ARG X2 —E L FR5E

o ML BRECHHEINA T A — ¥ Y

LK)

Vol.42 No.6 2014.11

st » ABS —

HAZ—ECVYBSRT A NVTD

YE IR TR 1Mol iNE

Hiky B

NAKAMURA Hajime

X—T—=K TR =Cr, WRIANT—, TVFTAr7, BiF, Sk
Gas Turbine, Air Intake Filter, Anti-icing, Snow Protection, Freeze Proofing

1. 13UBIC

BRI FEBITE, REFRGHOET OREMKER
COMEHEHIRD 7280, Utk & L Cidwd oy
TH GEriEEL) e B KRIIFEEIICTH S,

HAY =¥ VORI H 2o TiE, LFOREM
MRER T AR, - EHENE) L VWA
2BV T ML MBI 2R 2 MR TE 5 X 9 MGt
AT o720

AEiTlE, FBKIBEITICBI S 77 2 b Ok
BLOHTRAY — € v OB 2 MRS 5 720125 i
L7257 4 V7 ~OFiE - JEEPi k3 ik 2 find %o

2. 772 MNOEH
21 REMOBXEEN EFEHRORA
BRI ORI, BP0 AR e s
& RIEHEAEOMN, ML AS 2V — b TORE
WX B OBEEM LA HWE LTifrbh/z,
FEEIOEZIZH72D, COHEMmIIHIC X 2 HERER
BED A & BREHE B ERIC X A3 2 2 b ORE %
Bl 57012, BAFERBERKOEALRFL, 44T
DL 3 N4 v R4 7 VISERM R L7z,
B D T 2 #%M1E, SPRLTAE 3 H S8BT #h & L
i, SPECL9ME 3 AIC 1 55R51, FRi204FE 4 A1 2 5 R5
2-1 -5k “FR224E 2 AICH 2 - 2 SHE 0 % TH I
WAEL L7z ZO%, I THEEITV, FE244E 7 A
WC15%R5 1 -1 58, SER254EL HIZH L1 -2 58, [
ETHIC2 5% 2-1 58, £ L CFR264E 5 HIZH
2-2 SHEAE MR G L2 BEFERER 1S
Yo GEAPRPFEERA, GEAMDSLNGRMTH %,

2.2 &R
eI, L300CHATASY -y BLUOHHR=E
JERPEBIAIR A 7 OMEGE2 2B EEAS -V 1 H

JEAEZA  20144E 9 H17H
* 1 RN FEEARKD IR TV —T
Ak T R X RUHT T 14

-1 =
Download service for the GTSJ member of ID , via 3.15.187.189, 2025/05/06.

Fig. 1 Full View of Joetsu Thermal Power Station
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Fig. 2 System Component of Power Plant

2.3 LNGE{#

LNG% >~ 713, FETE MO R A 250 g Tl ik
Al e ERXPC (FLAMLAR - ay 27 —1)
B S A A — AL ST N B AT AR P 5 B Al (DLF,



496

LFHAXARER ARE—ECRRTIVEZOE - REFEMEKICOVWT BAAZ2—E>

o Ak
F=ao

PCH v 7 &) 24 TRWOTHRA L2, 1%D
7o) ofEL, KIREIESH = v 7 VSR (9 %Ni
1) OBEFAERBUC X B IR OHIBEE X O o
HEISN P HPCY v 7 Tldkil bRk E R 518 HmiE
L7ze 7 v 75 MBlZ 3 1TRT,

Fig. 3 View of LNG Tanks
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Fig. 4 Bird's-eye View of Gas Turbine
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Fig. 6 View of Main Building

E5, Ah—, WRTANVFIES - k54 L
A AT, WA 7 4 VE RIS H A ¥ — ¥ 224,
JEMEBEH: 2 B DR 5 A w7z EEE (LU, 7
VFTAYVTEBEVD) BEREL,

DRI, BIEIN—BLOT v FT74 v THEED
BEIZHZDZEEBLIZHFICOWTRMNT 5,

2
X

3.2 BEAWN-FRORELFINEE
3.2.1 BASEAN-DODEM

BiE A N — DR Z MRS 720, BiFAaN—%Ik
R E L2l B 0 5, TR OMANEN 290 L 72,



Vol.42 No.6 201411 LEHMAARER HRE—E R TAIVZOBFSE - REEFFLEIKRICDONT 497

% BT, BRI A OWGAREN T A F — Vg
Mo b &, BAFMEOSM (R#E 2 m/sPLF %
RS E L72) CHEML 7. AREWIHICB 5 ERT-
DFASFNTRERZ K T IR
BAMERSAICBWTH, 1ZIETRTOFRT- DA
TANVTHIEREL TWAD, ZIUIHT A Y —E UV 2BR
JEMEBRDSRBE 22 R 2 WAt 2 & T, BAS SWA T 1
NP RNPRET D20 TH D, LoT, WA
T4 NEDHEZ CICRBZEAN—DBRLETH b,

W57 4 V2 T

Fig. 7 Pass Line of Snow Particle
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Fig. 8 Shape of Anti-snow Cover
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Fig. 9 Pass Line of Snow Particle in case of Square Shape
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Fig.10 Pass Line of Snow Particle in case of TypeA and TypeB
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Fig.ll Snow Particle Entry Rate in Air Intake Room
and Arrival Rate at Filter
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Fig.13 Component of Test equipment
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Fig.14 Result of Model Test
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Fig.15 Shape of Anti-snow Cover at Each Case
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Fig.16 Snow Particle Entry Rate in Air Intake Room
and Arrival Rate at Filter
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Fig. 1 Location of thermal power plants of Tohoku Electric Power Co. Inc. and spec of gas turbine facilities (H26 August)
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Fig.13 Anti-icing device
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Fig.15 Calculated temperature distribution before
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Fig.16 Result of confirmation test of anti-icing device

Table 1 Data before-after anti-icing device start
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Table 2 Data before-after anti-icing device start
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Table 1  Specification of H-25/H-15 gas turbine
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Fig.13 Lube oil cooler for cold region
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Fig.14 Plant appearance for desert region
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Table 1 Nominal specifications of MGT (Kerosene type)

Model No. Model 330 (Capstone Co.Ltd.)
Engine Speed 96000 rpm

Maximum Output 29 (£1) kW

Generating Efficiency 26 (£2)%

Fuel Consumption 11.5L/h

Size (L/W/H) 1924x762x1518 mm

Weight 405 kg
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Fig. 2 System configuration of MGT and other equipments
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Fig. 3 Performance of MGT under each ambient temperature
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Fig. 4 Annual amount of each biomass source listed in
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Fig. 5 View of Kitami-city sewage treatment center
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Fig. 6 CGS configuration with MGT (biogas fueled) for
experiments
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(b) Frozen condition (see ice lump layer inside the pipe)

Fig. 7 Freezing problem
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Fig. 8 Each view of MGT and EHE

Table 2 Specifications of CGS (for each MGT and EHE)

Cogeneration system

MGT

Rated input fuel heat 126.9 kW
Rated output power 28+1 kW
Rated speed 96,000 rpm
Rated electrical efficiency 0.22 +0.01
Rated air mass flow 0.31kg/s
Pressure ratio 34
Turbine & compressor efficiency 0.76
Recuperator efficiency 0.74
Turbine exit temperature 866 K
Exhaust temperature 548 K
EHE

Exhaust heat exchanger 1-Shell and 2-tube exchanger
Effectiveness of exhaust heat exchanger 0.85
Coolant fluid flow rate 0.076 m3/min
Coolant input-output temperature 80-90 C
Heat recovery 54 kW

Biogas for boiler

Biogas for the CGS
A H
Hydrate Heat and electric
storage demand

Heat
.. recovery h
Gas |,[. % OD
tank

Mnnnlgement Digester
ilding tanks
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Fig. 9 System configuration in the sewage treatment center
(Hydrate storage sysetm has not actually been installed yet.)
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Fig.10 Temperature range of each region
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Figll Schematic views of digester tanks

Table 3 Standard specifications of digester tank model

Population covered [people] 100000
Minimum Maximum  Average

Wastewater amount [m?/day] 38947 75138 51224
Sludge amount [m?/day] 185 316 246
Biogas production [m’/day] 3414 4954 4257
Sludge inlet temperature

Kitami [TC] 9.3 18.6 14.2
Tokyo [TC] 171 27.6 21.7
Naha [C] 232 29.8 26.8
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Fig.12 Annual energy balance for each temperature area
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3.3 Ice Crystal
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bhTwb,
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RS HIC X AR E IR TS, 22T,
WedgeD IEIETH % 8, AJEMZ F 5 >~ (EMER M
E) EFAHIET, Theh & AKHERE BnEREH
bRz A IEIZAT VY, BUERE & RO B OH BB 1R % FiE
BT HRADRENTVS (H15).

(a) KAl

<

(b) K%

Fig. 15 Ice crystal test”

¥ 72, NASATiZGlenn Research Laboratory® )i %
s L7250 Dlce CrystalifEiikiiz /L T\ 5, Ice
Crystal® A i, 14341020000 A 7 L —230:7210
KOIN—=D DI 2 W% L, S o M3 5 mHzes
(AL T-51C £ TREMRE) TH S Tlce Crystalil
T2 (X16) CORMTREINVATF—NDIY Y VT
KERDWRETH Y, EBIZT VY U NEFTDIce Crystal
WX BE KBS PHB I N L ME ST TwWD, 5%,
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Fig. 16 Ice crystal generation equipment™
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Auxiliary Power Unit, In-flight Start Program, Lubrication Oil
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H#EfT (Extended-range Twin-engine Operations , BL
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KD BN HE & EEER MURERESE COIET IO
TR T %,
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WO AN TEBY, Mk F 72 ERITHOMERICE
NEFEMEREMRBTIHTAI -V Th b,
1 IZBoeing 767%1K% I U'Boeing 787HI¥ i > ¥
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MBS T T O MEE TLRE L2 /FEIE s RO 5 b,

() 787THIRECIIMbOM B E Ry, AL 2T
MPODIEMZEFITT VT VT2 VORiIKROREH S h
%o F 7z, T8TRIBRIZH IR S N % Hamilton Sundstrand
HBLAPS500013 MK IC B DA E MRS B X 9 A S
NTHBY, EMEREMETLIEIETE RV,

Rty 20144E 9 H11H
*1 JALZ=>T=7V Y7/
IV Y U vy — R v — 7
T282-8610 HCH i HEREZEIENJALT > ¥
AVFF ALY T —

(b)APS 5000 for Boeing 787 fleet
Fig. 1 Auxiliary Power Unit model
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Boeing 777RA% TIIRATH, BRKICE I 2G5 7
DO EIREL LT, FEBE ERER  120kVA, £
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T EDURETH S5, B ORI A B ZE R A
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BEMEIET. “12040ETOPS” & 59 Hify, FHuiick
SE R ST 7ML ZERR IR LTI ) O BT RERATH A 5
12057 DN DIV — S HTRITITRETH 5 2 L 2 R T %,
BRI REREE ERITHIC 1 oz ¥ U pEIk
ThHE, BOYD1IEDOT Y YV TRED O FETRE TR
T EFTRITL, BRAEELZTNIR SRV, BB,
IV VORBENENPEREE 2505 M=y Y diA
ANOBNEAEO U2 H) 2 25, FERICEWEENE
WER I N5,

(i) FAR Part25"Cli3, ETOPSIZEb AT v >~
DERFTEM & L TAdequate Reliability & B & hvTw
%o

ARIRTIIMZEE: H—F 27— No5003% [AFEHEIZ &
5 PR D E AT AR R A e | e O [AUTERRIC &
% S BB AE AT AR B TRATHE S OV Al ARl oD e A Sk it
MR XD, RATHE, BefifiRd], AR 55
MREMEPHREONTYS, —F 2T —LiImERE
PR 22 B 2 At & 1) AL 224 o FE i 6 5 |2 8 5 2 e
1 72 JE R TE R [ RR O ML 22 AR A L 9 % — M 85 &
S 572012, WizEsstl, A= —FIIH L THRTE
nNs5L0TH5,

201047120 TAUEERRIC & % R B S AT AR 2 TRAT
B I OHE A A4l 0 g8 AR 2R HE MR | ASET 2, ETOPS
BB EMAEHO—-2E LT, M=y Y rozm
REIRAE 70 7 T ADORENMESAICEBEN TN
720 ZALIZFAA Advisory Circular 120-42B (*) Zi#E

WL72bDTH %, 20144FEBAE, HATIZ20745F TD
ETOPSA L2212 & W KL S T % 2%, ETOPSH
HEEECH D 59, ETOPS#% #M 3 iz &thid it
P—F 25—, MY v ERREIRE T O
7o hEEML, 12 7 ABEIFEE O 28 i 8k D) % A3
BULLETH LI LE2RTULENDHL, W, KTTTT
LTI T COMGE) & O 2 AT 57200
LOT, —F25—F, HHMESHIIIFEORTE IR
LHWVEIHIEE LoD, STy Y Y ETIVDERIE
e 2 B VT VT T BLERSH LD, VA
T AERER D 7 ) — MREEBRICTH 7)) v S %
AN REE STV D,

* 1 FAA Advisory Circular 120-42B"°—&R k¥
301.m. (1) If the airplane type certificate requires

an APU but does not normally require the APU to
operate during the ETOPS portion of the flight, the
certificate holder must develop an in-flight start and
run reliability program to ensure that the APU will
continue to provide the performance and reliability
established by the manufacturer. Specifically, the
program is intended to verify the start and run
capability. It is not required to actually load the
APU in flight with the generator and/or pneumatics.
This monitoring program must include periodic
sampling of each airplane's APU in-flight starting
capabilities. Specifically, the certificate holder must
ensure that each airplane's APU periodically is
sampled rather than repeatedly sampling the same
APUs. The certificate holder may adjust sampling
intervals according to system performance and fleet
maturity. The certificate holder and its CHDO should
periodically review the certificate holder's APU in-
flight start program data to ensure that the in-flight
start reliability is maintained. Should the rolling
12-month APU in-flight start rate drop below 95
percent, the certificate holder should initiate an

investigation into any common cause effects or

systemic errors in procedures.

4, EKERELI DS THBRANDEE

WLZERDSRAIT 2 BB T, AVAUAYH —50TIc b
720, HEMORENES L, Mty Yy oz
FENOEEENIREIN S,

TO7THI B2 HR X N % Honeywellth: #GTCP331-200D
SR A & — ¥ Ui, ZEETEIRE L AMU-2
TR IR I N2~ Y Y TPE331-5 & HN O & TH
bo W, BMAGEHZIE L7mEL Y i LT
&, B G ORWR R HIE GEEERIBRS) Ot
ASEL IR X N7z Type Certificate Data Sheet2SF4T & v
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%, TPE331-5MType Certificate Data Sheet® (42 %
W) kL, =Yy RAET 250 O &
—40CLLLTHBIENROLNT VD, I, #Hb
YT VIHH E N B OB O —2 TH HMIL-
PRF-23699°1\Z# 4 L 72 2 [ 3 2954, —40C
~204COREFH TOMH LARIEL TV Rwniz®d
Thbo MOTY YV EFNVIZBWTH RO FIEA
Type Certificate Data SheetF 7213 X —H — 25473 5
AMOFFIEHBE T 5,

T/, RUICHYT Y A SN EEmo/RSE

77 >~ FTdhHMJO2 (Mobil Jet Oil 2) OFFEZEIRT

ZRZENE, —40C TORMEMOBHILIZ40C De
D005 12D 2B 2 eh 6, H RICHRTREE 2 5
125 1 BE TR PRI IR IR & 2 %o

iy —50C CIREIHIEIRHIZH 252 &5,
BT > Y &, EEM OB THREE S b i HEH %
R 7BEE BRSO NL b DTHLUEDND S,

Table 1 Typical properties of MJO2'¢

B)SSEE cStmm2/s) @ 40°C(102°F) 2756

@ 100°C(212°F) ) 5.1

@AOCCIEE) 11,000

EEE % @ -40°C(72 HMik) 0.15
FBA, °C(°F), ASTM D 97 -59 (-74)

_Blksi’", C(°F). ASTM D 92 ~2104512).

MRS, COF) - 285(545)-
EMELEBE C(F) 404 (760)
£8if, mgKOH/g 0.03
EE@15°C, kg/L(g/em3), ASTM D 4052 1.0035
HREME, % 6.5hr @ 204°C, 29.5" Hg 30
6.5 hr @ 232°C, 29.5" Hg 108
6.5 hr @ 232°C, 5.5" Hg (M 40,000 724-HELEH) 337
BISE, mL y-yyal (24°C) 8
¥=hA Il (93.5°C) 10
=42 111 75 °C (200 F REik) g

5. #BhIT > DiEE

AETEERET ZIEGRE T = > ¥ v 2 [
T BB SN BB OV TR T 5.

5.1 De-oil Solenoid Valve

IRIREZC BT 2 B MO BRI O 2D W CTIEAET
JHTHBRR7ZEY) TH 5.

T67THIRER B = > ¥~ T& 5 Honeywellf: #GTCP331-
2000 (Wb 3z o K W o wmH 2§ 5 7201
Wl 258 & & 5 Gear Type®Oil Pump (X 3(a)) %
I NTEBY, GearboxZ L CHBT 5, T 72,
GTCP331-20012 1ZDe-oil Solenoid ValveSHU Y fHiF & i

TEY, ASIEE 72 R E S — E LT D&
TEE) L, Oil PumplZlGearboxNER D &R % A S5,

ZHUZE YOIl Pumpll2 b Bm 2/ s L, Wk,

KRBT P COMBP = > ¥ Y DIEE 2 H I L TV 575,
FREMOEN. HIC X 22 ~OERBE L EF SN LY
a5

—75, TT7TEI#ER737NG (Next Generation®Mhg) HiIkg
DOffiBhT > Y ¥ Ti&, Trochoid Type®Oil Pump (4
3(b) AWM ENTEBY, De-oil Solenoid Valveld 24
SNTVRV,

Trochoid Pumpld, — % 19 12Gear PumplZ X T
HHBFEZELTE WD, HEEDTrochoid Pump
Rotor % —#ill_ LICHL Y 1) 5 2 & T2 L Lo
AL L Cw b, Trochoid Pump® ¥ &, Gear Pump
&Ll Ui o e A K O 25 5e 1 AT b B 7z
®, De-oil Solenoid ValveZ L% L LaWnwE SNTED,
Fefgix g 5 Tw5b, Trochoid PumpzfiH 3 5
& 12 X ) De-oil Solenoid ValveD#§fE % W2t & ¥4, #l
By y v olEkxiinftc& %, M, De-oil Solenoid
Valve & BAifEE IS TRE L 234, BRI/ E) AR
LLTEBETORBRITZER SN L, fideasth
e S THOWWHETH - 7228, BETIREYL V
B — (AR 2 g L CEEh R & 17 ) HCoSIEATI RE &
hoTWwh,

T 72, 8 OBoeing 787TRIMR OB = v T L IZ
(¥, Hamilton Sundstrandtt# APS5000%3%4f < LT
%o Oil PumplZidGear Pump2M A ENTH Y, De-oil
Solenoid ValveZSH D 1 5N T 5,

5.2 Gearbox Pressurization System

i E 2 RATH, GearboxWDE I AWVRIEIC T CTIK
T A EEEMICAIESAEL, ¥y T —Ya v a i
5, MBI Y v o s 1S A R REME YD B
7o, TOTHIRE D YA, BRE) LA B o A 22 Ak i
L CTGearboxMN & ML % D3 > T 5,

TTTEIBR RCT3TNGHI B D ffi B — > ¥ >~ TlX, Gearbox
Pressurization System!d fif > - T W %2 W\, Z 113,
Trochoid PumplZlt-X, Gear Pump® A F v ¥ 7 —
Va OB IR T wcw LI TV,

NOTE 1: Maximum Permissible Temperatures - OE(OL‘) (Continued)

Ambient Air Temperature. OF(GC‘)

Starting Operation
Minimum =40 (-40)*™ -
Maximum 130 (55) 130 (35)

“*Starting in ambient air remperatures below -40°F(-40°C) is acceptable provided the engine oil and electrical components’

steady state temperatures are not less than -40 °F(-40°C)

Fig. 2 Extract of TPE 331-5 Type Certificate Data Sheet
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(b) Trochoid type oil pump for GTCP331-500

Fig. 3 Oil pump type

5.3 Oil Heater

TTTRIREE A ), AR ERBE I B v TR IR 2 —
EMELFAHERFT 5 720012/l — > ¥ ~12120il Heater
(B4) %M STz, Yi%Heaterld, Mifhz v
VRN TIY D EIF A 720 ORiEhiRRE L LTt
DFEFHIAAF N TR, Wiz v ¥ OR% % #
5T, TEBIMERE % ME L 7258, Oil Heater A2 1
TH —ERHHNO T VY VIRBAEETDH 5 2 & AR
ENz/zD, WO ENEZ L Lo,

RO EN~ = 2 7 V2L, b L CERhs— 2R
JEULT O%4, My Yy E2RDLLIIDENTVS,
Wy Y v 720121, BlOHeater® i3
LUENH LT, BEEECHMEETLI L L5,
R1Z0Il Heater2S%fif S Aufitlf Tz &35 &, €O X
I HREEMEE ORI & WS 5 2 L AT E, HKRINAS
B = > Y v ol E O 2R T & 2 B
bbb,

5.4 FHBNI> T UHIEHEEY 7 b7 7OHR
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FELEWEWIREAEHE SN, A= — DN
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ITRPNPIRRAOKAS, FA0RBMIC I V%S 2 210X

Heater
Probe

Fig. 4 Oil Heater
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6. Bhi)Ic

HARFL 22 CTHA T 5 737NG, 767, 777 K OT87TRIBE D,
R BB EIBSBR A 5 2 B KIC DT, ETOPSO R
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ZehIEEIIRAE 7 0 T M K B 22 IREI IR L v )
B 5, EoMBiy Yy BIFREEE D T
505, BN OMKIRBRBE COMH IR 53, 2250t
BEIC XA EILOBRKNE 2 RIS LT, A—5—
NHY A L) —RREIFEE SN ZWEE L A2 o N5,
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B ThD720, ZROWMEIFEL 726, KWk
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A =7 = I3 ER D R HR AN O ) & FFER kKD
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7. 5IRAX#E

(1) FAR Part25 K25.14(b).(1)

(2)  HAREMZEDEY —F 2T — No5-003

(3) FAA Advisory Circular 120-42B Chapter 3, 301.m.(1)
(4) Type Certificate Data Sheet for TPE331-5

(5)

(6)

MIL#i4% MIL-PRF-23699
Mobil Jet Oil 2 Product Data Sheet
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Fig. 1 Schematic chart of LE-7A engine

Table 1 Turbines of domestic rocket engines
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Fig. 9 Shrouded blisk turbine of TPX LH2-turbopump prototype"”
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Phase-locked PIV Measurements on Flow around Plasma Actuated 2D Wind Turbine Blade
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Leading edge separation flow control using a non-thermal dielectric-barrier-discharge plasma actuator for a NREL

S825 airfoil of 400 mm chord length ¢ was studied experimentally. Wind tunnel experiments were carried out under

chord Reynolds number of Re = Uc/v=4.1x10° and angle of attack of 32 degree, where main velocity of U = 15 m/s.

Effect of Strouhal number St = fc/U on the separation flow was investigated with phase-locked PIV measurements,

where f'means pulsed modulation frequency of the plasma actuator. When the actuator was driven under the condition

of St=0.53, the leading-edge separation flow was controlled most effectively and an increased velocity field connected

with span-wise vortices was induced by the plasma actuation. On the other hand, when the actuator was driven under

the condition of St=0.13, the increased velocity field was weakened. Moreover, when the actuator was driven with

steady mode (St=133), no plasma actuation effect was observed.

Key words : Plasma actuator, Wind tunnel experiment, Separation flow control, PIV measurement, Strouhal number
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Cross section of the blade

(a) Contour map of phase-locked velocity magnitude

Cross section of the blade

(b) Vector map of instant velocity (zoom up)

Fig. 9 Velocity field for plasma ON(St = 053, AT = 3ms = 0.06T)
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Fig. 10 Contour map of phase-locked velocity magnitude
for plasma ON (St =053, AT =7ms =014 T)
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Fig. 11 Contour map of phase-locked velocity magnitude
for plasma ON (St = 053, AT =11 ms = 022 T)
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Fig. 12 Contour map of phase-locked velocity magnitude
for plasma ON (St =053, AT =15ms =03 T)
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