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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—
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Producer) F8®EAT & LML % T 5 Z & 25k 72,
MALFERIFE OB A P RLICRE T
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(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)
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A L EED S H 4 DHeat Rate 2HH LT
Ay MEEEIT)

- HEPARZEOGTIZ 2 ¥ 7L v H =125 A F 5
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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
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B2 v MEERT
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DEEN IR ET L ETET S
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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
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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
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GTY: Adapting Shinwa's HEPA filter
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Fig. 5 Trend of heat rate value
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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
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e
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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
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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
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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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1. Plenary Lectures
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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
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W R TE 5 2 L, KRN T oM IZRI R
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Plenary Lecture 2: Prof. Timothy C. Lieuwen (Georgia

Institute of Technology) “Key Combustion Challenges
for Future Gas Turbines”
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BEELPPHEELLLI L IZOWTIHAND - 72,

F 70, AR ZMBEREIIC oW TiE, IREO
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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 216.73.216.87, 2025/06/07.



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”
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2. Panel Discussions
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Panel Discussion 1: “Future of Aircraft Propulsion

Technology: a Manufacturers' Perspective”
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®* 1 THBIZRATZERHIERAE  ATZER R

HZ LB FE z, BINNIH S BHEEE OB LT IEN
WwWiz2E, ENOEOMILE GO iEmitir)o e L
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NASA®Heidmannlt X U, NASA's Perspectives on
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W ENTze T, EWN 3HOFEERMI R S,
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Panel Discussion 2: “Turbine Technology Development

in a Low Carbon Society and a Hydrogen Society”
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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
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Y—K77 LT VI AMENHEI S, &HO
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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)”
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WA E GtaFJR7uy 27 b3 —T v —) OWE
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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,
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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
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NI E DO FIREEZ I L35 b Do RN — X1
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—ED ML ==V TR LIZT IV TY LR, WHHRICK
53 BRI DR 2R § ] RePEAVRIE S 7z,

RAEDEIFTIE, FEDOAIY 7 F2FHALT, Ny
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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
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Aerodynamic and Design of Axial Compressorsid 3
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