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The Role of the GTSJ in the International Gas Turbine Community

Prof. Joerg R. Seume™
Member Verein Deutscher Ingenieure (VDI)

Member Turbomachinery Committee of the ASME
Member European Turbomachinery Society (Euroturbo)

1. A personal Introduction

When | accepted a university chair in 2000 after 10 years
of working on heavy-duty gas turbines in industry, one of
my predecessors, Prof. Rautenberg, told me of a small, high
quality, and well-organized conference in Japan which he had
attended many times and valued. It has been my great privilege
to attend and contribute to the activities of GTSJ during the
almost 20 years since my first attendance in 2003.

2. Community Building
2.1 Communication between Industry and Academia

The International Gas Turbine Congress (IGTC) hosted by
GTSJ has provided a great opportunity for turbomachinery
engineers from both, industry and academia to network in Japan.
I can personally confirm that this opportunity has provided the
foundation for building collaborative relationships which lasted
many years and were scientifically and economically fruitful.
My laboratory was privileged to contribute some papers ®--
(14).

The main value of IGTC is that it provides a stage for
the partners to show their competencies and interests in
turbomachinery. While gas turbines are prevalent in the name
and in the tradition, many topics relevant to other types of
turbomachinery such as steam turbines and turbochargers have
broadened the scope.

2.2 Promotion of Young Engineers

When attending IGTC, | have been impressed with the
dedication with which young Japanese engineers have taken the
opportunity to present their work to an international audience.
Of course, presenting in English initially is a great obstacle for
many young Japanese and other non-native speakers but with
continued attendance, the presentations became more fluent
and answering questions after the presentation became easier.

Beyond the scientific exchange, however, non-Japanese
young researchers were given opportunities to participate in
Japanese academic customs. Unfortunately, | cannot say more
because as a senior person | was only allowed to accompany
the young researchers to the venue of their meeting but | was
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not allowed to attend. | left venue and | will never know the
academic customs to which the Japanese hosts introduced my
doctoral students. They were very discrete and never told me -
and was sufficiently discrete not to ask.
2.3 Cultural Ambassadors for Japan

Apart from introducing young engineers to Japanese academic
customs, GTSJ has performed most impressively as a culinary
and cultural ambassador for Japan.

I had never understood the range of flavors of Japanese sake
prior to attending the last IGTC and by Japanese standards, |
will probably never fully do justice to the subtle nuances of
sake, | think that due to your kind introduction, | have started to
appreciate them. The same holds for Japanese food, the range
and quality of which many of us Western attendees have come
to increasingly value and understand.

As for the role of cultural ambassador, GTSJ has provided
the attendees with many glimpses of Japanese culture. | am
glad that some of my Japanese hosts have provided me with
additional facets over the years, but never having immersed
myself for prolonged time, | still can only guess at many
aspects of the richness of Japanese culture.

2.4 Journal of the GTSJ

The Journal of the Gas Turbine Society of Japan (International
Journal of Gas Turbine, Propulsion and Power Systems,
JGPP) has evolved into a respected international journal of
our community. It has achieved this status primarily through a
rigorous and meaningful peer-review process. The quality of the
reviewers’ feed-back shows the thoroughness and competence
of the reviewers. For the international turbomachinery
community, the opportunity to submit manuscripts to JGTSJ
is a valued additional opportunity for high-quality publications
which my laboratory has had the privilege to enjoy @07,

3. Agenda setting for R&D

The rigor and consistency with which the Japanese Government
and particularly MITI pursues industrial policy is the envy of
many other nations. In the Gas Turbine community and beyond
in the field of energy conversion, the IGTC has provided
great opportunities for Western engineers from industry and
academia to observe and continuously follow the setting of the
Japanese agenda on energy conversion and to some extent on
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aerospace.

By providing insights into the Japanese effort in these
fields, GTSJ has stimulated international competition. This
competition ultimately benefits everyone in the industry and
our customers.

4. Window on Japanese Industry

Some of the most valuable opportunities GTSJ provided
beyond the core IGTC, were the plant tours to power plants
and manufacturing plants in Japan. This window on Japanese
industry helped me to better understand the boundary conditions
of power conversion in Japan and to more fully appreciate
the extent of the international integration of the Japanese gas
turbine industry. This is most valuable, even if the market share
of gas and steam turbines in the overall energy conversion in
the world may shrink.

5. Conclusions and Outlook

The insights GTSJ and its bienniel International Gas Turbine
Conference have provided for us in Europe and elsewhere in
the world into the current research in Japan has been most
valuable since Japan over the last 50 Years has become a
major industrial and academic player in gas turbines. | hope
that this contribution to international scientific exchange and
collaboration will continue into the future. | wish GTSJ success
in this important contribution to science, technology, and the
economy far beyond the 50th anniversary.
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Fig. 7 Turbine Inlet Temperature of Civil Aircraft Engine
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Fig. 9 Engine Noise Source and Noise Level of Civil Aircraft
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Fig. 13 Scenario of Future Air Transport

JAHREOIERZEICLY, O —FRr=a2—bF N
ZERT HIERRANOTEY 7 F2SEZ D, [FRofit
ERHEPHEEL IR ) RIBNS L BB F )4 TH
5o

INGDOYF)FREZTSA, 8425 F12C0O,
PRI IR O 72 DITHZ2H T 2 KIRIZHA§ 5 2 &%
B0, FEFIGE) OB O BRI OMZEHIZ L 5 N0
L EWEREOTFELZRE A, Moz ERH Tl &
WzsZ 3L EEDNE, ), Fl1odF )4+
IZDoWTIE, BEO RIFEHLZERE COREY D & FFHE D
MZEEZ D) OVNTWBEICBITTE 200, BES
NAEMEFEZWMET 72T OERSLKELZIHTE S
DONREDEENH), INHHEMITITHELVEED
Nb, FIZE2DYF ) FIZOWTLSAFO LR
BEPLHENTEIRwEEbNS, HRELT, &8
3OV FN AL EFRVERDbR, EEIATA
W2 TERIR S L 7220504F F TIZCO HEH =2 L 1 i
T2 HBEIBWTY, ETBEMHZEREC K EIREHTZ2H 2
EDOFBAEE AN X B PRI, SAFOE LK
X PRI, BT - A V7 TEOYEHIC L B
HiEHIK, CORSIA (Carbon Offsetting and Reduction
Scheme for International Aviation) & - 7zHEHIHEIL
5% EORFWFEOEN 2 MAaGbE T, TOHESY
ffeMERLELESE LTS, HL, IATA®YF U *
TOHSAFOMEHIEKIZ X HCO HEH mHIEIE R W Ic
FEENTWDED, ThFE TRz ) ICSAFHE R RS
it DB SRR ENTD, GHITAY - Ty

DMBEZNETHILITEELLEZONSL, $72KHE
IREHIL R DB ERD 1 DL LTH A - v b %
ALNTWDS, TO7, SHD RMMIEEEH OHEAE >
AFAELTHAY — YTy Y UhB| & ELET,
Z DORYERYGE D 72 OEME R FEYE R BRSO FAZHY
FATWSBENDHLEFTZ 5.

HAY—¥ LYy OEFERR EIZOWTIE, 18k
ETBRIC, BEEMFEOM L& RENOEET AL,
¥ —v AR A2 I 5 720 OHA TR,
HAY =¥ v EBBONA T v FIGIZ X 2 B3 FE 0w
HBx Mo A Y AT ATRREOWIER S b iR O
BT Y Y YOEMIZTHNMICED SN Twb, %
72MTU Aero Enginestt TIXEHEA T A ¥ — ¥ L I2B)
HAUYNA YA NVDEHINII—=KT 7 v hHOHE
B KR THIN L TR FRZUHET HWET (Water-
Enhanced Turbofan) &IERT VY VR HF S
—(b\éﬂ)o

—, HEERFLE T THEO P OLEI G
ENTwWb, GTFEE®D 7 7 Y &2 K LEIZE /N
NAWALT B IEREDOMIZ, GERL/SAFRANAL O & Fp 4>
3T HCFMIfE TIZRISE (Revolutionary. Innovation
for Sustainable Engines) &WHMFEHE 7T 7 7 40
MTH=T 77 V) BREBEZREFALTVWDY, Zh
E& 7 McEbhT7 7 oD YIZT s M Lo
Vo Fr A3 RO 7 7 VEE LT 7 VifE % fif
ATBEEOT VT T, 19804EC & D WFZERFEA T Th
T2BRERT 7 v ERFEOA—T ru—F — BN ZD

Download service for the GTSJ member of ID , via 216.73.216.135, 2026/01/21.



26 RREMEHAAR2—E T Y

AAH 2 & — £ 2R

2 EIEIC X A HEEDOBMES 29K 5 LRIEZR /N A /XA H

B X B HEER RS 2 ) REIZ 2 o T B0 flIZIE,

HAZ—E o0t ity 7 ¥ &2 EERE T 50T
F%l, TRAY—E ootz —HERICER LK
BOE—F—TT77 2B SELILTIO2YH)D
T 7 R ENZENANALETY) ¥ —KR L s b
Vw7 5T 7 vEMAGDEIERE, BIZE IR
Pt 283 BRI O OBEFE 2 v aA A dE ) A1) |
¥4 5BLI (Boundary Layer Ingestion) % A& b4
HRER EQHEMEINTWD, WFNOERE D B
ML D720 T, HitE Y AT 2 ORI~ OHERIT:
DOEW, BRBROBETESLEL L7290, HifEs X
T AROBEE Y AT 2% ML L 7o MG D & %2 5 72
590

B, ARTIKIOMBRTTHIICHERTE o7
DB, SBOTAY—C oI RGO AT A%
M3 A B8, MR 20 Ca <, BORREC By, eI
RRICBUTHCO ¥R EE LA 7H A 7 VTD
COHFHEZEZERBL TV LEND L, BICTATEL
I ICRBMZT T > ¥ I3k 2 250 RE G
i, FRPRCMC% EOMAH) Ra—F 1 ¥ 78
EHSNTBY, ZNoOEEICIIRED T AL F =
VEETCO P SN B, F 728 I IR S N B3
MOBERFLCO PN SIS N D, S Dz, MR
FOCO FEEZHIR L CTd, HIERER AR DCO,
PEMEDBIL, 54 794 2 LV TOCO PEH R
MLTLEIDTHhEA—FRry=a— Iz BT
FETERDP LS oTLE ) 720, SHROHEMED 2T A
OBFEHZBWTIZT A 734 7 VI COFHlis L E &
HBHEEZOND, FOLDIZEFNER DS 4 79

A7 NV TORBGRFFAMAEIEZIER 5 2 L9 HR0 5 ILHE
VoY, TOHICBITBEREHRLICL2EEARD 5
nTws,

S EZEX W

(1) — MW LN H AR B s 2s, AR 3 AR B2 RUR R i
ZER% R 7 — & 45 YGR-0219 (2022), pp 1I-18

(2) GE Aerospace, GE9X engine
<https://www.geaerospace.com/propulsion/
commercial/ge9x> (accessed on 30 November, 2022)

(3) KAL¥EiR, ‘Mz Y v I2BU s HHEMiom” H
KA AL — ¥ r545EVol 38 No. 3 (2010), pp. 12-20

(4) International Air Transport Association, Pressroom,
<https://www.lata.org/en/pressroom/2021-
releases/2021-10-04-03/> (accessed on 30 November,
2022)

(5) International Civil Aviation Organization, News Room
<https://www.icao.int/Newsroom/Pages/States-
adopts-netzero-2050-aspirational-goal-for-international-
flight-operations.aspx> (accessed on 30 November,
2022)

(6) ATAG, Waypoint 2050, Second Edition,
<https://aviationbenefits.org/media/167417/w2050_
v2021_27sept_full.pdf> (accessed on 30 November,
2022)

(7) MTU Aero Engines, Water-enhanced turbofan
<https://www.mtu.de/technologies/clean-air-
engine/water-enhanced-turbofan/> (accessed on 30
November, 2022)

(8) CFM International, CFM RISE Program
<https://www.cfmaeroengines.com/wp-content/
uploads/2021/07/CFM_RISE_Whitepaper_Media.pdf>
(accessed on 30 November, 2022)

Download service for the GTSJ member of ID , via 216.73.216.135, 2026/01/21.



27 BEAHR 2 —E ¥R

Vol. 51 No.1 2023.1

B » MREH —

R - HEAAAY = V¥ RBIS0RFERLAHE FAY—C V- BRSO MR OKA L SHOBELE [Hil]

Bit e IS BT 2 HEHY = v b v T v OWSERSE
Research and Development of Aero Jet Engines at ATLA

T

HIRANO Atsushi

A B

MIYAIRI Yoshiki

FORT AR 2

TAKAMURA Rintaro

IR 5!

YAMANE Hideaki

X —T— N gy, MiaERnrsenr, TRy, i v b YV ORER
Key Words : ATLA (Acquisition, Technology and Logistics Agency), ASRC (Air Systems Research
Center), CTC (Chitose Test Center), Japanese Defense Jet Engine R&D History

1. &8

EAEOMEHY 2y bV Yy OBFERICB VTR
MZEGE XN 72 00%, RIEREESOBHI204E 8 A IZHRAT
L7z [HAE] ks hz T420] O 1§y =Kz v
PZY Y UTH D, A201L MU O EMZEFAMME (Z2H:
W) L E o TER—KL L > Th$ 0 14ETH
RATE T & 720 MR, W29 ~ 354E122F TH
FEEINEEY = v MHEEE [T-1] SRS - EiE
Vv b2V Y (]3] OBEITEENE D, R
Y5 (BUEOMZEZAMIIFERT) TIdH 4 A RER % D K
LERLAED S, J3RFEREDE L IZA201ICb > T
722 B I N EIN S O BIRE Th - 72 L alidik- T
Wb,

ZFNH BE6EBEDIF2SEICEPEM D AT VAR TH
B e e R FERERE [X-2) WRAT & AT o 720 X212F5
WEXh7-gio Yy [XF51 (BLF [XF5) £ 59,) ]
IZDWTIE, PR TAEDP LIRS MG S, 224E D% H
W2 & D WIRAT 2 M 2 72 X2 WIRAT HE O il B TXEF5 D
T 7Y = N—FWEEIRBET AT R T, PRET
LIEAEDOHZEH L > Y v OB D E N T & AEIT

KLU DOTHD, MEHOY Yy VT Vid,

i OB OREENTH 5,

AETIE, PiEmTOMERY =y by Y VICH
T AHMIEERM, BIFIR, Wigthtnk, mPIsE, NRE
Heili ORF7E % R 3 %0

2. BifiEmTOMEAY =y b2 Y CHRERM
2.1 MZEEEHIZERT

Bt 2e i3 12 507 B B EPR O ZE RN OVFHE R & O
FE: O BRBRATA X, HOCHRAZ) T D BE 1 A s R A2
BEALHNIC & & AL 22 R JERT T1T o T o MLZ2SEA

sz 20224E11 1 15H
* 1 P ST A 22 e Mt 7e i
T190-8533  ZJISRMT 1-2-10
* 2 BT T
T066-0011 Tkl B 1032

WRFERT S BRI 334 12 Bl T B F ZE AR50 28 3 WF7eir (G
B30 & LCRkiEsh, Bk - =Yy - FERE
D 3 THIEZ 4T > TV /2o PRSI B T Heatr i
FEAIRML A RN ZETT GEFR © ML) ~AREZHE L,
Z D%, PI2TH IR R T O 5N X ) B di
Y Ze 2L T ZE T & OO S 720 BLEEREINICIE, fiZetk
Bitgesl, = > ¥ v BANWIGEES, FHEBATEEt2s %
D, VY UEMHELRE, YV AT AMNRER
IV MERNRE, Y VHIBRE, vy
PV YV UMIREDP LR EN TV S,

2.2 TmERS

B i i T T iR &, ALl TRl o HGER, B L
WXAZHAE L, B L HEW o 17 5RRE 2 47 ) TR 5 b 3
Bk (BObmREf80 m?) &, MR OFE D
JEGI FRBR & = v D RBR R AT O 22 HEERT FE R (it
MRE#R27Hm?) 255 (Fig. 1)o

Fig. 1 Overview of CTC
(Chitose test center aero-dynamics & propulsion test facility)

TR, A3 Bt T Bt f ZE A AL g Rk
& UL mERICHIRE S M 7ze € ORIEHI454EIZAL
BT EB NI T &2 B L, ST AI584E X 1
HU S B R, PR 3 4E & 0 22 HEEF JE R 0 B
B & AR L7z “PRLL6AE I IZ BN A & T X 1258

Download service for the GTSJ member of ID , via 216.73.216.135, 2026/01/21.



28 REEEMITICBITBMERY v I DIRRRE

HAARZ —EFR5E

ERUR L, TR 7AF LS HE o A BB R Je O 2= HE AR BT
JERiRE DSTERL L7z SPRE2TAR I B R i T D F R I &
0 Bt ST AL BRI (O S A, SFIK304F 4 HICBh
TR T Tk BRI SR L 72,

T R BR Y D22 IR e 71X, 3 2D EELK
BREEZRAEL TS, —2HIEZZAY 2y by
Y OMRBERBRZ AT O AP R 2, —SoHE Y = v b
lV?>®%§ﬁﬁ%ﬁ5£V§V%$ﬁ%ﬁﬁ%ﬁ
(Altitude Test Facility : BL'F TATF] &£ E9,),

B AT Z288 I OV 3804 o JRR 3R & 47 9 :%Eﬁhﬂa&t%
THhHb, INHITMATHEROAFEEL LTV 2 b
IyT O FREREAT ) KRBT D LB Ay R
THY, FHEEOBETETFEL TV D,

TR 21 3 D ORBILATErLNTB Y, =2
HEWIFERERE & LT3 5 2 SRBRIEASIRGE R 2 & & =5l
JFEURZEE, 56 3 RBIMEATATFZ Y LT\ 5,

3. BEREFICEIdY Ty I UHARER
P ic BT 5 Y 2y b v Y USROS A
#Fig. 212" 7 MZHBROT- 1R EHBEKE 21
BRIND]3T Y T OREE =2 T Y OFEFRHIED 5
SR A D A% Ak, J3, F3, F7L OTS1A8
AR IC R e S, HAROZEREEICEHBKL T
6(1)—(3)0

|1950-|‘ 1860ue 1870us | 1880u | 1980un | 2000sn | 201 0w [ 2020w |

e ﬁ( u.-tfn:r.w m2e2 m

PRI~ TH8/ 1 NS -RI P

HuWEN P2 “Il"'. T4 nam'!]?‘i OH1  WER PX

- . e oo e Pl ) e VESORNIRL D ep www mad g g rpupecer
IREERRrED oy u\._p,—m-g vy et o W " 3y bl

Fig. 2 Research and development of aircraft engine at ATLA

3.1 HEAIC YOt

BHEN, B FEE F 72 EB L E RO R E
AFT5b00, ThFE THRHABAT Y Y VHEOKRS
CEEEN oS, BB T VY VI A%
ELTE, MO T 75— N—FfF 5 —RT7 7 (XF3-
400) D EVERE R FEAE L 720 BEW T, EWIER L (O
HEREN KD EE) RENLTAAN=Y 3
VIR EBT 570 OERMIEICEF L, V7l
EDOREZE B L 72XF5UZ oW, FhigRAT E% R
(PFRT), #fk - =Y VA MMHESEDY AT L - A
YT V—=Ya vy, RURATRBZ FEhE L CHA & B
Lf%to%®%%,kﬂ@%ﬁ%ml//zL%L

T2 IS ERHWFE 2 A L, PR30 A 5 FEHi L
7XF9-17a by A4 7Yy (UF [XF9l £39.)
DOFRBRIZ BV THRAINEIILS b /ﬁ’?’%%ﬁ}zb’m\éo
20104F A% ~ 20204E R ik BB = > ¥ VI S
LYEREZ, WARONHE - B RE _%béﬁﬁmkﬁﬁ
PEREICEID 2 EHE &S (BLF [SFCJ £ 59.) OB
)% L ICMET$ %, Fig 312, EELY Y 2 a1
ROWEEH T VY v OfEILOMEIN %2 RS F0% Rk
WZHREWHEE IR IZ W 2 e R NofnZ e TB Y,
AR 2 Fi e & 5L, 2010448~ 20204E A% o HE E L

RO D B LIS 7z,

12

Thrust-to-weight ratio
8
\

u 'l 'l i L ' ' J
1950 1960 1970 1980 19%0 2000 2010 2020
Year

Fig. 3 Trend of thrust-to-weight ratio of fighter engine
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Fig. 4 Trend of SFC at military thrust of fighter engine
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Fig. 5 Relation of SFC at military thrust to bypass ratio of
fighter engine
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Fig. 6 XF5 afterburner test at CTC ATF
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Fig. 7 Engine test cell of ASRC
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Fig. 8 Engine spin test equipment of ASRC

4.2 TriAERS
TG0 Yy b v Y U, BEO
ATF&, A5 ER TP EORB L vV ilBRY (H
%) BH b
ATFCYV 2y by Y roEZetiRkz, Ko
vV REY T R ET A2 LIk, A5
ELUBEY 2y bV Y YOI E Ty Y
RERO KB % TG TEMTESL LDk 5,
ATFIZ R 5 AR BED & P I24F BE £ T 8 4R ] 12
HoTERINZ, F/-20MEISLEETLRAEN
AT B 7212, 8,000 kWD 5 %%ﬁ%%o & R
BN, RIS bRk OB NI R S T,
ATFOHBIZ R EFER IS8T X — ﬁfﬁ)éﬂiﬁlm
TERAIRIT0 kg/sT, IS/ BI B 2 AUE L 723D
58 MDT T —N—=FAHENA N AT TV DR
KLY T 5o KB HE (X25Mach, fe KA
EEIET5 kftT, T b/AEEKRORIT T v Ra—
%@ﬁ?é%ﬁ MY B, ATFOERES % Table
12, R Na—7%Fig IR T,
NWHﬁﬁﬁ&ﬁﬁ%ﬁ?%@,Nﬁ%%&?é%

Table 1 Specifications of CTC ATF

Maximum Air Flow Rate Approx. 70 kg/s

Thrust Max. 7,000 kgf

Test Mach No. Max. 2.5

Test Altitude Max. 75 kft
(approx. 23 km)

Test Temp. -72 ~ 270 T (Inlet)

75 ~ 244 kPa (Inlet)
35~ 101.3 kPa (Chamber)

Test Pressure

Connection Type Direct Connect

Min, chamber Press. 3.5kPa

p d =
7 : i
Max. inlet Temp. 270°C
&0 Min. inlet Prass. 7.5kPa
50

T
!- Min. inlet Temp. -72°C

40
a0
20
10 1 pax. chamber Press. 101.3kPa
Max. inlet Press. 244kPa
0 =
0o 05 10 15 20 25 a0

Fig. 9 Envelope of CTC ATF
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Fig. 10 Overview and main system flow of CTC ATF
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Fig. 11 Test chamber of CTC ATF
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Fig. 12 Facility control room & Engine control room of CTC ATF
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Fig. 13 Ground test cell (Under construction)
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Fig. 14 XF9 development plan
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Fig. 16 Altitude test for XF9 at CTC ATF
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Fig. 18 Water cooling RDE test at ASRC
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Speed 3600rpm 3000rpm
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Combustor DLN 2.6+ DLN 2.6e DLN 2.6e
Model w/AFS w/AFS w/AFS
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Turbine 4 stages 4 stages
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o 623% | 634% | 63.9% | 63.7% | 64.1%
Plant Efficiency
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Fig. 3 Heat recovery type combined cycle T-S diagram

Fig. 4 Heat recovery type combined cycle process flow
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Fig. 15 GE gas turbine hydrogen blending capability
(Figure by GE Gas Power)

Fig. 16 Combustor development for higher hydrogen blending
(Figure by GE Gas Power)

Fig. 17 Hydrogen blending demonstration at Long Ridge
combined cycle power plant (Photo by GE Gas Power)
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Fig. 5 Siemens Energy large gas turbine portfolio evolution
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Fig. 1 Development of small and medium-sized gas turbines for industrial applications
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rapid growth
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Fig. 3 Example of a gas turbine developed in its mature phase
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Fig. 4 Example of high efficiency gas turbine (M5A-01)
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Table 1 Example of 100MW class system configuration
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Fig. 6 Dry low NOx combustor with hydrogen combustion
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Fig. 7 Startup pattern of 100MW class gas turbine (10 minutes
startup)
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distributions of gas temperature.

Fig. 7 LES/Flamelet of turbulent spray combustion in JAXA
full annular combustor for aircraft engine: Instantaneous
distributions of fuel spray and gas temperature.
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Fig. 4 Cooling schemes for 1700C class turbines ®
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Table 1 High and Low cycle operation limit in Germany and UK

50Hz Region GermanTransmission UK Grid GODE
Conti ly Operable |Low Limit 490.8 49
Frequency High Limit 50.2 51
Operating Limit Low Limit 415 47
i i High Limit 51.5 52

Table 2 High and Low cycle operation limit in Japanese 50 Hz
Region *FRT When applying the continuous operation
requirement at the time of accident ** Other cases)

50Hz Region HOKKAIDO TOHOKU TEPCO
Gonti ly Operable | Low Limit 48.5 Hz 48.5 Hz 48.5 Hz
Frequency High Limit 50.5 Hz 50.5 Hz 50.5 Hz
Operating Limit e #47.5Hz 2sec =
Frequency Low Ll 47.5Hz 2se0 *+48.5Hz 2sec
[Primary Response ®EREMN) L+ HEDRNTI7FD-HRTL
RN REN
" - Walsum (T90MW since 2013)
B 22% | 308eC. | \\ineimshaven (790MW since 2015)
e 25% | 30sec. |- Roterdam (TOOMW since 2014)

- Kozienice (1075MW since 2017)

o | R—5>F | 25% | 30sec - Turow (SOOMW since 2019)

E 23% 30 sec. |- Plolemais (SOOMW since 2019)
Zm 210% | 10 sec.
LU= | 25% B sec.
mF2Uh 23% 10 sec.

Fig. 7 Primary Response Requirements in Europe'®
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Fig. 13 Process flow diagram of a modern CCS plant

Fig. 14 Panoramic view of a modern commercial CCS plant “
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Fig. 15 Schematic diagram of changes in steam properties of
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Fig. 17 Binary cycle geothermal power plant
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Fig. 18 Geothermal combined cycle power plant
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(c) URANS solution with optimal parameters

Fig. 5 Instantaneous Mach number distributions at 50 % span
section for transonic turbine cascade
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Fig. 7 Results of LES/Flamelet/ANN combustion simulation
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Fig. 11 Predictive maintenance applied by ROM
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