ), HEREHAE T
W PR J5E T B2 1975K 72 & i IR [ 10ms TNOx A K = 7%
0ppmAEfEE B, 22T, WA 2 ST 52 <‘:’C,

PRI B id Ippm B E ¥ TNOx% Fif 5 Z & S Bk
& 1, Axial Fuel Staging?¥{NOx{bx} Lfﬁ‘wtﬁ?&
THDHZ RSN, 7272, HHFTETIEITFREAR
DHERFICRAT A EIRELTBY, B2 IR R
BEELPPHEELLLI L IZOWTIHAND - 72,

F 70, AR ZMBEREIIC oW TiE, IREO
JE e B < PR B D FEA & T < HRBY O L~V DN T
LN &, RBERBIOFEE X A = X ARIEHTIC L B
PREy O Pl T2 &2 RIS Sz,

BEEISE T, A4 7 VEEKRNOBRBEOM S & L
TPressure Gain CombustionZe & O FE0H 5 F R,
Active dampinglZ & 2 WRBEIRBFIHI O BEZ LR
TR A N o R WA

BT T —< E LNETH - 7225 BEMUAO A2
LHORNRTVHETHY, WHEELL HFTH - 72,

CR§ TR iz *2)

Plenary Lecture 3: Prof. Joerg R. Seume (Leibniz

University Hannover) “Improving Aerothermal
and Aeromechanical Turbomachinery Design by
Combining High-Fidelity Methods with Multi-Stage
Approaches”

Joerg R. SeumeZ XN % il & L 72\l FR
DY — FEMANOMIETE L TH L 05, SHIELED
Wl 7 — RO SEREY I 2 V-3 v, WGEEFER
BT AT O R TR V272w,

W TIZE IO, LR Y — R OZ2))
D% T 500, FOHRMERTZHMEICS N
o MEVTRAT TR EOUEEFHA L LT, ¥ —E /1
BOBRICE 2 288, TV R+ — VORIRRLE g
BROEEIET LMENBNEIN, LEY —FEMO
ZNRTEAIE LT, mBToOT 7 T 4 Tl
BB DN TEC, Wik - PE - BRETOREE
AL & A3k B i Sl @‘ CEEDSE T S Tz RV THE
PR IR Cib N - BEBEHIZIRE WE LT, FMSIEIRK
& sand-grainfll 8 BEE OB OE W % FERN T2 WFE,

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/06/05.



398 IGTC2019 TokyoTR&

AEAHR 2 —E ¥R

ZEBEBINIHENTOY = 4 712X 5B BDOETF VAL, LES
RN COALERLNOE T VAL &, BT % F %
FHCAE S 72 DI B & 2 BIFFE s S 7z,

RRIS, BULEFN OMGEET — & WS %, HLw
FBREAG ST S Tz TEMIBRBR TR ALE D 2 5k
8harF TINIETE, #—V VREBTIZLA VA F%
10'7> 510D HPHTRE T X 5720, FERICTL VAT
OBGET— 7 DB TE5b0L LT, FIERHZG W
726 (P4 HE)

Plenary Lecture 4: Dr. Thomas H. Pang (GE
Additive) “How Additive Is Driving the Future of
Manufacturing”

20184FE 6 HIZGEIZ & Y #% 3. 2 L7=GE Additive® H A&
HAEE ML HE Thomas PanglKiZ, ¥4E, #HrLwiiggk e
LTHEHENTWELEREIDTY v ¥ OfE%E &, GERGE
AdditivelZ B1F 2 HUD MLAZEIZ D W THEH VW 7272\ 72,

GEIZ20164E 12, IREW R EE3IDT) v ¥ A—H T
& - 72Concept Laser® Arcam?: % HILL, BL{EIZGE
Additivel LT&E3D7TY v 7 283k - e L Tw b,

SB3IDT ) Y FITED, ek OB TR K
THho 2TRIROFEREIR 2 Wik T & 5130, BHHTZIR
Hmm O — R X 5 RSO ES YIRS T
Wb fLZERET DY OBREL ANV EB OGS
BEIN TV, GETIR&E3DT) v 7 &2 LT
D EDODEREE LTEET 22 LKL, A320neoX®
B737TMAXHLEAPT » ¥V VIZEHLE N TV 5,

51, BERRETOBITIXHGEIX T v ¥ V12 ),
&E3DTY) v ¥ TELGE S NTIAIG & Y — ¥ Y EDE
FENTVDE Z EEFN SN,

KWL K OB EET ), HEOBREILE D
WHEIAThI, RENRTH -7,

(Abfg 1EBL*Y)
2. Panel Discussions
FREDT —IZOWTHEHHE B X OBINE A Il 25

WTAHE LT 2HONSRNVT A AN v v a v ERERITT

Panel Discussion 1: “Future of Aircraft Propulsion

Technology: a Manufacturers' Perspective”
WAEDIGTC T AL ¥ Y HAMIZE T 578 % L
TA AN YT a vHBTbRTWEY, % NEF B o
Mzl L, Nk y Y VRO EMICET %3
WMETDHIEDNE ol SHNE, ZAWMINEEZ T,
HROPTHEDFOOH B EN 345005 Bl % &
CIUIR & IR 72000 AR O 21TV, D
b, 2V UVHBOHBIRELBORERITH)I L L
L7zo 72, wirll (20154F) ISHe& g/ MTORETH

®* 1 THBIZRATZERHIERAE  ATZER R

HZ LB FE z, BINNIH S BHEEE OB LT IEN
WwWiz2E, ENOEOMILE GO iEmitir)o e L
720

9, AP OORFFREE L LT BRELELT
NASA®Heidmannlt X U, NASA's Perspectives on
Aircraft Propulsion Challenges and Opportunities &
L 72FREIRE DS SNSHBEU) T R SR ES
NASADILY AN SNTzo He TS O #ESET
F & LT, Rolls-Royce®Haselbachf & b, Evolution
and Revolution for Sustainable Aviation & i L 7% RE$%
e 7 S N7z,

HA2GIE, FIRBEERAOHINBRZIRLD,
Japanese Government's Efforts to Reinforce Aircraft
Engine Industry & # L =558t S, HAE L
TOH R  HEMBFERENC X % S SRS OfF A
W ENTze T, EWN 3HOFEERMI R S,
#1102, IHIOM#E KKIZ X 5, Key Technologies for
Future Turbo Fan Engines& [ L 7255 EIRE A% S
7oo THIDSRRE L T AIRIER DN EAM 2 E2SFRA SN
720 85212, JIIGE TOBEHHE K L U, Technologies
for Future Aero Engine in KHI & & L 7255 E$2 4t A3 20
SN, RIS X B, JEMERR - BEESE - ST AR v 7 AL
BIT A0 AR SN0 TLTHEIIC, =ZFEE
IHizex > T Y OFHIERINE Y, Future of Aircraft
Propulsion Technology: MHIAEL's Activities& # L 72
SRS e S, BRBERR BN, & — ¥ U B, L -
BIEHA 7 EOENT B8, oY VR RALTD
Y M7 EDHAA S N7z

HECBWTIE, O U OED LNkl
(“Material”, “Superior Techs or what are good at”,
“Team work”, “Long term perspective”) ZxF L T4
BHEZEOBREIREN, BEFHIEII > TWE720
WCEIERH DR FNFRICOWT &Nz, BBIEED
JAXAD A HFEHR K, Summary and Suggestion?s#% 5%
WX DIREN, BRImOMRDFE L ORI NI,

FLOWHETORRTH 57285, TACX Y 135 HH
WEWS AN TH o/ DI XY FEWEZWTED
M OEKIIfEbs b0 b b,

(R H: #—*1)

Panel Discussion 2: “Turbine Technology Development

in a Low Carbon Society and a Hydrogen Society”

R FAZMT 2B EANER L 2o TETED, ¥
BRI AN F—DBEAZRHET 5 L TREDEA B #
AIAD TV Do BRI E TIX KT IEEA~OELE HHiE/N
L, BAETEZAVF—~OEENIEATND, TOX
) BRALZEHOHRT, TR —ErRERI -l
DI AN F—EEHOBMHABI S H LD HINIIEATY
ARED, KEFICTHHEEE, ZOHSAVT 4 A
HyvayEFol,
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oA RS =¥ VEBOMKE, KIERBEBA 72 L12oWT
A S Tz

=AY ADORY MADONTIE, KEHEZ KD %
W 72000 M, RERAT R LRFEORBE, KERBEH:
Wiz ElZoW Tl S 7z,

SZEHVNT =Y AT AORP) MAIZOWTIE, B
RGOS =28 E 1/ MHPSO KK kG, LNG/KHEIRBEH A
¥ — Y U5, KEBRBEN A Y — ¥ OB &I
DWW Tl Sz,

JIIE TR MAIZDOWTIE, WRITZERKAKE
YV TIGAF 2 —, KERBETAY - rad R —
varkEonwTiliE SNz,

G—uy Xy —U Aty FT—=7 DY HAIZDONT
1%, Christer BjorkqvistIRASKFZIRBEST X ¥ — ¥ R T
VEZTERBET AL — ¥ U7 EITOWTHER & 7z,

IRANT A4 AA Yy vavid, REHNKZCBTLHA
F—Er o, a—uav8 kEZL SR X 50k
BIROECIHH LT TbN e RRT X, K&K, TV
BT R EOMERER, EhEFEESHEREZEE L
iam & o lce RIRAAREFEHNAAY —E VIO

T, KFIRBENOIREHRIR I HAN ) 2 M EATE D,

SR RKIRAT A KRFZRBEITHRETH 5 2 L ITHk D AA
HBATHA L, KE-ZIIBITT 121, KEFTT
AF 2=V OMINEETHLI L, KEHETLHA
7 — U ISR S NS 2 E WIS R 5 720
(FF iz 1)

3. Invited Lectures

B EDQIGTC TR O b ¥ v 7 21Z2WTHMIZH
WY AYE LT, WHEREREN T2 T -T2 %
RV, Sk 2z CIHRFEEE ML, L)
) — L7 F v — LAXNCAF OB FREE & AW L7z,

Invited Lecture 1: Dr. Frank Haselbach (Rolls-Royce)
“Key Technologies for Future Aircraft Engines”

Dr. Frank Haselbachix, VU ¥ TRK¥ZICBIT S
WHgETRE) 2 A CRESEFUCR Y, Dok v ¥ Hil st %
FHELTEY, MHEEHTRMI Yy Tur 7450

®* 1 PESEBMRAIEIEITE T A v F — R JE iR

F—T IV T 2 BEOTWDS, 4ZRolls-Roycetd:
B2y VSR POIRRE T Y v OFEST
(MOIRNE 3 WAVAYAIRY AR

MW TTIX, 9, Rolls-Roycetlk d B3 L 7z 38 o
Y—K77 LT VI AMENHEI S, &HO
Trent-XWBIZD W T R L 72 BRBEMEREDSFE L <A
N7zo F72, ACARED HEIZHD {HSETHEIAVR S,
Advance 3 FEVA ML =% 2k bHary T v Hd
% ALECSys (Advanced Low Emissions Combustion
System) 2 X % BREBEZ A, ALPS (Advanced Low-
Pressure System) FE Y A L —% 2L B KT 7
VAN E e EEAN BRI E
Ultrafan T > ¥ V238§ % & ZER AN B S8R & BEBT
FTHELDBI, 72 B VIR L-X T O el 5%
FiFE DRI D %2 S N7z

TR O FZACZ N TR INGRIL L T2 &
B LEAM IS DT H ALY M AN S, B dEaEsT
i) & L CACCEL (Accelerating the Electrification of
Flight) oW TERA» R SNz,

BARN 2 B BIRRADE {, =0 Y U EAN RS O#E
& & HIHEET DIERAZL RIBICE LiEH TH -
720

(Rl Be—)

Invited Lecture 2: Dr. Toshio Nishizawa (JAXA)
“Outline of JAXA's Project: Advanced Fan Jet
Research (aFJR)”

FEHMEIITE R (JAXA) ORUZEHMTRMHE
WA E GtaFJR7uy 27 b3 —T v —) OWE
BHERIZ, JAXATIibI/zaFJR (ERhRigw 7 7~ -
5 —VY PR TuY s s OBMEICOW TR
727272,

T TTAXADRI & TH 5 L2 HMATFENT THrb i 7z
FIR7U Y = 7 s OBEE & BUE DR 22 H A58 M o il Bk
5% DMMADH Y, aFJR7a Y =7 MZERLEED
RENTZ, T TaFJR7 B Y 27 b I — )b & HERE
BAZOWTCTHHLH o720 aFJR7T Y =7 + T, [H
NOL YTV A=A =DM L o> TV BIEREFIC
HEHL, Fuyzz tvoa—LVELT, ROy I
R LT)7 7 »or)RIptH k, (2)7 7 ¥ OEFRE01%
B, KEY—EroEEIINRELZE T, Zh
LOT—=)IVEERT L0, 5OOFEMAIMIET —~< &
LGEESN, (DER7 7 Ik bzt on L, (2)
HZECFRPICE 27 7 7 L— Fo#Ewft, 3)7 7 v
T4 A7 OB, 4)ET3Iv 7 A (CMC) @i
A X BIRIESY — v v oiEREfl, GHRERkDT VI = A
MO TIAF Y 7 OB L HWE T 1 F— BRI
B9 MR E S ze TLHDWEIZJAXAZ Huls
12, THI HHEOKR, SPRT, SRTHEKRT, fp#
BRFEOFETib iz, T2, REHICHELT,
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AE YT AZICK IR L D ARICHET 2 2 &
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EEIEREE ADE MO MA L 2o TWD T LD
HTH o7z,

INLOREEEET LI LICLD, aFJREAN X
V250012 L —16% 2L Lo BREHEE O (¥ —7 v b
1316.0%) #FEBTEXLIEIIRENDL R E, HERDH
rrryyrvrudzr Mo#REY TRV W, &
LSRR OBEER Y v ) v RO iR &
ZDOWTOH-EMND - 720

(BiAK IEHL*)

Invited Lecture 3: Prof. Mehdi Vahdati (Imperial
College London) “A Review of Computational

Aeroelasticity of Civil Fan Blades”

Mehdi Vahdati#izs 51k, Rz ro77 07
L—FZ2ERRE L, ZHEEOKMEY I 2L —
¥a VTV TERE 2 i & THW 72,

BT, FTRB 77 vz v Y aBiF 22k
TFMOEZEEA RSN, RE7 7 v v Y YO
EZEDCE—ELNVIGELTEBY, SHRIdELRL K
AL, BEM G EDH L wHEN - 8, va— Mt
Wi RPN TORRBTFHEND, KRELRPHES
ORI TIREN R EEE L KIZL, Ya—bFEro
BHIZEDA YLy bF 4 A =2 a vogBpimd i
bo WINH IR L KT T/20, REHERBET
DOTHHPEEL B, —HT, HE LUTHlREZES 22
HPEOEREBIIKIR L LTHIAMTHY, FHHEEO%
EEAERELHEY I 2L — Y a VICK AP EE
o TWwad, ZOX) BEFRDIL, RELY Y TH
X135 3P Oz kI E LT, part speed ks
759%, ALy bF4AM=Y 3 VI X B2,
N—=FA ST A7) D HPEIRB) OBy I 2 L —
¥a YAIRENTz. T IR & R o 7o E SRR
N CHIUE, EEBREL NVOEBTIEHE NS
FRA—FDFEITRNDLZENTE LD, BN O
fEHEME I RIS 2 AOEL NS OBIR M08 % ik <
IFHDOT, THREBIPLETHL I EIBRENT,

(¢4 HE)

®* 1 THBIZRATZERHIERAE  ATZER R

Invited Lecture 4: Dr. Francesco Montomoli

(Imperial College London) “Machine Learning for
Turbomachinery”

Dr.Montomolilx, Florence X TOM I #%, GEfL,
ry 7y VREAL Y MVIFERT, YL —KTOE
Fx ) T ERET, 014EPLHEOL 2 XRY TR -
MR (Senior Lecturer) (ZHELEL, AR KIZT
##H % (Reader) OMAIZH Bo WIS HIZ, M
YTV HRY = OERIIDI B0, KR, B
Wt DOAHED S DR COMFEERMDPELTH D, €I L
TR DR T, ITAEIE, BUHRNTIC & % sl bR
FER ATHAN D@ 2DV CTHRIZIEFE R WF9E 2 B L €
Wb FRWEIEEIZICEE ST, KEND DR -
FRBEIZOWTD, BRITEEOIHEZ LIFTwb,
GlNE, ZORIEEIEN L TW A O 7 — K
WBAFEN OB D W TRl & THW 720 BiIE, K& L
G0 T 3 EERC TR S 7z,

9 1L, EREREZEMICL T, MMEE
WS IREGEA L DG BI A S dze 22T, BB
BOTNVI)ALELTE, =2a—=FVty b=
HwbhTwnz,

B2ie LTiE, RIEVEMEEEZHWT, GLiRET
VOREEE L& 47 ) AR Sz, BHBI L LT,
HAY — ¥y OGHEONEREE 2 Bt L 72RICBW T,
NI E DO FIREEZ I L35 b Do RN — X1
JWLTTNITY XD L == T &iTbTEDL, T
—ED ML ==V TR LIZT IV TY LR, WHHRICK
53 BRI DR 2R § ] RePEAVRIE S 7z,

RAEDEIFTIE, FEDOAIY 7 F2FHALT, Ny
ATy THRNERELT S L) 2=— 27 ZHRLDHE
& NTze ARSI A DA THIEIC R - T
WHOH, Ft) LBy =7 v IREIC
TRICEHA CELRENIESTETWL I EZERTE
LHMEY 7 ATHoT,

RELT, BTV T) AT R BN,
72720, ATEM QBN 2 M2 e v —# oA
57— U5 - HEICD DD T L 9B
GHEOIEGIH L 2O iam R S h, BREMS TN
ZNOWIERFE OB EH T 2 BRI, 2 — Y &2 HT
5L BRVEHETH - 72,

(KA #E3R*)

I. —fg:EE
1. Aerodynamics and Design

Aerodynamics and Design® ¥ T, 170ty ¥ 3
G PN TEF2MH O LI EI Th NIz, AR
WCHARTEy ¥ a YA L, GO 8 1, w4 ok
RNIWARTE Yy ¥ a V2 41, G221 o B
Lo TBY, HHMOMME2H T Wb,
Ya v iFITRTHF—FTFA ARy a3y LTirh

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/06/05.



Vol.48 No.6 2020.11

IGTC2019 Tokyo#i& 401

n, ZnEhoty v a v ClimEME wo - FHRE
Mtk Wy — ¥ Y, CFDOGEICEM L 7258K03H -
2o UWTFIZ, A=HFA ANy T3y ZTLIZHT 5,

Aerodynamic and Design of Axial Compressorsid 3
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