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Fig. 1 Heat transfer surface of Haramura and Ishikawa (2018)
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Fig.2 Heater block and assumed heat transfer
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(a) 3-D view of the most unstable non-uniform mode (b) Bessel functions for n=0, 1 and 2

Fig. 3 The most unstable non-uniform mode
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Fig. 4 Stable limit of the most unstable non-uniform modes for solid cylinders and cuboids



JSME TED Newsletter, No.94, 2021

4-2 BEARTOYIDREHN—RR
EAZJER DG A, RN D x 51, y RO OB E ky ky & LT, (@), (6), (DO
n

HL iz, JQ(IZ) (I4)TE— FDBRES.
(y+im)? = k2+k2+ﬂ+z£ (12)
a a
X"+k2X =0 (13)
Y’ + sz =0 (14)

EHERT 0w 71285 b ARLEERAE—F— L, MaEFEOEWTOUOE S L %)
BEL, b9 1 DOFMIC—HRRE—FTHD. ZDOL&E k &k, ODELLNNRA/L, 17730
THY, ZOF— KPLZETHDHEM1E, X10a) &

Buso=a| re-(£) =0 15)
N TISS

4-3 EmMAXIAOYIIZHNTEHVIalL—ay
4-3-1 32— a3VvDAEEEHE

AIEI DT — RORLZEMEEZBEFE CHRIELZEREZ U FIORT. 22T, 7ay Z7NEo
MOBEZPID 2 b —FT7 4 — RNy 7 SETC—FRE— RELZEL SR T, #EiLo
HABE « IEICOWTHRTWD. &1L, —UAL =20 mm, EX H=10 mm OENAIET o
v 7 (A =400 W/(mK), @ = 100 mm%*/s L E) THD. dif 7 A—21F, 74— K w780
PENEE?S 3 mm (2 =-3mm, x = 4mm,y = 4mm O : X7 LXK TREN—ERLHT)
T, 74 & 220 kW/Am’K), FESIEHA 6 s, TUIERIZ 0.3 s & L7z, Z Ol TRk E 5 BRR
%z = —HOERICHRITINZ 72, 728, BESMOME (X7,8) TIX, 74— Ky 7 80k
FES HAEE & RIFIZHE /2 5> TV D 28, ZhuX, BEOHIENIZE A EHNTE LT, FARIZ G
N L - T, LR TERRENE > TWARNDOIBESH ThHHT-DTHSH.

J— K@% x, y JFIAIZ L/15, z FFIENC H/15 & L, WNEBEIS D 9 Bl b /MUl OHi A & fEikst
ICE W R SO SR T r v 7 REICRD LI L, BEEIEE I, EHSLEZON
RIER S OEIE 2 Nz, BRI ES AT —DIIZr T 7 » =3y k%, $7- 3 kool
REA N RANITHE L 715 & LT ADLYE (Press fitl, 1992) (7272 LB B0 7o W EBE 450 fR) ZE8
L7-.

K(DHD/NT A—21%, T,=180 °C & LT, IOAELEH7=. BEHIFEOBIEEIX 160 °C T
b5, MIENREIE, —872 150 °C 12 1 K DIREZR WV LILE S D, LLFDA)~(D)DO#E LA HE S
.

(A) 7'\ w7 2RIZ 1xsin(x/L)x+1xsin(z/L)y (x 51, y FANZ—ADOE & L 23 E OWK)

(B) 71 v 7 &RIZ cos2(n/L)x (x HFANTIZ—LOES L3 1 EEO, vy Hmcid—4#)
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Fig. 5 Disturbances superposed on initial uniform temperature
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Fig. 7 Temperature change in the case of impulse disturbance at (x, y, 2) = (L/4, 0, 0)
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Fig. 8 Temperature change in the case of impulse disturbance at (x, y, 2) = (0, 0, 0)
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Fig. 9 Radial modes for a hollow fan-shape column divided into 4 pieces in the circumferential direction
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REST 2 PHRKY —EAIBWT, BREX - U BEKEBICHWON D EREIT, KEHS
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WL RITTHREERTHD. KEX —ErOMEREITBERMEREICRE S EHEIND T2, XM
BED R AL RR S — B DOREMREIC K& S 8B4 5.

ZZTCARRTIHE, GTCC R FI VI THIHRRL —E VBV TEHE/RaVKR—3 2 FThD
RIEZ —E N2 DN, HTORFHER & Z ORGSR ERINT 5.

Electricity demand forecast

TWh/y) M
a8 Y)

Achieve both decarbonization
and stable power supply

(Realization of a sustainable energy system)

Establish hydrogen
value chain

Natural gas + Hydrogen / ammonia gas turbine, fuel cell
m=Eattery + Hydrogen storage

Promote carbon recycling

+ Coal / gas-fired power + CO2 capture device, etc.

Higher efficiency in - Construction of energy
industrial energy management business system

+ Higher efficiency of GTCC

000
~~——_C02 emissions(Mt)

30 000

20 000 .

10 000 —

—Nuciear —Renewabk

* Source: IEA WE02020 SDS

Low/de-carbonization
technology field

+ Strengthening adjustment capacity in large
power generation facilities

« Actively participate in energy storage as the
amount of renewable energy increases

(No. 1 share in the USA in 2020)

Fig.l1 Gradual approach to a sustainable energy system
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SOWNTIE, B, 2021 BRSO,

Table 1  Specification of steam turbine for T-point 2

FETHRARI—E &

B TC2F-33.7
Hh 170.4MW
55 3600rpm
L4 HP+IP+LP
HRAMR BIAHR
FERIFEH 14.98MPa x 600°C
BRASEN 3.46MPa x 600°C
BmKEFEZE 709mmHg

Fig.2 Steam Turbine for T-point 2

LP S¥RBENUHR T« J1—Y FEH(HP/IP) =it
v LP— R TR SV/CV — KA DEAI(C D—5S)
VRBIE LUHER £ DEP RS T BE. EREFALL
54 1Y DRI, AT F S R BE SEHEAS A TS —IL
B IUTSSRER
ACC 7ILAASTIL>—)IL )
RBITE C AR OO FE B :
700°CiE#A FEAR(C LD IRBIOFBZRS <
LTES700R&SF
— = l
o 7 ~ -
LP bearing = AL
SEEEEHZOB TrENT
A, BEELT " gg” FroRC
4 I LUE IS ;»;gy{brm_rtt REI1>) o ME
SHORIEH, LP H1 RS BRSO\ TIH
oA RERORRT B . SSS clutch
BESST#HRERFCE GT. STHMERI(C
% 3= & healke 5= RS
FINI==>1
@

Fig.3 Design concept of a state of the art steam turbine
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BEX = NCBITAHREX, T4 72— VOKREEHET L. KIEAXY —ErOT 47 =2
— IR O AN S 2 — 2RO LE M LS5 K5I EnTWnb. 747
~%§%i HASBCENE M N COEB) = 3L X — 2K TOREICEWRT 5. ZOFFELN
JNIEKRERZ L > TIRIEEND 720, T4 7 2a—TRHRICK D K&KBE TR RER = Z L ED
ENREL R, ZOFREX— U DR EL 72D, AR IR A = A L% K 4127~ F (Stein, et al.,
2015).

-1

> S

Fig.4 Pressure recovery and the effect on the rea stage power conversion, without diffuser (left) and with diffuser
(right), (Stein, et al., 2015)

bakoi@y, KELX—e iz fé%m$(747n—%)iﬁE&—HV@ﬁﬁﬁkmxw
TIEH EE&%&E%T%@ T RENEEEGDLTZOIITHFREE RELSTHZENEE
LV, L LR bR EORE LI Y — B Uik 2 A b k%< B L . 22 CTHAETIR
BIPER TH 0 203 R RPEREE 2 B35 2 & T, 1Eko FHRHERL ﬂbf%@%ék
FOZ -V EBEREIORIEREHEZFZHR L, ERa X MUBICHFS T oG E Lz, FAHE
KB L OIS RPER O bl & [X] 5 (2R T.

Gas Turbine

Gas Turbine

Down Exhoust Side Exhaust

Fig.5 Structural comparison between down exhaust type and side exhaust type
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7 o —WITER T DR X — B UK BRI E D OGS I IE R 2 G O EME RN TH D,
PER T « 7 2 — PN E b B — ot 2 29 5. Y OMAVENTIZ DWW TiEZ <
DOIFFREE INIET —~ LR TF CE LD TH DA (Munyoki, et al., 2017 fl) , FFIZHES OFF R
FATOFRIZ L0 KRNI N JRE L 72> TE 72, B TH U — iz a5 0S| L HERED—K
AT F1E (One-through Integral CFD, LLF, —{&fi#AT) ZBA%E L, MGEREBRAEE & ik L T+
FEHE 2 FEOfRMT THECTH D Z L B LT % (Tabata, et al., 2019) .

LSRR T DR OER S —E VBB WTY, ZO— KT FEEZHOTHERT 4 72—
P OFWNGEFAN L2, X6 128 T #R T OREARK Y — v o 2RO — K fifHT 2 50 L
7ol (ZROCHARX) AT 6 [ RTHYIREY —EVEIAONLEKGBIZELETOL
KEET L, FHEKENTORETH &2 TET ML LBl 2 £ L=, £ 7
RE S —E VIR BE D LT 4 7 2 — WD~ vy " Bia s 2 e KT 4 7 a—F DN
ERMENTIE<SBERFED Z LR WIEFE RINGE R L TWD Z b0, 37 EniE %2 38
LTWAEEFNY I ab—hENTWDLZ ERGn5.

Mach Number

Fig.6  One-through integral CFD result of low pressure turbine for T-point 2

Mach Number

high

low Last Stage Rotating Blades

Fig.7 Mach number contour around the last stage exit and diffuser in meridional plane
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Fig.8 Long term verification test facility (T-point 2)

IEFERA S — By DRELE LT, SRR L L CHRRIRE R 2 T A S LI (non)
BLOENREREK (C) %, 7r—r s BIEE LT 5 1LE h—B & e b T 5— 2Tk 5
WA R 2 A& A D CEM L7, A= "= — L2 (noa) B L WIESEIEFRE (Cy)
DRERE FRICRT
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where

: Mass flow rate

! Turbine output power
: Pressure

: Temperature

: Enthalpy

! Density

: Velocity

AVSEES Ll VI SO

subsc

34
=

pt
I total quantity
: LP turbine inlet
: LP turbine outlet (last stage exit)
: Condenser

o N = O
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FEROZRT. X9 B IO 10 ORI AR EEZ ~RL, ¥—EroffihnsRT. MoB
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(REEMTIC X DIENT TN EREMREA B BT 2 2B L TS, £ 11 ITKREEAOHD O
Ta—"E (FREICHE LTEERY ML) (ZOWT O Tl & SR o A2 R, Hofé
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BRI 20, M TPHIZESEMEZRL TNDZ ERNDND.

_15_



JSME TED Newsletter, No.94, 2021

———%

=CFD Prediction
® Mesurement result

Turbine Efficiency

Volumetric Flow

Fig.9 Validation of CFD against tests: overall performance
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Fig.10 Validation of CFD against tests: pressure recovery Fig.11 Flow pettern comparison between test
coefficient and CFD
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