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Fig. 4 LTO (Landing and Take Off) # 4 7 W9
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Fig. 15 A 3D-preinted fuel nozzle for GE's LEAP 1-A engine®
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Fig. 2 Schematic diagram of air-blown IGCC

Fig. 3 Bird’s eye view of Nakoso No.10 IGCC
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Fig. 5 Wet-Type Gas Clean-up System
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Fig. 6 Load curve during the longest contonuous operation
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Table 3 Specifications of No.10 unit & Nakoso IGCC
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Table 1 Emission standards in coal-fired power plants
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Fig. 2 Flue gas treatment process
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THY, TNENHHEI, FEBRPYTH S, 10080 ki
Tr& ATy 7TONE 1 ~NELEETWwDH, LQRIZ X
D, BSTEICER A — 8= 2 — b O/ S W FIEAEE
ENTWDHE I EWTERTE B,
4.3 EMFMEEICHIET B003> bO-70O8)UEZ
PER R filf 2 FH O 72 35 B 12E, NO2ATA 72 W 5 iz 5
B E N0 % WIE LI TR E D K & < BALT 5,
LQR3 GPCH Hl#Hx L DB IFEE 7V & W 72385 T
HBH7z0, HENROBIFEIRKE BT 255121,
gl 7 14— Fo3y 7 TS A B i 2 923
T& %\,
ZFZCEMENCE LTy bu—5% 2 DkEFL,
IR TU D B2 T 5, 2203y bu—-5%
ZNZNLQRTHEATT A &, MK IZXIIO L )12
b TNENOLQRIZGEER OEF 2T ) 7207 ~
FIA YTy THRLEENY TV E %5,

Low NO2 mode

N el Y et ue ['SCR e
Process

> Low NO2
S Integral

{ Lar-2: '
Lsi Controller for :
High NO2 |

L

Fig. 11 Configuration of SCR with dual LQRs to switch over

DS E 2R TH20DY I 2 b—Y 3 ViER%
1212779

X12T, EEAK 9 TR LAZHMOLQRIC X 254
THY, TEIFHINIRLAE22OLQREY Y 2 7
BEORETH D, TNENOEET, D, FEA
Ve TH 5o 200000 1T, Bif7 2t XDE TNV E2NO,
B VIRFED HNODS L WIREEICY) W B2 TB Y, [
Brl2a > b= M IST 52E— FIZYDEZTW5,

Single LQR Response

T 7~
i 1\ AR
40T r° \

\

NOx concentration
o

-2
0 500 1000 1500 2000 2500 3000 3500 4000
time [s]
Dual LQRs Response
c 2
e
=}
[ - : |
S 1 i H !
o 0 = .
- [ — r
° 41 c
S v
_2 L
0 500 1000 1500 2000 2500 3000 3500 4000

time [s]

Fig. 12 Simulation results of single LQR and dual LQRs

HAROLQRTIE, 2000%0 LL % o> il 56k G o> Bk M 28 1L
B TETICRHLTVWEA, 22O00LQRE Y Y %
ATHH LA RE LS EREshTwnb

DR TE Do
4.4 A2 hMO—SNDEE
LQRZ I\ 2354y, #l 2 13608 0 & 7 %2 1 BT

TS 2 720D F 7TH =N F60RICR HH, Fikoa v
b — FIEEIAFN AR 22T T BRI Lo b
ADRFT WV ZTTNT Y AEHIZL Y F T =2
KIALT B0, FREEERH T 572012, IREZEH
A THEONza Y bu—F B EBBUCERT 5, &
DOFER, F T —N"Z2EHETLLQRIZKIID L ) 125 T
X%, MI3T, Ga, * * +, GuTRRZNENIIDLIHN
TRESN IR RO 74 V7 THbH. LQR1IZ
ENOJHICEETEN/za vy e —5TH ), LQR2IEIH
NOHICHEFI s h7zary bu—5Th b,
GPCHMI3DERTHEET LI LA TE S, DLEICK
D BIER T, 7 RN A b BRI 2 A E
FEESTLIENTE DY,

flar-1 ]

SCR
Process

J Auca

Fig. 13 Schematic diagram of SCR control structure

4.5 ZEEAOERF

RETIET BN R M BLASHIE %2 SR~ L7 %
A5 50, 7 KN A2 MEAHIEC X 288 % X1512,
WD 720 OHERMIN & 265 % K14IR T,

Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.



Vol.45 No.3 2017.5

GTCCT 7> b B OBELNDEHEA 145

M14& K15T, LEoBiCrlyzmLl, FOBICERE
RTT v MRERT, MI4E 158 b2, EHREAAMN
5 RACEN F TEL SRR ETH ), M4
TIXFHN B4 £9.5%0 DI T, 15 TIXEHI B4 7212
SOWE T, PRBEYIEC X D) NOxFEA A S LT w
bo 14205, FERHIME TIX, NOxFEA A E %I
NOxHEHHBEICKE R Y=o RN TEY, F7/, AN
ZEALHRE T RIZY AT AR T B DIZ2753 Do T b 2
&, B, yAASIUE T B F ToHIEHEZE O MO
&5 fHIAE (Integrated Absolute Error) #3262T® %
CEDMERTE Do —T5, KGR, 7 KNV A A
H#TId, NOxFEAERBAMBOEY — 27 RITR SR,
F 72 A B T By DSl PO 2 DI 22 o 72 IR
fZ14550TH 5 2 &, TAEIZIBTH 5 2 L A FEFETE
%o

VL EoFEBERHN S, 7 KNy A DA XD
HIEIGE S KR IS S e 2 LA S 7z,

Combustion Mode

Transfer (9.5 min.)
Excess NH3 JJ Peak of NOx emission

injetion  \ It takes 27 min. to convergence
c = \ A/ i after load swing
o D.u.a 4
B o \ \H\ ' ‘ ’ ‘ ' p
@D o6 Overshoot 22%... Convergence to Set __|
IS \ H ¥ I Value at 47 min. ﬂ
O o4 ¢ PLTLTI
x i e~z 7
O o2 ;’W Y Integrated Absolute Error
z Y QAT ye | IAE: 262
00 5 10 15 20 25 30 35 40 45 50
) ) Time (min.)
. Load swing starts___Load swing ends
. V¥ at5min. V¥ at20 min.
8 Sos ; j ;
Sa : ‘ ‘
= ; G
© 06 Generator
Y | NHt3 output power GT exhaust NOx
£ oap Injection i oncentration
S flow rate\,% ; B
[ ; E | SR i —— e e R—
o ‘r ——— — f L

0 5 10 15 20 25 30 35 40 50

45
Time (min.)
Fig. 14 Actual plant data of conventional control

Combustion mode
. transfer (12 min.)ﬂ*ﬁlt takes 10.5 min. to convergence

5 Sos | after load swing
B o ' ; : : j ;
@D o6 : ' ,IL,Convergence to Set
g o Overshoot 11% ¥ Value at 25 min.
X o A ted Absolute |
O o2 I~ Integrated Absolute Error
z yel A X IAE: 98
© 5 10 15 20 25 30 35 40 X 45 X 50
Load swing starts  Load swing ends Time (min.)
- at8 min. ¥ 7,! at 14.5 min. Generator
) 33 \ output power
® o6 v e
> NH3 r\\ o 4
€ °4fInjection [ A
& ozl fI0vg rate —— GT exhaust NOXx
 ——— concentration
© 5 10 15 20 25 30 35 40 45 50

Time (min.)

Fig. 15 Actual plant data of advanced control

4.6 BEEHES XTLDEED

4 BETIE, BRI 7 4 — F3y ZH1#EICo T,
B IS 2 FEBLT 5 720127 K232 2 b BLAE
ZEAEL 72BN DOV CRid U 7zo S AN 2 H 72
BTy, MNOMI TORM IS I IE IS END B %
ZkEED, BT 0 2R HENERZ - D 5
&R, T ENYAMREHBEIENTSH S 2 L 2R

L7

ARKERNFBEKT 7~ P TERLFATH D, BIF2H
BN R RTOOL I, FER I D S REIRIC X 5T
MM ZEHTAIEICHOEMLTW A,

5. BhYIC

HWE A EFVICBITS, GTCCT I v b OBLAEHAT
V2B A B B T A ik A oD B 76 6 N U s B IR 4 5 X oD
BIFENDHGHLAIZ D W TR L 72

BHSE L 72 e R B ful 1, NO2ibe BE 23w & i R g
ThoTd, EliERELRL, MSEICOERLTYS
TLERTELEBIT, ENBEREEIIR S Z LA
THbHIEhRmLIz, B 71t ASEROEFFE
TY) R U L 7 A 2 085 % BEAN AR S X 7 212
DNTYH, FERANBEHLTWDE I EE/RL.

NS DOFAFIX, GTCCF T v &, HAEZAVTF—
WL BRBOKMEEZMZEL, 77 v M EmE MR
LoD, X EKLEHEZREICTE2D0LHFEIN
bo GO N AL —E MENOxILHAM O JE & i di L
T, RIFEE RO SN D, WRIR TRk OREEEE
MEDOE R ORI ZMED TN 2 EICL Y, Bho%R
EMFICEHB L T <o

S EZX W

(1) fRIREGH, NS, RHEKR SEHEE, PEES,
HEFRE, KNT T2 OFHMAER LI X 2EIRHED
wEfl, KIJETJI57, Vol 66, No. 11 (2015) pp.676-
691.

(2) RMR¥BHiR, BB, SR N, v YA 7 u5
BY AT HAORPHEAM, KEZL¥a—, Vol 68, No. 11
(2013), pp. 8-11.

(3) Wijaya, S. Shimizu, K. Nakamoto, M., A LQR Scheme
for SCR Process in Combined-Cycle Thermal Power
Plants, Proceedings of 5" International Symposium on
Advanced Control of Industrial Processes ADCONIP
2014 (2014), pp. 19-24.

(4) Nakamoto, M., Shimizu, K., Nagata, K., Kokubo,
T., Generalized Predictive Control for a NOx
Decomposition Process of a Combined Cycle Power
Plant, Proceedings of IFAC Control of Power Plants
and Power Systems (1995), pp.251-256.

(5) Hino, S., Shimizu, H., Shimizu, K., Sato, T., An
Advanced NOx Control System for a Selective
Catalytic Reduction of a Combined Cycle Power Plant,
Proceedings of POWID 2002 (2002).

(6) FJIERER, B, HrHfes, @Mk & B oS % 523
35 &M 2~ b e —FTOSMAP-DSTM/LX, ®Z L
Y2 — Vol68, No. 11 (2013) pp.29-31.

(7)  Astrém, K. J., Wittenmark, B., Computer Controlled
Systems Theory and Design (1984), pp.254-281.

(8) Bitmead, R. R., Gevers, M., Wertz, V., Adaptive Optima
Control The Thinking Man's GPC (1990), pp.21-42.

Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.



146 HARAZX 4 —E L ¥RE

Frak 3y v g RIEE & RIS

Vol.45 No.3 2017.5 %_ﬁg ‘ﬁg%'ﬁ

HAZ =¥ 7T v M BAEEICOWT

SCR System for Gas Turbine Power Plant

MIY ANISHI Hideo MASUDA Tomotsugu

X—T—=RK:FAZ=VCY, TN FFA 7N, S TNH A7)0, BiasEEE, Biay
Gas Turbine, Combined Cycle, Simple Cycle, SCR System, SCR Catalyst

1. #S

AR, BIRR A O 720 OPE A BN % THE 4
L %o THY, BRUEREOALERAE Y 7 ORIK
&% b EERRIY (NOx) OFFHMH o720, PR

BN OFEEAL RO SNTWD, W BN,

FEMBLUERMAA T TI Y MATELT, 50
BHASY—EYT T2 M LTRSS N T
WRLEATH Y, WHRITIK GEH SR Tw L,
ARTlE, BAHREOBEEMHL, TA 5 - VI
VAR 35 X OTBURS A oD 58 1 1 & et i AR SR 12D
W

2. BHrEkEE

21 BREEEBICHTBILERE
BAEOBIME2EE L, BucHNCT v E= T 2T 5%
PR AR ITCETH O, HETAPIZE EFNLANOx (NO
BLUNOy) &, BILHTH L7 =T Ll LT
s L, WELZRLERKIE)BREINS,

4NO + 4NHs3 + Oz — 4Ny + 6H20 (1)
NO + NO: + 2NH; — 2N: + 3H:0 (2)
6NO; + 8NH3 — 7N, + 12H2.0 (3)

PE# ZA i ONOxIE, @%, NO 2"FEKRTH b, L7
Ao T, NOx 2B Sz B, R()TRS
NABSRICTHELTT B Z LD % v —J7, NO L&
HIINO; 253479 2 3 A 1 iE @)L OB T %,
NOx HDONO; LRI EGUToga i, N2)o K
IZTNO; ENO 28frZ:ash, & 5612, - 72NO 25:4(1)
ORI THEENLZ LIRS, L2L, NOx o
NO; HFEF PG LIV REL L E, RO RS HED
L7225 T, BRENAHNOx 5 RIENO:, Uy F L7k
%o ZOWE, RB)OBUHEAENT LIk, X1

Ehasett 201748 4 A17H
¥ 1 ZEAVNAT—TV AT AW
BT 7 v M RRRGIR IR BN
T737-8508 LWL ENT 6-9

100 (J)__,.—-—(r
&
% o
HIC
= >
| | | |

0 02 04 06 08 10
(NO=100%) (NO= 0%)
(NO,= 0%) NO, ., (NO,=100%)

NO+NO,

Fig. 1 Correlation between NO2/NOx ratio and De-NOx efficiency
NO; G AEAL L 7236 OB %2 R d,

RS LD IR PRT T2 2 812485, V

2.2 [REEEZEORKIRER

WA 2EE O F R, &K THELT VEST
FPETANEAT AT VESTIHEAZ Y Yy FBI T ¥
E= TR - SRR, WA AR 2 KA A BRAY UG 2R
TH5bo

TYEZTIE, —BWCELT v E=T - T UEST
K REMEH SN, T Hro0ICI D 5ILs s
(REDOYEIBGRICE VT VE=T 2 BESE D),
ST, BALENT VEDTIL, RIS X ) TEDR
FEICHREN, TYEZTHEAZY v FIZtsh, ¥
7 PNIBICEA SN D, ARBEEFA 7 T BLAE R E O
WX 2, A=Y rarvN{ ¥y K44 7Vt
A2 B ORER B 2 X 3 12R T,

Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.



Vol.45 No.3 2017.5

HREZ—ELTZ2 MNEFBEEEBICDWT 147

Fig. 3 SCR system for combined cycle plant

2.3 [RAEmLLE
AN, FASHCIRAEE (B 4), IR (4
5), ITVF— PRAMBLICKII S NG, IOl D
EHBRELR T 7~ N OFSERRERCEEIC X 0 @ Y) 2 Ahbk % %
L, WRASNTBY, — M BOAs ko % #E P I1X
200 ~400°CTdH %,
BimiE DR PeE 5 EEAT A -2 L LT, U
TOLONFETFOLN S,
® YEH AW
® Y AN
® HEH ALK
® [N AT/ FINOx
® BiAsIIRRA T v =T
® SO2/SOsM L=
® P AT A N REE
® JRFLHLL
Biagffiti, PETARICEEFNEH A - 1TV LADS
PR R OV EE I ZERNS & D 3G SRR IR T 9 % 03—
BHTH L, TNOLOTRFRIIKOBEY TH b,
@ F LYY LKA )T LEDT VA E)E L i)
LIRS L, oMK T 3 %,
@ TV U AN MRS A L, oG MK T
5
® Tl /1 v NSO EMIEE A OMIL A E X

Fig. 4 Plate type catalyst

Fig. 5 Honeycomb type catalyst

DTN T3 %,
® il & O S NARBEK 5 O BERE A S IERE DAL

XTS5, @

HAY =¥ 77y MaFBEMEICB T, A
WMEOMWE L, 7V A ) &R - 1A - WETEEEEC
AW TIE Rz, AREEH VISR A
1A AN i & L L ORI 2 B RIE R 2 TH D,
RSl O BERTE LTI, BRI 23 K0 AATLE
L5,

im i 2 R R A AN, BERELE, TETPERLS, HAK
T OHEBIA R S M B

WHEES S, TR T EWA L, NOx& Kb L
RFTVIEEEE SRR BT 5 2 & T, NOx-NH;® il
bz RAET 2D TH 5. HERTOMEE LT,
&E, SRBAMAHCSNS,

KX, SRS 2 S AR TH - T, K
G LT A & OEMBE R Z R T 72DILLEAD L DN
Hwbhs, HEOMEE LTIR, $#HLILELS Iy
ZH, SWMENSLH, WHSNTYwE L DIFAL (7
VIz=oh), Ti (F4), Si (4% FomityT
ZILEDDIDTH S,

WA RN, F & U RO B REE 2 45 5 72
DOTWIH D B\ IFIEM E LTHWE 0T, ol
REICX ST, AV Y, BN I3y, W
W, &HEIHENE, P

Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.



148 HRE—ELTZ2 MEFREREICDNT

AEAHZX 2 —E ¥R

3. HRE—EmITHEER
3.1 HAZ—E HH ZD4E8 S S OB

HAY =Y VHEH ZITBWTIL, B 57
W RERRE IS, HET R ICE ENAHNOx FHONO, EIEAH
{ e BEMAH B, L7zd>T, mNO/NOx HEEMt:
(NO2/NOx>05) (27 - 72356, BRI T 24T
LN L) A7 BEAET L7290, filfiim2#ns€5
B L <IENOx HONO; HRDOEAIZHE % 2T Wi
ki 2 3 5 2 LD D B o

NOxH DONO:EEDEAIT B & 52T 70 W IBLA g &
LT, NH3&NOz& O FUSE K ONH; ENO & o Rtk
% WAL S 72 ZAETE DO RINO2/NOx  Fef i A filt 25 A BA
I, FEHLIh TS,

NOx HONO, HED05L ) K& Wif, MHilsics
WU LRSS B Al & ke il 1 % ) 45 D 2 B IBEAN 1 R
RTAS, ARIRITNC 7 B & HE RO BRI TEREIE R & K
T35 LT, SR BT E L LB fREE S
N5, 61RT L 912, NOx HONO: HHEA0912HB
W, SRS BN R RE 2 RS & SRR
ENTWh, E512, NOy/NOx HHAMR @ H D5
WZBWThH, SRR D BRI RE A H Al O Bisii 4 RE
ERETH D EPER SN TV D,

72, HAY—E VP A TIRANBKETIIZNOY
NOx w2, —WWIZT S v PHEONOx HE
%+ —N—=F2WREND L. ZITHIET 5720,
NHs/NOx &)V L% B0 8 7285 0 BUS IS 2 A3 I 12
WL %, HERMBETIEZRNO/NOx HEIZBIT 5
OB HEDSE V20, K 7I12R”F L9102, NHy/NOx
ENI R AL S A OB TINOX 8B 13420 )
AR T 5%, B TIEmNOy/NOx lRIZBIT 2
A SIS 3 B ASTR BRI 12 1) | L T\ 5 728, NHi/NOx
TVILZEALE L U Al ONOx B 2 ICKT
j—%o (1)

W, HAZ =Y P RAIZIEY A PHEIE L 2720,

Pim ot E LCid, —MICED/NE VW % i

100 [NO,/NO,=09
B RARY :

90
&
~ 80 Bt AR
B
=
2 70 HRA—E> HRE—EY

EAE € gan
60 ' '

200 250 300 350 400
HARE(C)
Fig. 6 Catalyst performance for high NO2/NOx ratio

NH,/NOxEJLLEZE{E (0.83—1.2)

R ' 290°C

-g s,

g [ BEFEARY

S \ }

u ‘I

i ‘

o \

=z W R A

o \ |

M__\
H ",
. '\’N\l-’ Al _‘m.' TRl
B
Fig. 7 Catalyst reaction speed by changing NHs/NOx
molar ratio

ETHIEDVIRETH S5, BififilEtoHz /s {35
TEITED, BREAR=AIPNEL BB~ TENEE
W5, TAZ =Y U752 MTlE, PETARHED
JENREDRBRRICEECET 5720, [Rehkolt
DTN TG v A% EZE LRGP ETH D,

3.2 aACNA P RNYALyIvEITREEE

I UNA Y N A OV B R, PEEEIOR A
< (HRSG, Heat Steam Recovery Generator) ®H1IZH
AirEND, HRSGOHAZEEXTH 2054, Biflfl
O R EERZEOBINE XD, BRI SIE AR
TSR E I NL, TYEZTIHEAZY v Fid, B
LMt ¥ a VICRET 27— AL Linfllofz
BN Y 7B AR—AZERET 57 — AD3H 5755, Bk
it L M L ¥ a VICHKBETLIHER, TYE=ZTE
PE A DRGIEBER TR T 2 LD B 720, B
R=ZDEEPS, TETET Y EZTEAZY v FiZ
i it - R B OZ BT N > 2 A R— 2 ICEE S D
O HH 5 (KH8),

T YESTEAZY v FIZZHOREIC X DK ST,
HRSGOWHNIZ R L CH—ICHE I NS, AREERA
ST PASEE L LT, TAY—Y 7Ty MET
T, 7YE=TEAZY v K25 Bl F cofi
BRI, J ANV ERINE &5 % SiRAVEREZ I 1
ERLNEPUETH DL, TV EZTIHEALBO THICHE
EINLRBERICEY, PR L OREGR RIS
NHbO0, BREBHHMMERL <, 2RSS N2 BAREE
MRIEFITECEAE, TYESTIEAZY v FHMTIE
FmREMREPE SN WD, A/ T VEZT
REWREZRBETLILEHULETH L, T RREHDO—
Bl 9K

F72, T UL Y A 2 VTR EEE TIE, fEE
HRE, BERE r—v 7, B B 2 HEA A
BIOT Y EZTONA RZABIEN KRB EETH L, B
RENLBARIEDE L 2 BI2oN, N4 78 ZH Witk
HEICH-Z 2 BEIIRELS LD, WA RXADBHLGEIC
&, BEAEEE I OINOXI IR R 7 v E= 7 #¥in%s &

Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.



Vol.45 No.3 2017.5

HREZ—ELTZ2 MEFBREEBICDWT 149

Reactor

¢
|
'l
g

=2d
L

Fig. 9 Static mixer (Model)

DOFEERAR E 2B H 5,

AR E KA FINTBAEREE T, PET AR DS0s&
KRBT VEZTORIBICE DAL 2BUEREHS T
-y HESED, HAY—E UM E LR AE
X, THERKBED X = X 2512T, HRSGO IR HE 2
BRECBWCTHBEREIERT 28 E05H 5720, &
KEHCLLEND L,

EZAT, EHEDKENBT HBIEHRFERLICE Y,
RO I N ¥ FHA I IVT T v b O EE R
TR, BMAETT Y MAOBIREEE R E AL L A
52D Do HRSGIZIF K O Bisig 3 i i H o A < —
ANFETOENTOARWIEAIZIE, KHEBEASETHIC X
D B E A R E T AL E L H D,

3.3 T IHAvIIvmET EEEE

BRABRETHLY VTINVIA I VTR — T T
bTIE, B3 2 52l 3 204, Bish omEEs
Al BT O B B RS R D b s, ¥

EHES ZHEAOF R E LT, ORiBiay it o R
M, QBT AGH Y AT AOFRHBEF SN 5,

PEA ZIREEDSEIR & 72 2356, Bl LicB w7
VESTHGHEIND, Wi L, XK10IR T &

kMM mammn

/”' e
\
g \ \\\\
= \
& » 530°C
300 400 500 600
& B (c)
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Nitrogen oxides (NOx), Sulfur oxides (SOx), Chemi-luminescence type NOx analyzer,

Non-dispersive Infrared gas analyzer
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Table 1 Measuring principle of gas analyzer
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Table 2 Advantage of Chemi-luminescence type NOx analyzer
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Fig. 5 NOx-O3 analyzer NOA-308Dx

Table 3 Specification of NOx-O; analyzer NOA-308Dx
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Table 4 Advantage of Non-dispersive Infrared gas analyzer
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Fig. 6 Measuring system of infrared gas analyzer
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Table 5 Specification of continuous gas analyzer NSA-308
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Fig. 7 Continuous gas analyzer NSA-308
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Table 6 Advantage of magnetic wind type Oz analyzer
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Fig. 8 Principle of Oz analyzer using magnetic wind method
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RBt« BRER —

PEE A ZAHNOX « Oy « NHs® kg EE I E Bl £ ENDA-9000 3 V) — XD
High Precision Measurement Technology of NOx, O, NHs in Stack Gas and

Introduction of ENDA-9000 Series

SAKAKURA Seiji

Bty A AN B R b A Bl 2

ISHIKAWA Koji

*h

INOUE Satoshi ~ AKIYAMA Shigeyuki

F—T—F RARERGR, FESEEARIERIT R, BRI, it 7 'S TRk
Fluid Modulation Method, Non-dispersive Infrared Analyzer, Magnetic Pressure Type Oxygen

Analyzer, Chemiluminescence Analyzer, Ammonia Measurement Method

1. FU®HIC

HARTIZ19504E8 2 5 U H T A2 < 70 EAERED)S
KL T 5 0T, 19624E 121D TRAIGYeb) 1l % 52 60
7o NEVEBLE: ] 2shle Sz, F4E, Uhidwmo T
TR FEF T I AL (SO2) T 2EE Dt
B L7, 0%, MMEFEAEY ZORKNWEL %5
SEERMLY (NOx) R—Eftik®E (CO) 7% &ITE K
SrRPFEL, BRBEESURIORSICERL T& 7.

HEPET A ST BEIIRA 5 —BRBE 2 L, FE
AW OMEYEAT A2 EFNHNOx, SO0, CO, MH#
(O2) DUEPEA FREEIEENE Z 1T DITHW LN T
Who JEZEH LIS N D KRG E OREE 72
THL, BBEFHCRA 5 —ofl#, P77 A oNOx
RSO2% LIRS % 720 DFLAY - Bl E OIS H v
SNb. SHANEEBHNTRENERLRBED-O,
KD TIEERFTORBHMTH 5, Hik - BIEOES
THY—Erxhfizs¥s [B4EHRE (USC: Ultra
Super Critical) | 7°5, S SHICERDOWEEIFE %25 &
R Ko [hE- % AT (A-USC : Advanced-
Ultra Super Critical) ] OBEANRRAFNTEY, HK
D FEIEX600T 2> 5700C 12, HJ71325MPa* 535MPa
WCENZENRBI& EFsn Y, 0k ESiESET
THALAH & S S8, ARFTAZFAESEL [ Ak
7 AL 4 56 % (IGCC : Integrated coal Gasification
Combined Cycle) | ®BFEH ATV S, LNGKII T
BAEFRDOHAY =¥ v LRSS — ¥ v EflAGDEL
(EAERE (a4 Y FH 142 0) KR 5, BE
WZBE S PEBE L CRROER AT A # 88Ty —

ERSAT 20174 3 H14H
* 1 GRIESLEERT BRI T 1 b AR
T520-0120 KETh B 1 -15-1
seiji.sakakura@horiba.com

Y oREICHAHET S [miRgEciHrAsy—e s
(AHAT : Advanced Humid Air Turbine) | ®FZHALA
RAEhTwd, INHORMAKNFEEOEAIZLY,
A T —Wh & S IEIE LS HIE T 2 Hl & A AR
KALT B EEDbNT WD, THIZHEWEENO 7 AES
EEHREL 2D, MEPEA A5 EEICD, SOEN
ZEIRFIZBWTH BFER M EEIRD LN TV,
1 OWGEREAT A AT 2EEENDA-90003 V) — 13K
TIFETEANT AL U 72 ME HE A A AT S50 C, SR Ik
B ORI ST DR RN IR E LR TH B, v
T ARBUSNZ BT BHET AMEIRDOZRAL, B2 13
TIEFIIET B 7280, FEFRIEV LY TIVT AT
BEIOFHRZ IR CY4rtieRBEIL 265 L. 4
HT =W v TSRV, FamFEa O EIRERE, b
LY F79730R, HUZWERE, 7% 0¥ 7k

Fig. 1 External appearance of ENDA-9000 series
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RE, B AV TP Y AW E R MR 2.

2. JEEHH 23 HEBENDA-9000 1) — XD
NOx * Oz * NH;DBIFEH T & & 4FR

TSEREA A AT 2 ENDA-9000 ) — X FIZED
AL KTIFEBETINTIHEAL L 2z Sk eE - =S - S
REDGHTEETH B0 K WER S DRI I TRARZ
AR EH, $rTVH AL A GHELT £72
A7) 222H (1 H2 W) ICiligse vIicE AL,
WP EEPRBNET 22 ETE¥R FY 7 b Agsde
3, BEIMICZE L7odmille 2 I L Tnwb, F723
WEMOETUS T RE e SRR RN, FESHOERAE
3. (Non-dispersive Infrared Gas Analyzer : NDIR: )
EAb2A#38 638 (Chemiluminescence Analyzer : CLA:)
W % HS, NDIRED HEENOxEN Tldi/MOppm#A: 5
FHEEMRERSWREE 2o TBY, S5y VLA
FOwAKIGED2 L2085 12 EL, ZhFTHETE R
o T BRBEBARAIRE D ANEE AL 70 I ARTE TR T 5 Hig s
(~ 300ppm) DONOxb MEWHE & 7% - 72 ENDA-9000
YY) = ADERMEFRE R LITRT,
2.1 RAZHAFANDIREZ AL 7-NOXDBIEHIE

NOxiZF I —Mfba s (NO) & itz (NO)
TH Y, FIEFEOBIIRIE 22 D& 53R L W3R
LROE L TER T2 0MNEILAETH L, KT
FIAW D% 1%, HEYHEPET A, BRBEFHET 22 E&
INTVD DOV RKPIIF SN, —RIGEAWE L L
THBEANMRCEELZ RIZT, 5610, ZRIGEWHE
KAHIZHERT 5L, WEFRAEY FAEDOENE 25,
FA484E (19734F) 5 AIZ, NODEEEILHENw S,
FEWTHILE 8 AIC LY, R4 F—, MBWFEOREEIE
FICH 3 ANOxHEH 2LH#E DR, B X " ZF o HH A5
I &Nz, BBARIS24E12H 1213JIS B7982 [HEA Avhod g2
FIALW HBER S A 7 A RO HBEHIE ] 2HE S h,
P44 (20024F) ICHET Sz, @

ENDA-9000% 1) — A TIENOx - SO2 - COOHIEIZ i1
NDIR#Z$R-H L, ENDA-20003 V) — XACTHERH I

TRAER R 2R L TWbH, TONDIRE:IZ 2 (12
AT XN, R —E I CREE & Y D B 2 B
TN XD F TN A LA A %A HA— & i Tl
EXWVIEAT LI LIZEY), U TVHTAZDOHDOD
AV & > TELLZEFTREEZFH L 72D DO TH %,
ARYVGIE 2> & S S B aRFbE, e L &2 s LT
B R IE U7 B AN 5 THA S B
BCAHT 5. MWEL N ADHWAL TS & &
VAR E RIS X B WAL 72\ T L F— s H # 12 F)
FEL, WEXVIZH YTV ANHAL TS & X2
YU TNHAROPERFI LD EE (I Shi-x
AN F =K EHCENET b0 L72AS THHZHIC AST
T HRIOERIL, TN F AR OBERSI X o T
INENEHZANF—572FE1LT %,

T

L1ghT  Mossurement] ——

source cell

@E;,:dj[l m| j & :D :ofn{n‘:r“.lnn( value
3 Subtraction

<[] -
coll Cossignal x
Refarence BasUrement
(zero gas mmwon"'“'

Sample ga

\Subtraction

Fig. 2 Detection method of fluid modulation type NDIR

MEFICIE, ZHEOT ADENELE R 50 H)
AT 5N TEY, WEL VO A A AR &Y~
TIITAGFARE & DRIV AN F—12EPE LD &,
ZHETHRINEING TANVF=DRRY), TOAEITHNY
TAGRFENAEL LTUBIBICENZ 52 5. €DE
iz AE 7L LTHIE Hd 5. tozo, filEt
VINTORERT DA ARIEZEALDR R E ), KE

Table 1 Specification of ENDA-9000 series

Measurement NOx
Component (High sensitivity) NOx S0z co Oz NOx/NHs
Measurement NDIR NDIR NDIR NDIR MPA CLA
Method
Range 10-500ppm 50-5000ppm 50-5000ppm 50-5000ppm 5-25vol% 10-200ppm
. Max 20 } ,
Range ratio (<300ppm) Max 10 Max 10 Max 10 Max 5 Max 10
Repeatability + 0.5% of full scale
CO; interference Continuous correction B B B B
correction by CO; detector
O correct O O O O - O
Allowable range of
sample gas pressure +10kPa
fluctuation
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WICEDOEBIDE L VDT, YU I VAL B X
OHH AT A VI —HA (BIAEREBDO L ) I2H
WA A) ZRIEA, TP A 2R LA LRI
woMHEEtarsy, Yo kY7 MIEHISEA L
v, o, HARBRELTHVTWER 3D 2%
BHZHESY 4 7%, = (MAIN ) T E s
(Fls % &) 2L, %= (COMP fill) Tid®
TS ERE L, WESEHWTTEEZIT) 2
ETTHRGDORED L VHIERSE TN 5,
NOxill 52 TIENO:#NOx I ¥ /N— # |2 X YNOIZHIE L
THEEAT S A%, HEKNDIREIC & 2NODOME T T
W & LTKkB L@tk FE (CO) D#Er =T
L7200, MEBATER & o Tz, AREETIIKGT
Wi ERL 2 BEHZHE S 1 7T, F72CO0TFHID
WL, MO L7-COME Mgz T v 7V Ao
WEEEZMILLCY TV Y A ATHIIE 21T, WERED
MEZK->TWh, BLEICX D, BHERBEEDG-HR
B LRSI, THEEO RS RINER
B ENG,

Light B
| source I

L MAIN n'
Measurement | |
cell | B | Signal of
—F = | interference
|:Ir comp %Ccmpon&nt
L. [ i
COMP = MAIN [ Signal of
Output L measurement
! ' component
Detector
Amplifier Amplifier

Fig. 3 Correct calculation of moisture interference of NDIR

2.2 HWSEHHRAEERET (Magneto Pneumatic
oxygen Analyzer : MPA) OEIE [FIE

BEERE IR & O AR E TIE, B ORI EP T
ZBRDVEA L72A, RSN THER G A DR
BCHEENTLE ). D720, FEIEFHEFD SHEH
ENBZNOxOFHBEEMEICB VT, PETAH DO,
BRI X DRIE 24T ) 2 & ASKETGYeP 1k 3: 0 AT H
TSN TS (OdR5) . ZD7d—MIZHET A
DONOxD W 5E TIE, OFEZ B THET 5o OMs
o FARIIADL Y HHT %,

O, LR/ [ppm]
21 [vol%]- O, ETE [vol%]

= ~/ P
2 Tvolta)- O E T oy < OF EH Topm]

Oz AL, BRBERIFE P REHC X o TEDHN TS
), ENDA-90003 ) — X Tl 2 B DOk Bl & i e -
BIRPEETDH %,

OB IZIE K 4 OMPAENHWOLNT WS, A¥—

R EIC0, (BHEMEORMK) AT S E, O3
ROMWHIZEI &2 5N, ZOESOENBERT 5,
—RIZFDHDOET EFAPIEZRQ2)TETZ ENTE S,

AP=1/2P-X - C (2)
H: BROHS

X DA (BR) Rl
C:Hwlt (M%) DORE

COWOEN EA%E, FEREMEAROSEFRE M- TREA
WCIEDERZRY L, ZOEHNZ L% B CHRE L
TERABTICEWT 2, Brax@E Iy LmgsE
L7202, BEAZEL, KEET TRIEL TWwb,
ZDD, Y TNTAPIZONFEIEL WG, &
AEFIEIERLERD, Yu by 7 bABEL RV,

Sample gas

Electromagnet

Magnetic field coil

A

Carrier gas (N:) Sample gas

Fig. 4 Schematic of MPA

2.3 REZREAFRXCLAZZRAWET7 > EZ7ORIERE

7 VS TIIREIFL I E O e E R ERWE &
LTBEEN TS, Rl s L7 >~ €
ZULFEOITU - VEFKL, INLBEELDK
AHBUMNFER T A 2 EmsNTwW5S, KA
WED—D>TH 5,

BUAEK BT 7 ECHRMEE L LTEICHHINT
W B R Al O RS EEE (SCR) R JEfilti 2 e b Al
%1 (SNCR) T, HISHIE LTT v E=T7 R &
NTW 5, Bl ZTA KRBT ALY 2 7 5 Tld, #
Bk # A ONOx (90%LL 11ENO) 13SCR #84TiEA
N7 BT EMBRIGL, BFLAKIIELIN
%o NO &7 Y EZTIFHmMNICIE LTIV TGS 5725,
WEEAT ANH;DEIINOx OEE LY VT M
T (08~09) L4225 L) RERKIIMZ 5. NOxH
DNOREEAFH W E AL EENITMZ 50 RRISOT ¥ E
ZT7WSCR Tk Yy —r 77 LTHHR SR
o THDV—2 T VEZTORERNBELVE, PETAHINC
FREINTVWLIT - —% =i THEHN 2 oS0,
LRUBL, BRERT B AHVER L, BASHERORER
METT 5, FRBEROMEL DL, 20720, 1) —7
T VEZT OWREITRZR)KCHE NS, $27
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VEZTIRHEMAEW E 0L, FofifEE /RIS
HETAIETIAMNY Y IZh %5, DLEOFIIC X
D) =277 VEZTIREZHEUIERT S L1, SCR
Bim2EE 2 s 5 FCEETH L, W

7 vEZ7 (NHs) OWEEHIZIE, OB E D
(R TTARE OGS F 72 (X ER AL SO & NOx {5 JFUBE % 4

WEELTWh, ZOZ LIZX )NOx & NH;Z [F1 )
EWREE 2 57217 T% <, K5 QBRI 2 12 THABRMIC
—ZRMTNOxT A4 v ENH; 74 Y280z, 160
Beig TNOx E NHsO W E %2 479 Z & THligR i o7
R Y7 MIEEINT, BErORE L TEZT
)T ENUHETH S,

AEbEoiE), @EHZNEDE CGRIBIINE, A4
VM, L= R RIRIGE) R EAB o

Solenoid valve 2

FEEINC BT ANHMEIRY — 2 7 VB 7 ORI NOx 11 AW
ffHENTBY, 7y EZTIHEAROHMEICIZEH Sh NHs 1ine p—
TV v, NHsOWGEI OO BN E L2 v, W =
ZH 70— 7 RN D L AZMENS [ O I3 s Instruments

L, HEH 2 2B 5 ICNH; 2 No % 7213NO 122843
%7280, FRIEENTONH:OEEZ S LN TE b,
F72CLAEIC X ANOxllE 2 w5 2 LT, NOx: [
B2 — 2 7 V=7 OMENTREE 5 b,

1) CLAZoJEM

H T IVHFAFONOILE Y Y (03) #FUSEED L,
KB)D X ) IINODO— AL ST ks E (NOy)
127 %0 A L72NOO— bk IRE (NO) 1275
TBY, XM4)D X ) ICHEIREICR S & J 8% s

0zone generator

Fig. 5 Gas flow of NOx / NH3 measurement
by dual stage fluid modulation CLA

3) BN E LT X 2 NHo & J5 B
P 52 1212 & % NH3 D I 12 (3 MR AL Al isE 1 & 35 e fih
BERDH Y, TRENORHZ R 2187,

Table 2 Measurement principle of NH; ©

%o ZOBEPMFFHNTH %o Oxygen catalyst Reduction catalyst
. NH; [NH;] = [NH;] =
NO + Os = NOF + O (3) concentration | [NH; line (NOx-NH;)] | [NOx line (NOx)]
NOs — NO» + hvy (4) calculation |- [NOx line (NOx)] - [NH; line (NOx-NH3) ]
. ) N Material Platinum Titanium oxide
?‘ D Bt ﬂi@fb VC:E < 'j)ONO?)J’\ﬁ)Eg%L L. NO#* Shape Granular Honeycomb
T, 5 727[52 G‘i iO) i Likt@j;% ° = Temperature Approx 700C Approx 350C
DS & FIH L TNOWREE 2 E 3 % 02386 T Long life Catalyst
& %, ENDA-900OTIZ ¥ >~ 7 IV A dONO:%Z NOx I -I;ESS catalytic
NN - i = =L s -Not depend on the efficiency decrease
YN= 5 TNONEILY %o TR T HO0%E &Y Advant concentration ratio of | due to dust
VRS TOCER L, KnTF v v N—IZEAT S, Vantage | NOx and NH; in the  |-Since the catalyst
. 1 . t ture is low,
RIS F v ¥ "= TRH > 7 H ZFONO & 00 B smpie s SO 16 not casly
AR, BISIHED FHATT 4 b T A F— KT+ b oxidized
RNVFTIAX—THIEN D, “When 50,
. . 5 . concentration in the
2) TR H T CLAB: sample gas is high, a
R S 13 o > 7 SHE I 12— part of SO is oxidized
ENDA-9000T cj SRS &% o:@‘fﬁ:ﬂ’” A to SOz by the oxygen |-When NH3
TV BRDLLERTLICEY, YT VT A0 F ¥ catalyst. concentration in
R P 0o L g (35 ~ -When moisture and | the exhaust gas is
7 Lf%)\i— é’iﬁ BLBALZVYS (T0) 1285 Disadvantage | NHs; concentration higher than NOx
MARZR TR Z2HRHEL TS, CHIEY Y TV HAF are high and gas concentration, accurate
n2 7% A ) - R . temperature is low, measurement can not
Db ODALFEIRIGIZ L o TEL LEMARE AL 7 corrosion of metal be performed.
bOTH D, CLAZHE, TWHsms & LTKkyg (H0) B parts and piping
. , = - S B loggi d
KUCO.DBME T B0 KRBT, ASTHBI cosing occurs due
BIHHEC L VRIS 52 & T LTV 5o COT ammonium sulfate.

W (T rHS) &, Y TIVH R T BRI
TERHETTICTHRL, KnF v v N—PICAH Vv &l
ALTESIZHFRT A LT, THAKEAS S LHIE
BEON EZK o Twb, NH;:OMERB T, 04Er
WZE AT SRS %2 VW ONH: % Bt F7213&0L,
NOxF A » (filitZm#E L 2w 4 ) ENHs5 1 ~
(it %2 WM T 554 ) 200, WiF4 > D%EEZNH;

— 4;2 —
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AL, AT EHTEA S B i U628 3 fil
ETOBRILRSZFH L T2,

NH3 + 5/40: = NOx + 3/2H0 (5)

L72h3oC, itz @i#d 2NHs7 4 ¥ ONOxiRE &,

fili 5 A 838 L % WWNOx 7 A ¥ ONOxift FE & 0 7 %SNH;
BEEEICHIE T 5o

[(NOx + NH;)] — [NOx] = [NH;] (6)

HPALERECTE & L C oM, X6 o X9 (il % i
L7eNH;7 4 » E L2 WNOx 74 ¥ ThER ST
Wb o MRS 700C Tl ST 5,

=
lNH; Tine

Fig. 6 Schematic diagram of oxidation type catalyst unit

NOx 'I1'nsl

I, KA T —R T A Y — ¥ v OB M
I S T 2 SRR TR O R 2 L Tw
b0 bbb, HHEHIEAT 2HNIAT)B L OB
KT &9 Bl ECoBR RIS EFIH L T,

NO + NH; + 1/4 O: = N2 + 3/2 H:0 (7)
NO + NO: + 2NHs — 2Nz + 3H20 (8)

A(7NB L8 & b ICNH31INOB X UNOz & 1:1 T
BB $ %72, NHsRE & FREONO AT 5. L
72055 C, (9Dl Y fililE % Wi $ A NHs7 4~ ONOx
R A B L R WNO $ 4 Y DONOx D
HINHsHEEE NS T 5,

[NOx] - [(NOx — NH3)] = [NH;] (9)

BILHSEE & U C oM, K7 o X9 (22 55
L7eNH35 4 Y EFRE L2 WNOx 74 ¥ THELE LT
W5, fillEE s R350C TR E N TWwW b,

Reduction catalyst

NOx linel lvNH's line

Fig. 7 Schematic diagram of the reduction type catalyst unit

4 ) BRESANT OAGK & CLABEDONOMIEND I

CLABICWERF YV v OREREIZIE, INETO
KExRELRIVRT © 7h 0, IBHERICETET L2
& TEBEANO AR KR L 720

F72, ZTOCLAEZHW7-NOx - NH;:D il 2 )i %
IH$ 52 & T, NOxFHH®ONO « NO2Z ILZ 1L D FE il
EDWHEE % bo YV TNV A AHDONOZNOx T ¥ /8 —
Z TNOW#HEILL, NOxiEZRD LT 4 >~ &, NOx2
UN—=F RS TNOREEZ KDL T4 v &#FTF, NOx
4 v (NO+ NO2) &ENOTF A ¥ DOFEED HNOJRE %
Bl %,

[(NO + NO»)] - [NOx] = [NO:] (9)

3. ENDA-9000> ) — X D% E s DB E & 453
310 HUTIHRAODEAZEIDIE

FL VBEHICF 2 — v FR Y TERAL, W
YTNVHADIETIEE) OFEFPAZ HE R 2 50 £
10kPallNIZHL R L7zo JHENOHEN ALK E K E
B3 AHATY, YU INVH ADENEROFEHPE %
PREGLZETRELLEY Y 7Y V72 TE, &
R B2 70 el 28 2 FEHL L 720

Fa—EC VIR TEER LI VICERITHDOTIE
7, M8DXEHCy— VB>l o0F 2 — v
TRYTTHEBEIA VORL Y ZMHTEL L) TRL
2o FLRY TIEEBEETIZR L, BETIHRKED
FU Y 2 P52 O+ 5570 R T 0 AR B1E S % i R GE IR
(54012 1 W10 BEIE) L3528 T, Jvy=vra
A MEESR A V7 v AEIC D ZE LRl Lz K
L VS £ I3 R4AER Y h MR 2 MAd 5 7
OU— AL v F2ETFTBY, BRERHFICEF2—-—r 7
BTV HBREET A ETRL V2 ER LI L
TR EWEMENDEEREEND T X — T % KK
WPk T % 720 OREEHE D i 2 T b,

== Float switch
Tubing pump
-

IS

DS-1 (2) : Drain separator
C-2 : Main cooler

C-1 : Pre cooler
NV-1 : Needle valve

P-1 : Sampling pump P-2 : Vacuum pump

A-1: Analyzer

Fig. 8 Drain processing mechanism of ENDA-9000 series

3.2 JERMRIEMBEMALAYC TV ITREXER
BRimER DIERE IR

NDIR#: # iV 72NOxar T, KA RO T s

& %%, ENDA9000 ) — A CTld @ F L o ALsge )
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ZHL, FL YHADONOxRSO:D AMfE K 2 iR < &
L7:0, FLryenLb—% (DS: &5 77 VICLD%
AN - 7V 7 —9— (HiEEFHHZRCL: 15C
Tr) A v —T— (EETEGHERC2: 25CHEM)
W) BERERICERIE 21T 9 3 BB iHE® 2 ENDA-2000

V)= AN HMEKT BT TR, BFHHIGRZRRL

BRI OBFREZNERL Y HAS L, T, Wmfd
INEL L% FF B 2 & TS0 EMER S A AD R
L UNOEREBERL T 5,
HEENOXET TR X DK Tl B 2T 270
12, A4 ¥ 7= —0FbITHEREE Vv 7-ERiii %
R L720 30T &) SIS X D WTREZR R Y K5
TWHAERT 2 2 L THEELFEIL T, £/, F
BRI 2 LT O % TR E O Z LI E R IR % 5.
ABYED DD, TR0 EBEREBHEOMRET = v &
A7) =7 v AB L ORGTHHIE RS (COMP
) DEFOAZREERE TSI LICXY, F5ICHRE
BEHDF = v 7P EEE o TWnb,

3.3 AT—WEZ v FINZIVIRBICK BEBME - B1E

HomEE

ENDA-90003 V) — XTI, # F — MM - HAE
FoR - F v F RV R EICE Y, HEICTHRD HW
HUREZ, BEMICO ) R T VElHERE AL — X
W2 L 72,

ME % B 201553 2
._EIOx 5.29 wm %
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Effects of Tip Edge Shapes on Turbine Tip Clearance Flow Control
Using Ring-type Plasma Actuators

ABSTRACT

MATSUNUMA Takayuki

HaN Rz

SEGAWA Takehiko

N

Ring-type dielectric barrier discharge (DBD) plasma actuators have been developed to facilitate active control of
the tip leakage flow of a turbine rotor. For the fundamental experiments using flat plates with 1 mm tip clearance,
particle image velocimetry (PIV) was used to obtain velocity distributions near the plate tip region. In this study,
effects of tip shapes of the flat plate were examined using four plates with flat and flat edges (FF), flat and round edges
(FR), round and flat edges (RF), round and round edges (RR). The forcibly-induced tip leakage flow was decreased
by means of the plasma actuator flow control at constant input peak-to-peak voltage, 12.8 kV, and various frequencies
from 10 kHz to 16 kHz. The most effective tip shapes were the FF-type under the frequency of 14 kHz, and the RR-

type for the higher frequency of 16 kHz.

Keywords : 75 AR 7 7 F21L—%,
Senn AR
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Plasma actuator, DBD, Active flow control, Turbine, Tip clearance, Leakage flow, Tip shape
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Fig. 1 Ring-type plasma actuator
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Introduction of hydrogen power generation is considered as one of solution strategies to achieve low carbon society
and Graz Cycle is expected to play an important role as high efficient future energy system. Exergy analysis on Graz
Cycle was fulfilled and comparison with state of the art gas turbine combined cycle was also implemented. 1600°C
class gas turbine combustor exergy loss was 26.8% and net exergy efficiency was 56.5%. On the other hand, 1450°C
class Graz Cycle showed great advantage of smaller combustor exergy loss of 21.4% and higher net exergy efficiency
of 61.4%. Utilization of liquefied hydrogen physical exergy was also examined. Graz Cycle net exergy efficiency was
2.1 % points improved by applying the cryogenic physical exergy for air separation to supply Graz Cycle oxygen. The
results showed that Graz Cycle has a great potential to achieve high efficient hydrogen power generation.
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Fig. 1 Gas Turbine combined cycle process flow
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Table 1 Example of state of the art 1600 °C class combined
cycle performance

HYSYSIZW A€ TSR 5720, M FRIcE=R
U B, 1600CHHTAY —E DY AL —INT v A%

Turbine Inlet Temperature 1600 °C FENEFNOYV T M 2T CHET LR RE, HLAY
Exhaust Gas Temperature 642 °C MET NV EHDLETE2ITIRT . MHEOMETRFEDOZE
Compression Ratio 22 Z2%RETHY, TNHDEFTT—VHT A Z7IVDR
Gas Turbine generator term Output 320MW x 2 T NVERET L) ZTHOREETH L,

Steam Turbine generator term Output 280MW

Plant total generator term Output 920MW Table 2 Calculation Deviation on 1600°C class Gas Turbine
Gross Exergy Efficiency (%) 58.1 performance caused by different fluid property model
Gross Efficiency (LHV%) 60.1 Software GTPRO AspenHYSYS
Gross Efficiency (HHV%) 54.3 Fluid property |Gas NIST-JANAF Peng-Robinson
Net Exergy Efficiency (%) 56.5 model Steam IFC-67

Net Efficiency (LHV%) 584 Generator term Output 320MW 313.8MW

Net Efficiency (HHV%) 527 Deviation - -1.92%

Compressor inlet pressure loss 0.98kPa
Gas Turbine exhaust pressure loss 3.43kPa

F—IH13268%TH %o FHEILTISOMW D 55 1T FE E
JAHAZ =Dy —¥ y AOWMEIZ1250C HETH
D, BBESROT 7 LV F—HEI275%TH 5 DI~
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HAY—=C 7Ty MBS KOBILRBER O T
7R NVF—HETHY, TRV A 7 VT OBRBESRD
I NF—HERE SO T 2 I EPEETH S,
Blade Cooling 0.8

Brayton Cycle Mechanical,
Generator, Misc. loss 1.4

Brayton Cycle Compressor,
Turbine Loss 3.8

Fuel Comp.
0.5

Combustor
Loss 26.8

Rankine Cycle
Electricity 17.8

Brayton Cyc|e Heat Transfer Loss 3.0
.. Boiler Exhaust 0.5
Electricity

Exergy 100 40.3 / Rankine‘CycIe
Turbine
Loss 2.5

Fuel Chemical

Brayton Cycle
Exhaust 27.4 Steam 24.5
Feed Water 0.5 ¢ Y Rankine Cycle
; From Turbine Exhaust
Boiler Blowdown 0.5 Blad
2d€  Rankine Cycle 4.2

Cooling Mechanical, Generator,
Misc. loss 0.2

Fig. 2 Gas Turbine Combined Cycle exergy diagram
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Fig. 3 Graz Cycle process flow'"
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Table 3 Graz Cycle exergy analysis premises

Brayton Cycle
Compressor adiabatic efficiency 87%
Turbine polytropic efficiency 87%
Compressor Inlet Pressure 0.37MPa
Compressor Outlet Pressure 5.0-13.8 MPa
Compression Ratio 135-374
Fuel pressure 55 -14.3 MPa
Combustor pressure loss 100kPa
Turbine Inlet Temperature 1200-1450 °C
Turbine Outlet Temperature 693 °C

Rankine Cycle
Turbine polytropic efficiency 87%
HPT Inlet Pressure / Temperature 14.0MPa / 650 °C
HPT Outlet Pressure 5.0-13.8 MPa
LPT Inlet Pressure / Temperature 0.38MPa / 465 °C
LPT Outlet Pressure 5kPa

Other premises
Mechanical efficiency 98.9%
Generator efficiency 98.0%
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Brayton Cycle Brayton Cycle Mechanical,

Compressor, Turbine Generator, Misc. loss 1.6

Loss 3.7
Oxygen 1.9

Fuel Comp.
2.8

I~ Fuel Physical Combustor

Exergy 2.2 | 0ss 21.4
Rankine Cycle
Brayton Cycle / Turbine Loss 2.3
Electricity

Fuel Chemical 42.5
Exergy 100  Heat Transfer Loss 5.7

Rankine Cycle
Mechanical,
Generator,

Rankine Cycle Electricity 23.0 Misc. loss 0.7

Rankine Cycle
LPT Exhaust 6.2

Brayton Cycle
Compressor Exhaust 91.2 Heat Exchanger
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Combustor Inlet
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k Feed Water 0.4

Rankine Cycle
HPT Exhaust 22.5

Fig. 4 1200 °C class Graz Cycle exergy diagram

Table 4(a) 1200 °C class Graz Cycle state quantity

St o) | fo2) | (030 | [oa] | [05] | [o6]
VF.(-) 1.00 1.00 1.00 1.00 1.00 1.00
T(°C) 1408 | 5388 | 521.0| 1200| 6934 | 464.6
P (kPa) 370 5,000| 5000 4,900 400 380
G(kg/s) 1706 | 1706| 2415| 2775| 2775| 2775
h(k]/kg) 2779| 3545| 3504 | 5157| 3942| 3438
s(k]/kg °C) 9643| 9.770| 9.719| 11.22| 11.37| 10.80
e(k]/kg) 8559 | 1587 | 1560 | 2802| 1547| 1198

Table 4(b) 1200 °C class Graz Cycle state quantity

St | ro7) | tos) | oo | [0) | (1) | [12]
V.F.(-) 1.00 1.00 1.00 0.00 0.00 0.00
T(°C) 464.6 | 464.6 41.0 331 331 331
P (kPa) 380 380 5.0 5.0 5.0 5.0
G(kg/s) 1706 | 1069| 1069| 1069| 36.03| 70.86
h(k]/kg) 3438 | 3438| 2603| 143.0| 143.0| 1430
s(k]/kg °C) 1080 10.80| 11.13| 3.098| 3.098| 3.098
e(k]/kg) 1,198 | 1,198 | 2743 0.0 0.0 0.0




174 KEBRRGEZ—ELDI VL X -

AEAHZX 2 —E ¥R

Table 4(c) 1200 °C class Graz Cycle state quantity

St;if”“ [13) | [14] | (5] | (161 | [41] | (51
V() 000] 000 100] 100] 100] 100
T(°C) 345| 3301| 6500| 4782 250| 250
P (kPa) 14900 | 14600 | 14000| 5000 5000| 1,000
Glkg/s) 7086| 7086| 7086| 7086 3200 403
h (kJ/kg) 1629| 1749| 3725| 3405| 8952| 3518
s(kJ/kg °C) | 3105| 6551| 9526| 9591 4079| 5156
e (] /kg) 258| 6710| 1834| 1496 2735| 2598

V.F.: Vapor Fraction, T: Temperature, P: Pressure
G:Mass Flow, h: enthalpy, s: entropy, e:exergy,
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Fig. 5 Exergy analysis on various TIT Graz Cycle
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Fig. 6 Cryogenic air separation process flow
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Table 5 Cryogenic air separation performance
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3
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Electricity Consumption 033 kWh/Nm®

Compressor, Pump
Cooler Loss 21.1

Heat Exchanger Loss 8.9

Expander Loss 1.9
_Lj‘ Oxygen 1.9
Nitrogen
54

Air Separation
Electricity 50.8

Distillation Column

— Oxygen Production 5.6 Loss 12.1

- Nitrogen Production 45.2

Fig. 7 Cryogenic air separation exergy diagram
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Fig. 8 Liquefaction temperature of various gases
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Fig. 9 Physical and chemical exergy of liquefied hydrogen
and LNG
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Fig. 10 Cryogenic air separation process flow utilizing liquefied
hydrogen physical exergy
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Nitrogen
54

Hydrogen Gas 2.2

Air Separation
Electricity 31.6

Distillation Column

— Oxygen Production 3.5 Loss 12.1

— Nitrogen Production 28.1

Fig. 11 Cryogenic air separation exergy diagram utilizing
liquefied hydrogen physical exergy
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net exergy efficiency

Table 6 Estimated 1450 °C class graz cycle performance

Compression Ratio 374
Combustor Inlet Pressure 13.8MPa
Combustor Inlet Working Fluid Temperature 722 °C
Turbine Inlet Temperature 1450 °C
Net Exergy Efficiency (%) 614
Net Exergy Efficiency (%) 635
(Utilize liquefied hydrogen physical exergy)
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A Dynamic Simulation of a 150 kW Class Advanced Microturbine System Using
Humid Air Turbine Cycle

BAS St

SUZUKI Kojun

ABSTRACT

il By

NAKANO Susumu SEKI Keiichi
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e
KISHIBE Tadaharu
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TAKEDA Yoichi

Both WAC and HAT are methods to improve gas turbine’s efficiency using water evaporation. These methods are

relatively easy to install into existing turbines, and they are effective ways to increase output power for microturbines.

Quick response for output power is also expected to apply to load following that will be needed in power grids due

to increase of renewable energy. Therefore, it is important to obtain dynamic characteristic of power systems that are
installed WAC or HAT. In this study, dynamic simulations of a microturbine installed WAC and HAT are conducted.
Effects of calculation models including WAC and HAT models are examined to compare with experimental data of

the 150kW class microturbine prototype which was the first application of HAT to a microturbine. Simulation results

show nearly agreements with main system output data of pressure, temperature and power.

Key words : Dynamic simulation, Microturbine, WAC, HAT, Regenerative Brayton cycle, Radial inflow turbine
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Table 1 Design specifications of the microturbine'

Items Unit |Design
Rated output without WAC and HAT | kW 129
with WAC and HAT kW 150
. without WAC and HAT % 325
Efficiency (LHV) with WAC and HAT % | 3
Rated rotational speed rpm | 51,000
Pressure ratio of compressor - 4
Turbine inlet temperature T 960
Thermal efficiency of recuperator - 92
Bearing lubricant - Water
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Development of the Micro Gas Turbine for 250kW Class SOFC-MGT Hybrid Systems
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ABSTRACT
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This report is about describes development and a proof evaluation of the micro gas turbine to use for the hybrid
system which coupled micro gas turbine with SOFC(Solid Oxide Fuel Cells). Gas turbine supplies compressed air
to SOFC. Gas turbine generates electricity with the fuel which finished a reaction in SOFC and with the air which
finished a reaction in SOFC. We remodeled the main body of gas turbine to fit SOFC system, and developed the
combustor which could burn with low-calorie fuel from SOFC. We developed the control to link SOFC, and to

control the gas turbine for SOFC.

Key words : Micro Gas Turbine, Solid Oxide Fuel Cells (SOFCs), Hybrid System, Compressor, Combustor, Control
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Table 1 Specifications of Micro Gas Turbine
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Fig. 2 Configuration of SOFC-MGT hybrid system using segmented-in-series tubular type cell-stack.

(It was provided by MHPS)
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Fig. 3 50kW Class Micro Gas Turbine.
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Fig. 4 Micro Gas Turbine cross section view

Table 2 Gas condition from SOFC.
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Fig. 5 Power decreasing TG051R for SOFC
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Fig. 6 Combustor cross section view

1000 50
900 {45 _
¥
~ 800 4w =
£ 4
& 700 =
" 600 | £
" z
g :
B 400 4
. :
£ o 5
R 100 R
H Tl H
0 — o .
3%8%1§¢:2:z3s3g *°

Fig. 7 Combustion test result
5.3 il

SOFCE mifREliE % B %) 720, EHOH M %
BIFE L 720 AHIM TIEIMGT®D A 4 “ K (13A) il
TMGT® & fif % Hl 1§ % % & diz € — F L SOFCE 0
HAREILZ BT R HCC (TN ¥ A7) s
E—F2Y OV HEZTCEIELBI L), CCEfzE— FT
IMGT ORI & MGT OS5 I HI# % 6 L 7258
BRI E 2 5 THB Y SOFCH 5 OPHRFIBE DO ZEBIZ D
BRETEBLHEE 25T WD, MBIZCCHEIEE—FD
IR IR AADEUL i al del N N W) IR e 1= S S K]

25 100000
i R

5 _20 o . 90000
£z T amuane 3
Rals 80000 E
2 W—_—mﬁwm &
i -
-} ) S— SR RSy g

gl . CCill¥Z{E S ON £0000

! —_— 50000

] 100 200 300 400 500 600 700
FI ()

Fig. 8 Operation mode change
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Fig. 9 Appearance of model 10 SOFC-MGT Installed
at the Tokyo Gas Co.Ltd. Senju Techno Station
(It was provided by MHPS)
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Fig. 10 Long term behavior of model 10 SOFC-MGT hybrid
system installed at Tokyo Gas Co.Ltd .s Senju Techno
Station (It was provided by MHPS)
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Fig. 11 Experiment to reduce main fuel
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Fig. 12 Appearance of model 15 SOFC-MGT hybrid system
installed at the Next-Generation Fuel Cell Research
Center (NEXT-FC) in Kyushu University (It was
provided by MHPS)

Fig. 13 MGT installed in SOFC
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Japanese gas turbine is playing an active role in

Republic of Kazakhstan
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Table 1 % J VA 7 TETS#AMiEE

FMHFA 7
No. izl |/ MREN ERAEE  ERSUED
1 1960%  BKZ-75-39-GM 75th 4307 3.9Mpa
2 19614  BKZ-75-39-GM 75th 430°C 3.9Mpa
3 19614  BKZ-75-39-GM 75th 430°C 3.9Mpa
4 1966%#  BKZ-75-39-GM 75th 430°C 3.9Mpa
5 1967  BKZ-75-39-GM 75h 430°C 3.9Mpa
Ha—Ey
No.  jiltialis B WA R ERUED
1 1960%  PR-10-35/101.2  8MW 430°C 3.5Mpa
2 1964% PR-10-35/10M 12MW 430°C 3.5Mpa
3 19694  PR-10-35110/1.2  10MW 430°C 3.5Mpa
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TL720 A TITBEENSAM, RART AW, 7T
YINB LT XY NETHA GRIRERPERENS 720,
EE L CTIIREHBETTA, — T RliROEF TV
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Lok T7 v 7 EHELRDE
A Maniac Story of Traditional Japanese Sparkler, Senko-Hanabi
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NI FEEEM L BHOBIEIRIC L > T, HRORYIZHS
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INOUE Chihiro :

PO Tdd % 1) 7 2ALEWAIKAED GBI EHE 7%
sl Rl e RR L (1957) [IEEMIC, #BA70r
T TR O 5 W ) g BRI D18 7 7 AR A S DS R 43 507#T %
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KERIIT RO KEOMLAITH LS ) 7 213k - T
BOT, DAY TH DN ) 7 2MEEWIT L -
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5o DF Y, KIREEBEOBEILNKIL D IZRAIETIEE
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ROW T, U, 7IREVZEY ¥ VR OFIED
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LA HIREMREZ RS L CNERTRIBL, 28U
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JEIPRZ2 50 & 2 W HIAGH R OFEE L ) b 5T % H
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L7V, KERE RO 22000 1%, oK 8 ol b @R 1255
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FRTEHbROIEGE (11)
English Which Is Not Taught in School (11)
R

YOSHINAKA Tsukasa

—H-& #H2% HoTWERA, RHAR—A ZIFATUNEE 72 2
{ZE3E] : a red herring A, i, ROBRZ R TED IR ZMEL, ML
(BEKl [ELUFRb0), [FR2Lb0), [RbER ENCHOME £y FUoAFLRY T Lz, Thb
FTWHo] TaotTHSFESTHETLL ) D, FOR—AEFAL

{%BAl : “herring” ZICLATYT2S, ZOFE, [#H FBARELCTTA, HollzitsTHR 7—TNIZENE
LA %0 E3, Tim, RWICLAZREVWER A, B XM 5, “We are terribly sorry for your chicken,
L2L, ICLAZEEIZT L E, IROBYHIR RN F sir. This is on the house.” 2 EWE L7zs 2% 0, [JE

TOT, ZOFHEF, ERIILADIETT, WICHLRITSWFEFRHATLR, BigU ORI LT, &
Wi, COBHEOEMRAEVEFELEL L), Bl I1E3 VE, TNEHLENS>TTFE Vv, BERHZ FEA
AT =N THITIE, (EEDHADOHIRE Z 2572 EWVIHRTT,

DT, b LE- 2% BIZIIRANANITHD?) Ok EEIEAT, HHRELZFAVICEY w0 TT

YRG5 rEd. ILBHNNALOTRLED, HAHA A, TITEATVWITZVWDIE, Fv 7Ty, HAR
DERIE L2720, B HHE S 72/ E ST 2 HV D EUX Y N—GhE LS T, JEKRTIE, HEDLT,

DET, 29017 WhIEELFLRLD, HwidAz L2 TCTFy T2 HbRELD FHA, ROBIDY
Kb, BES 72Nk TITC DD, L) DS, &, BEIHRTTY, R—A~OF v 7L, HEHIE T
COBEOBREVTT, EHY—E2%2LIL720T, HTRHY A, T,
Tld, HEHIZLAD, £ LTI IHv)EERAEWITHE FvTE Lf&“hf:“h‘%b“‘h EEBRDOTL &)
bNBEOTL & 9D TOHRI, 4‘@&;79/\/ﬂw BFy 7EwziE, XL 00RE0H -ty
L3 hroTwEEA, LL, MEIZLAZHAIC FTLZAS, 4H, ThTHPL 28— MIE
W7o & A, ZOWRADMARARIZHEKZ - T, TEFoTwEd, LT, BOFVWLA LT VITL,
BoPT TR EEENTLES /2, W) EETO W=t ¥ PP EDSTITL LS TY,
SLERDSI807AEIZH D TT DT, ZOWY TR %D H, ZLT, FyTOHETH I —oORYBFIL, HXLE
L) OWPIREDFHEMEMRHERIZZ ) TT (BZEEH B L SRAW O GEHEDM =t ¥ b h, L) FHTT,
1) TTHhS, L=V - ¥ /7;< OF VBB EL Y

COFRZHIRELT, KFEICHLALOTY Bl Hiddh $HA. PIMIEIZIE, EXL2&mOMEE, £
REBET, ZOFE IHAIAMIT BRI B o BEHE S/ *ﬁé/‘%ﬁ (GHEBL, WBiAY),
ALY T=TH, ZEw, LMK LT, HoH Z LTt EBiEZ M 2Rt EPN T E T, TY

Lttt ) —%2FbHAR [Thaffzid, ZomEX o, FIINFFOMS—t Ly, EF v TEREHET LR
TET.] LRRLFELL, ThrxBTnwiO0E T

WA, BRI S TWREEIS, [dvondE, #HL ZHLIFE-TH, WMTiEdY 925 BHMFICHEE
WeF Y —RAT, BTWEEDAL] EHETHEZLE FoTEEOTVWLLANTYHY ETL, MAML
L72. ¥FET, “He? A new theory? It must be a red DTNV—=FIEF vy TiExx% &, VAMNT UPRDT
herring.” &% D FL &9, WO HDET, TTH S, FiL, ETHMELE M

AWML ETY,

{#&Z&] : on the house FNIEZEH L, TOFIE “the house” LA H fill
B (208 (LAMT YR N—) oF T ] ZET. BIZIE, RAEE —#HICHRAIAT - 720, [
(BB RoRBRZEZBHELEL L9, 55 H, HiRED MOFE, BICBISETTFE V] EEI9HA, “The
VAN v TREZLDFIIRYE L, 22T, A first round is on me.” TRWODTI,

R BEAREZELLDOTY, E2A%, HEnk
FHELCF A 72 ARTARZ L, WIStk A BEZEM SERHRIAEREBLEFTTRLTOET)
11. https://en.wikipedia.org/wiki/Red herring

Rzt 201748 2 H14H
1 Moraryusy b
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WaxiE, 20174E 4 AI9HOK 14K X 0, IRy 25 A UL 05 R L AR REMEON KR
2BESHEBIIB VIR SN, MR E I RMTIRSE A,
HUMATHEEZEOTUBKRTH Y, EXIZED BN VL), WINoaREd HEE ) K Iz,
AL BT H HIRIER B OMYEBI L 2wz L, BE
WA L7z FRARFET %, BIZICTH 1 R PIHA B S /e,
PR ORI L) MBS RIS, BRI
s g MBI E AR E SN, B ANEE RO ARFHER
20164 BEFEH + B AR Ry YOPATHHIBZ S E I Nz FOHB, REEIHITT
20174EBEZERTI 3 X O 5 Bk BARE 2SR — s B b s, HriHS R
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