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(Under construction) '\ Thermal Power Station

Thermal Power Station (GTCC unit) Output
Hachinohe No.5 416MW

Sendai No4 468MW
Shin-Sendai No.3 train 1,046MW
Higashi-Niigata No.3 train 1,210MW
Higashi-Niigata No.4 train 1,750MW
Niigata No.5train 109MW

Joetsu No.l 572MW

Fig. 1 Placement of thermal power station
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Fig. 2 Supply and demand structure
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Fig. 3 Variation of DSS
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Table 1 Hachinohe No.5 start up mode/stop time

Start up Stop time
mode Before After
Hot ~ 10h ~ 1%h
Warm 10 ~ 16h 19 ~ 24h
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Table 2 Higashi-Niigata No.4-1 specifications

Before After
Gas turbine 275MWx2 298.8MWx2
Steam turbine 276MW 280.3MW
Combined 826MW 877.9MW
DSS x O

Table 3 Higashi-Niigata No.4-1train startup time

Start up mode Start up time(After)
Hot -55min
Warm -75min
Cold -80min
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Table 4 Higashi-Niigata No.3train specifications

Unit Minimum output
configuration Before After
GT x3
Higashi-Niigata STx1 300MW 230MW
Thermal power
station GTx2 200MW | 140MW
. ST x1
No.3train
(No.3-1unit) GTx1
STx1 120MW

$¢Same as No.3-2unit

2.4 HAERFEREICKDHD

FARET AV F— DRI R BB T 5720,
HIREEORHWCTCCIHEEMICB VT, Ml LA
M ECBHLA TW D, GTCCL= v b TlE, AT
SHEA ARERIM (LLF, TCREFT) FTOHMDE
1LREIZ, GTAOME (UF, TITEFT) OF —i3—
Y a— MRiIED 2%, TCRILEE O AL % i3
il L TWwWb, REEHORHKLZm LS5 &
#HIE L7z, M) BRSO A DOV TR
b

241 FUWBEXAIZSRINCE T2 EAMR LESR
FE KD 3525 (GTx 15, ST 1A 1#A2
2=y bR BB EHER B ERAT S
Lk HEEWT] (TCR) F CToFERM % 5543 5
72, TCREBOMIIEALEZHHT L2514 I v 7%
T 2B (Fig. 4 217> 2458, TITA — /N —
Y2 — FRNOx, HEBiEoIRD, MRBEIRE) M E A
HNZ L EBHRTELIEDD, 20204E & 0 3 &
froTwhb,

MW
4 < Usage guide >
------ — . Before
TCR = 1 After
2 ‘ Ti ™
TCR |
ATime
rmmmnman ..........nn...; Tim
TiTZ
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Fig. 5 Damage situation in Sendai thermal power station
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Fig. 6 Sendai Thermal power station tsunami situation
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Fig. 7 Important install equipment such as electrical equipment
on the second floor and above

Fig. 8 Outdoor switchyard raised by 3m above the ground
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(Table 5) o

Table 5 Comparison table of tsunami countermeasures between
Shin-Sendai No.3train and Joetsu No.l

Power generation

equipment Shin-Sendai No.3train Joetsu No.l
(Commercial (No.3-1 : Dec,2015) (Dec2022)
operation start (No0.3-2 : July,2016) ec.
date)
Reference height GL.+0m= GL.+0m=
T.P.+33m T.P.+30m
Assumed tsunami G.L.+30m G.L.+37m
(T.P.+6.3m) (T.P.+6.7m)
Switchyard Installed above GL.+37m
GL. + 30m (T.P.+6.7m)
Recovery period 6 months 6 months
Tide protection Seawall (G.L.+3.3m) .
measures Soil dam (G.L.+ Planting around the
5m) equipment

Recovery resource
measures

Equipment layout
for water tanks and
light oil tanks to
avoid direct hits by
tsunami

Water tanks and
light oil tanks are
planted to prevent
damage from
drifting objects
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Table 1 History of Moka Power Station

Ons-site investigation (Moka 5th Industrial Park)
Basic study, starting F/S

2012/7 | Project team established

2013/3 | Environmental assessment started

2014/3 | Basic agreement reached with TOKYO GAS Co., Ltd.
2014/4 | Entered into EPC contract with Fuji Electric Co., Ltd.

2014/9 ggwle;dsupply contract concluded with TOKYO GAS

2016/5 | Environmental assessment completed (38 Months)
2016/6 | Construction work started on site

2019/10| Commercial operation start of Unit 1

2020/3 | Commercial operation start of Unit 2

2011/7
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Fig. 3 Gas turbine
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Fig. 4 Inside-scape of No.l gas turbine building
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Fig. 5 Heat recovery steam generator
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Fig. 7 Landscape of Air-Cooled Condenser (ACC)
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Fig. 1 Large frame gas turbine development
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1 (1) Enhanced air-cooled system
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Cooler ’-i"ﬂ Cooling air|

Compressor  Turbine

High-performance and high-operability enhanced air-cooled

combustor is adopted to increase turbine inlet temperature.

= Validation of the enhanced air-cooled system has been
completed.

= Gommercial operation has been implemented at T-point
(more than 11.600 hours (completed in September 2019)).

= T1T 1650°C has been validated.

(3) High pressure ratio compressor (2) Thicker TBC
Similar to the M501H, a pressure ratio .ﬁ Thicker TBC is adopted to reduce
of 25 is adopted to suppress exhaust cooling air flow and improve
gas temperature rise. =1 performange.
(Photo: H-series compressor) - Application situation of thicker TBC

Fig. 2 Development concept of 1650C class JAC gas turbine
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Fig. 4 Commissioning and temporary large-scale measurements
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Fig. 5 Measurement results of enhanced air-cooled combustor
metal temperature

Turbine tip clearance |
E
E
;
3
o
Bhl‘hlﬁglql—m/.__ ;. Blade Ring cooling e
{Large v (Mam,
200 1000 1200 1400 1600 1900 2000 2200

By swilching thres-way valve

Fig. 6 Turbine tip clearance control by enhanced air-cooled
system
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Fig. 7 Turbine row 1 vane metal temperature distribution and
inspection results after operation
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Fig. 9 High pressure ratio compressor stability during start up
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Fig. 10 Overview of JAC gas turbine inspection results in
March 2021
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Fig. 11 Technologies for carbon neutral society
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Fig. 14 Benefits of hydrogen gas turbines
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Fig. 12 Low temperature operating sour shift catalyst facility
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Fig. 1 Comparison of CO2 capture technologies applied to
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Fig. 9 Trend of CO2 capture quantity and CO2 capture rate
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combined cycle plant
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Fig. 13 Small pilot and test system at Saga waste incineration
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Table 1 Outline of major components

Plant Type ‘ Combined Co-generation

Major components

Type : L30A-01D

Fuel : City Gas (13A)

Power Output (generator terminal)
:32.3MW (@15C) /unit

Number : 3 units

Gas Turbine
(GT)

Type : Vertical Multi-pressure Natural
Circulation Steam Generator
Heat Recovery |Steam Output /unit :
Steam Generator | HP : 9.3MPa x 478°C x 34t/h
(HRSG) LP : 0.6MPax200C x 12t/h
Number : 3 units
Feed Water Temperature : 20C

Type : Back Pressure Extraction
Reduction Geared type
Power Output (generator terminal)
:105MW  (rated)
Number : 1 unit

Steam Turbine
(ST)
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Fig. 3 System flow diagram
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Table 2 Outline of major components

Plant Type ‘ Combined Co-generation

Major components

Type : M7A-03D

Gas Turbine |Power Output (generator terminal)
(GT) 2 757TMW (@15C) /unit

Number : 1 unit

Type : Horizontal Natural Circulation
Steam generator (with Duct burner)
Heat Recovery |Steam Output (by Duct burner) :
Steam Generator| Superheated : 2.19MPax453C x15t/h
(HRSG) Saturated : 244MPa x 225C x19.7t/h
Number : 1 unit
Feed Water Temperature : 35C

Type : Condensing impulse type with
reduction gearbox
Steam Turbine |Power Output (generator terminal)
(ST) 1 355MW
Inlet Steam : 2.19MPa x453C X 15t/h
Number : 1 unit

Plant Output (Planned value)
Power Output |Total : 11.12MW (@15C)
Steam Output |Saturated:0.8MPa x 175C x0 ~ 38.0t/h

with ST Operation : 66.7%
without ST Operation : 92.8%

Total plant efficiency

Fig. 8 Plant layout
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Table 3 Examples of operetion pattern

Power Output Steam Output
Operation pattern (GT+ST) (Saturated :
0.8MPa)
(OGT+ST+Duct Burner 11.12 MW 19.7 t/h
@GT+ST 1057 MW 0 t/h
(3GT+Duct Burner 757 MW 38.0 t/h
@GT 757 MW 156 t/h
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PIV Measurement of the Flow Field Near Trailing Edge of the Low-pressure Turbine for Aeroengine:
Investigation of Relationship Between Blade Boundary Layer and Flow Field Near Trailing Edge
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ABSTRACT
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TANIGUCHI Hideo

This study deals with PIV measurements of the flow around the trailing edge of low-pressure turbine for

aeroengine. Since this area, called base region, is greatly involved in the aerodynamic loss evaluation, detailed

measurement of the base region is strongly desired. Thus, our research group has been conducting several studies

focusing on the base region of a low-pressure turbine (LPT) blade. In the previous researches, we measured base

pressure, however the flow field near the trailing edge of the blade wasn’t investigated in detail. In this study, using

a large-scale cascade, we investigate the relationship between the flow behaviors near the trailing edge and boundary

layer around the blade under the unsteady flow condition with the wake inflow generated by the wake generator, along

with the steady condition measurements without wake inflow.

F—U—-F I REY-E Y, WFEREAEHIE BRER N, R, R
Key words : Low Pressure Turbine, Particle Image Velocimetry, Boundary Layer Flow, Trailing Edge Flow, Wake
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Table 1 Main symbols

T : Wakesis# i # [s]

Tu : FHAELIE [%]

vixt) HEXRZ MV [m/s]
Vit A, 534 [m/s]

C :#Wa—FE [m]
Cx:#ia—FE [m]
Cpp : N—=AEIRE [

k ¢ 2 WOCHLIES) T AL F
[m?/s?]

Pitch : ®EF ¥ v 5

Re: LA 7 IVZA¥ [-]

St A ba—r v [

x x JEEE (h, AT
vy yEEEE (€ 5, TE )
PS, SS : IEFE, A

LS [s] TE : Rk
2. RBRFE
2.1 KEBRKE

Fig. LCHEBEEZ /R T, KUK TIE, MY LEA
FHRT & — ¥ VB OYLKT TV % F v 72 RS % i
LTwb, B a— FEIZ0.308m, #ifi2— F&Ki30.270m,
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DOHEEZ 2 REAE L7z AR — 7 MO BT I A28 % 7%
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Wake & IF50) & AHXT I L T %,

LA VAHReE, 2 — FE, B 1YYy F50l
ESGE (R CTIEHEEORE S2mELHT) B
X OB CTESR L TV b, Wakeii i 5 3% B o ik
T THHA M= NVESHIKR TEFHRENS,

c
A
ST, VREEV ALYy F Y, LiRilh
JE Tuld Re=100k 51 T1.0%, ZDIE DL 4 7 )V A
TIE05% & 72 > T B, RWFZETIES=0.00% % H# 5=,
St=0.36 (f=38 [Hz]) &thxIEeHEMLEML TS,

St (1)

Wake generator

Fig. 1 Test section

2.2 EHBIHRER

2 WICPIVEHI O BE O KL W02 (A L 72w i B
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TR DR T DI KB R A 6 pixel LT &% b X9
RAEL TS, ZHUIERE O T #E)& 5 ~ 10pixel”
DOHEAEIZHIL L TV D, FHUKEEI206sTH %,

Table 2 Experimental conditions and sampling frequencies

Steady Re=100k Re=130k Re=170k
Wide 4,500[Hz] 6,000[Hz] 7,500[Hz]
Detailed 22,000[Hz]

Unsteady Re=100k Re=130k Re=170k
Wide 6,500[Hz] 7,500[Hz]
Detailed 22,000[Hz]

2.4 EHBIEDEE

2.41 PIVOERZER Fig 2lIAKFHIIC BT 5PIVO K
BERART o JRIEHI TR G OB /7 1) & PIV O JEAE
=T 5 EITL T Do FRIEHICIEZFHI T
IZBWT, REERGAPIVEERO ylli e —3K$ 5
XHITL T3,

¥ [[]: Measurement area

i

[s]

X

Y&W}' (wall-normal direction)

X x (flow direction)

Axial chord length [L‘xlv

For wide area measurement For detailed measurement

Fig. 2 PIV coordinate systems

2.4.2 H®EFHEE MAMHEINIA (Interrogation Area)
DIERITIEIEFH & FEMIFEHN TR 7% > TV %, Table 3
WA FIRO KR & 2R T INHEHITIE, Eho b
MR ECBALT 2 72 OMAEFEILOILIRZ E I & L,
FEMIEHII T, BMBEARE RO ZM 5 RiEE RS
7O ITRAEFIROE S i/ LR HEME LTW5,

Table 3 Interrogation area sizes

Condition IA Overlap
Wide 24 x 24 [pixel] | x-wise : 67%, y-wise : 67%
Detailed 24x16[pixel] | x-wise : 67%, y-wise : 50%
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Fig. 3 Synchronous measurement method
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Fig. 4 Time-averaged flow speed contours for three Reynolds
number conditions (St=0.00)
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Fig. 5 Instantaneous spanwise vorticity component contours
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Fig. 6 Time-averaged flow speed contours for two Reynolds
number conditions (left ; St=0.00 / right ; S=0.36)
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Fig. 7 Phase-locked averaged 2DTKE contours
(Re=100k, St=0.36)
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Fig. 9 Time-averaged flow speed contours (upper: suction side,
bottom: pressure side) (St=0.00) with an explanatory
figure for reattachment point detection
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Fig. 10 Time-averaged flow speed distributions (St=0.00)
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Fig. 11 Time-averaged velocity RMS distributions (St=0.00)
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Fig. 12 Time histories of flow speed and boundary layer
integrals at SS99%Cx (St=0.00)

Fig. 13 Fluctuating 2D velocity field over the suction side
measured by Nakahora® " (Re=170k, St=0.00)
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Fig. 14 Time histories of flow speed and boundary layer
integrals at PS97%Cx
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Fig. 15 Instantaneous normal velocity components and spanwise
vorticity component contour around PS97%Cx (St=0.00)
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A Study on Water Droplet Distribution of Primary Atomization Generated
by Water Film Disruption in Airflow
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ABSTRACT
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NAKANO Susumu

Droplets of the primary atomization generated by disruption of water film, which flows on a plate set in parallel
airflow, are observed by a high-speed camera to investigate effects of airflow velocity, a flow rate of the water, and
a thickness of the plate edge on the water droplet diameter distribution. Although the airflow velocity and the flow
rate of water affect the distribution pattern, the thickness of the plate edges has little effect on the distribution pattern.
The distribution patterns of the primary atomization were approximated by exponential functions whose exponents
were obtained by performing multiple regression analysis. Modified breakup model that is focused on a water lump

accumulated on the plate edge and its disruption frequency is proposed. Spanwise unstable wave length of the water

lump is compared with calculated and measured one, effectiveness of the modified model is shown.
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Fig. 2 Cut model of test section [units: mm]
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Fig. 3 Water film breakup patterns (Qw/b= 29.0 mm?/s, R0.30)
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F7 2 = NBIW o DBIRICAR TR G % HTIEO 12 E
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Fig. 4 Effect of airflow velocity on droplet distribution
(Qw/b=14.5x mm?*/s, R0.30)
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Fig. 5 Effect of water flow rate on droplet distribution (R0.30)
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Fig. 6 Effect of thickness of plate edge on droplet distribution
(Qw/b = 29.0 mm?/s)
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Table 1 Sauter Mean Diameter (R0.30)

Qw/b Airflow velocity [m/s]

[m?/s] 54.4 81.6 108.8 136
14.5 517 322 244 200
29.0 530 332 248 208
58.5 551 348 267 223

Table 2 Sauter Mean Diameter (R0.60)

Qw/b Airflow velocity [m/s]

[m?s] 54.4 81.6 108.8 136
145 503 324 242 204
29.0 518 340 258 215
58.5 549 359 273 228

Table 3 Sauter Mean Diameter (R0.90)

Qw/b Airflow velocity [m/s]
[m?/s] 54.4 81.6 108.8 136
14.5 509 328 249 210
29.0 515 338 255 218
58.5 548 364 277 235
600
® 14.5 mm?/s
— A 29.0 mm?/s
500 F
§ 58.5 mm?/s
S 400 |
Q
@
5
3 300
c
T
[
S 200
g D,, = 3.21 X 104U, 1038
35 m
8100 } Dip=3.19%x10%U, 1030
D,, = 2.82 X 10% U, 099
O 1 1 1 1 1 1 1 1 1 1
0 100 150

50
Airflow velocity U, (m/s)
Fig. 7 Sauter Mean Diameter (R0.30)
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Fig. 8 Exponential approximation of droplet distribution
(Qw/b=14.5 mm?/s, R0.30)

Fig. 92, “FARIGIE A AR0.30, #5/K T & 51 5°Qw/b
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BToTWwhbZelzRmLTW5S,

PLEX D, B OMEICIEATEED R DMV EZ T
L, ZOMREREEXCTRFICEMTE S, — /T,
KK & SRR A DZEACITHE D B DELDRE ek
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WIREADEBEIFTEER SNV 0D, wEAiEl:
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Fig. 9 Effect of airflow velocity on 8 (R0.30)

Table 4 Power Approximation for /3
(Application range 87 <d <1113 xm)

Water flow Correlation Correlation

factor ) . . 2

rate [mm’/s] equation coefficient R
14.5 =1. UL 0.9948

Airflow B=1.65x10" Uy,
velocity 29.0 B=9.01x10" U, "  0.9923
m/
[mis] 8.5 B=446x10°U, " 0.9923
Airflow Correlation Correlation

factor . . . 2

velocity [m/s] equation coefficient R
54.4 p=226 (Qw/b) ™™ 0.8344
Water flow 81.6 p=81.8 (Qw/b)"** 0.4064

2
rate [mm/s] 1088  B=43.0 (Qw/b)"" 0.9631
136 B=28.0(Qw/b)"'¢ 0.9229
54.4 p=192 R %3 0.5547
Plate edge 81.6  B=90.0 R " 0.6470
thickness

[mm] 108.8 p=63.9 R "% 0.9177
136 p=49.3 R " 0.6847
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B=R(6)TRT L), [WMHEEU, [m/s] O,
MK Qw/b [m2/s] @y %, FHRIHEAR [m] ®
0T, Eer DR TEMT 5,

n
BWp,Qw/b,R) = U,El (QTW) R expy (6)

RIONE, *HEHD 2 & CHIBRIS & B 720, TR
L TIEN

lnﬁ=y+(anm+nln(QT)+91nR (7)

Table SIZE B O RERT 55 N72HEHD
fili, ZOMFEERERE BEOKEE T X — 7 128§
APEY %R, I ZTPHIZ, TNEFNOEE/ S *—
DKL AN R TH B 2R L, —#
WCPEAS5 %% T2 &, 2087 2 —F ZHMWERIC
L CHREDH 5 LM TE b, $hbb, SitHE
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A — Z IR RS2 RUTT L ER SN DM,

SEHORIE AT APIEIER 6 % & K& <, ARIEBRFHPH
PIZBWTIE, PHORIE A DO ZEALIZ KA A 2 A
BB ELZ R0, 5252 LTHIEWITNEIVE
BELRBLIENEZLND,

¥ 7z, Table 5127/ L 72388 D2 & KIELE A O Fife
REE R, AR A B IR, MIZIEofl
Eho I, ZURHEED IRV KT O B4
IR L, RRAKTEE B & OSPEBORE A O BN P HLIK

KEOEETEATHEN)I T LE/RLTBY, Fig 4,

Fig. 5C/R LI & —BT 5. 72, T OHRBOMNS
BT 5 &, SUREEIZ 20 5RO MO b D
EHBL T EE, ROPERZHR LT A—FIC
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Table 5 Results of multiple regression analysis

Water flow Edge

Parameter Air velocity
rate thickness
o ¢ n 0
Multiplier
12.35 -1.46 0.086 0.051
Standard
o 0.16 0.035 0.020 0.026
deviation
P-value - 1.35E-29 2.62E-04 5.96E-02

Fig. 1012, FEERAE R O KI5 20 b E AT S 7z
Bk, (6)&Table 5 HHM L7z oM%K L
AR R T . RFEEANRE OV TIE, EBRE R LG
BAERIZIZISDENRONDD, LA I VA EEER
v = N EREASE L 2D, BRSNS (8 <100)
TITFEBAE R LGRS RPRIFIC—HLTBY, ZoH
BCCIEARIEE TR L 7238 Baic o v T —E O E DS
BohibntEzbhb,

3.7 KEODIHEL

KBRS B DO WSE MG 5, ARG T DK 2R
WA B S 7z, Fig, 1HE R X 0 40mm T i iE
xS A KR O ZLZ R LZMTH B Kkl
HEIFRWTHDZ D00 D T OEBEKHREDZE
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(8)#TEFEND,
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0 I
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B (Calculation result)

Fig. 10 Comparison of experimental and calculated result of 2

N-1

X() = ) xexp

k=0

(8)

—2mi X k)

22T, NiZREE{GEoOE£7 L —2%, o 3HEE
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SHCIEEBICIEEWM T VAL, CoOWBY ORDKE
SROMINEEZ RIFLTWEEEZOND,

3000
2 2000 |
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Fig. 11 Change in total pixel numbers of droplets
(Un=108.8 m/s, Quw/b=29 mm?/s, R0.30)
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3.8 KESHEETTIVICETIER

Gepperth™iZ, &It & o Tt & 15 ZKEE O SER i 5
LORBIG L, KE LOAREET % BT - E5%%
T, KESREFTVEREL TV 5, Fig 12040
BEIIAFERIC L 25K Loihz R L7zb DT
BHDo KIBEIZIZIVE Vo AL AKRIV Y AR ENE (KH
ANEENE) \ERT 2ARERPFERL Twb, Hid
GepperthlZ & o TR S N72KBEG 2T TV O TH
5o
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X o TR U B2 AR EE O BRI TREN

5o
du, p
fwav = (d_.9> (_-9) (9)
Y ) max ‘Pl
film
flow ligament
?\_‘ —n ri:tm;uliun Rayleigh

breakup

Fig. 12 K-H instability and Gepperth model."”
(Un=81.6m/s, Qw/b=29.0 mm?/s)

FF RO RAREEAE L, A & KB Ofg
Thbo I TRERKBEEARIE, KEIFIELEZVE
D57 MW O ST # A BV B KR SR Y
T AHNE TORERRZ IV, Ao/ 785 5,
T 72, KBEE SR EOKBIERT 5080 A
(2 & B 50 2 BBy AR S B L 72,

Gepperthld fuw & K RFEH W S FW W 2 & AE L,
—JBEISAREL T B KRB FHOm I BT, EED,,D iR
WRICR D EET ML, TOMEORESE, BAILK

fElEZbE L, HMARMD7Z) OfKEEZQ.ET5 &,

EaV( (Ul e N 28 - 4 7 21| b N VAS BZR
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1
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ZD L TREINDKESOKEED, ZEIZEY Lo
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Fig. 13ICAMMIE & a DR EZ IR T FRAKREQ
b =585 mm¥/sD 5 Tlda =1&% Y, BEETV
OHEHHECThHLLEEZOND, L2L, Qv/b =
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Fig. 13 Ratio of wave frequency and discharged water
frequency, a (R0.30)
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Table 6 Values of fwav , fsp , and «

Qw/b

) U, [m/s] 54.4 68.0 81.6 95.2 108.8 122.4 136.0
[mm?/s]

fwav  [Hz] 75 169 238 322 441 625 869
14.5 fsp [Hz] 50 80 100 130 150 180 210
fwav/fsp=a 1.5 2.1 24 25 29 35 41
fwav [Hz] 81 120 166 237 288 398 480
29.0 fsp [Hz] 50 80 100 130 160 180 210
fwav/fsp=a 1.6 15 1.7 18 18 22 23
fwav  [Hz] 58 84 121 159 192 238 277
58.5 fsp [Hz] 60 80 100 130 160 180 210
fwav/fsp=a 1.0 1.1 12 12 12 13 13

Fig. 14\ZHE2SFHI L7z A ek, 9B L W0 5
L7z Lim R T o WEFHIICE B 4413200 O FHA
WROFIHET, T —N— I REEREZ R T
7z, Table 61213 A ;D H I H W 72 K BEA % %8 3 D
Wk f oy DEFEAE L, FHIALE % 08 3 2 Kl =21l
M5 KD 72K LM £, % 7R 9. Table 6128 W,
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