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Because the main pipe is connected perpendicular to the flow direction inside the
distributing header in the inlet casing of the helium gas compressor design of GTHTR300, the
main flow flowing into the header tends to separate from the header wall and to cause reverse
flow, which increases flow resistance in the header. This phenomenon increases the total
pressure loss in the header and inlet distortion, which is considered to deteriorate the
aerodynamic performance of the compressor. Tests were carried out to evaluate the effects of
inlet distortion on aerodynamic performance of compressor by using a 1/3-scale helium gas
compressor model by varying a level of inlet distortion.

Flow was injected from the wall of header to make circumferential velocities uniform before
and after the reverse flow region to dissipate the separation and reverse flow. At the design
point, inlet distortion was reduced by 2-3% by injection, which resulted in increasing
adiabatic efficiency of blade section by 0.5%. A modified flow rate at surge point was lowered
from 10.0 kg/s to 9.6 kg/s. At the same time, pressure loss of the inlet casing was reduced by
3-5 kPa, which is equivalent to adiabatic efficiency improvement around 0.8%. By setting
orifice at the inlet of the inlet casing, the level of inlet distortion became 3 % higher and the
adiabatic efficiency of blade section became 1% higher at the design point. The modified flow
rate at surge point increased from 10.6 to 10.9 kg/s. A new correlation between inlet distortion
and adiabatic efficiency of blade section at the rated flow rate was derived based on
compressor-in-parallel model and fitted to the test results.

An overall adiabatic efficiency of full-scale compressor was predicted 90.2% based on the
test results of efficiency and Reynolds number correlation, which was close to 89.7% that was

predicted by tést calibrated design through-flow code.

Keywords: Gas Turbine High Temperature Reactor, Helium Gas, Compressor, Inlet Casing,
Inlet Distortion, Separation, Reverse Flow, Distributing Header, 1/3 Scale model, Adiabatic
Efficiency of Blade Section
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ANYILAHAGRREAY 7 4 AFRBETHIE L /2. EMREBOEIERE, BAr—2 > 7BLN
M= P T OENRRERND DI, EMEEGAS T — > AOBRE B Lt —
CHOBEETAYTATAOBELRBEORERITD . #EIL. AHR4 SN OEFELE
EIVTEHZEU L, BELBEOFHINL. TNENT IOV ) A—F & T MEAENZ
Anwk, TRENOFRKEEIZFHIMED £0.025% & £0.36'CTH 5,

BAINIZB T 280 H—DREE % Fig. 6 ITRY.

BABOEA B IOMBRZRD Z7-012. AORKAER CLTFTIGV &iE9) siBLUHO
RANE (BT OGV &RT) B T2EBEEEEZSAILE. 2BE2ER. 2hETh, Tuo—T%
AR 4 REAL T ENENO 70 —7 THEE S AT 5 SEHI L 72 3R E S O 10%.
30%. 50%. 70%. 90%& L7z, 2R ELEDFRNICIIREN EXF v )NV TREY > Y —
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ERWE, ¥, 2EBIUCEESHA T O— 71200 TIE. KREZEZRDOEREIRICHB W T
L, ERAICBITBENL. BRELBIUCMASEOFRARER. 2RBIULZEDFHR
EOERBRARICEIDEHRL., Zheh. 0.1%. 02%. 0.9%TH o7z,

IGV BB L OGV B Tid. BES I UEEREZEAMIC 4 REHH Lz, 2EBIOHEDE
RIFE R S BB A QRO & 75 1753040 2 RN Tz,

s — 27 BRI, 6T 7 A N—BEEEMSEM Y- 2REL T, BT OHRT
vy IHVT 5 AERPE L. £ —OREEEER O EER. £hEh. DC—200 kHz,
BELUL 3um TH 5.

2. 1. 4 RBFHEBLUSRHE :
AU AHAFICBIT 5 EEEE T IVEERR T, ARy —2 JAOTOLEEK 0.88
MPa & UEEASRHET. EREEKICBITZRAADICBTREN . RESM. BES.
BEIMADBED LB L OB RECET 5 5EART —F 2E L. '
A2V FFL A =3 VKB EMBENERENOEE LA DI, FEEEOF &
KDmTLﬁ¥—5EW%LTw%bt°:@&é@ﬁ%ﬁﬁ&—xléﬁﬁbtoit‘&ﬁ
7—9yﬁlutiu54X%%ﬁbk%ﬁ&%ﬁbmm%émamftﬁ?—&é@%bf%
WLz, ZOEEQEBRIIT—A2Z2ERALE.
BB, r—A 1BIFEEREHD 113 Ay—=IVOERTHD, yr—RA2RIEBFr—X1REXDEISKZ
NTBEOFy TFHETOBRAOAEREL LERTH S, r—A 2 ORBIRITIE, HEERE
Mr—21X0BLIRBEIDIBBIRTH 5.
HERTIR. EALEYRNBELZE, SETF—FERELL, -8, REMEHRITX
DHAGRZREDEE., ANUTLAHAEN., RENAREEHT 28, ELEREENRET
HEEIERT B HOBERET S,
ALy b T4 A= a 3B TFTOHKICEIDRER L,
@ IGVRITEBMC 4 St L-2E EHEQHIMEN S, IGV Al s rR#EZ5E L, £
OEFESFE (1) RSTRTZABEKIICLVRERT S,

Q@ LFLBEEORMESASRICRERSH, BEZEBHAAEICEL TREMHL T2
FEEHRIM B TOEZHET S, BEOFEMERAVWTHRELZFET 5.

® A2V YRFLAP—a> 1D OKREIZZAERIIOEENS (3) RTEKT 5.

V=a0+asin0+bcost9=a0+Asin(0+a) ------------ (1)

A=~,a2+b2 ................ (2)

ID = A . (3)
| V2a,,

F, BHTHEEOMBNERETIT S0, EHEEADENZ 0.193 MPa 5 0.889 MPa
FTEZTEHRBTTIINORET—FZ2REL. ZHICXDEHETTIVOMERDOL A /K
EEMICET oA EEH L .

2. 1. 5 FuTrIUT75ADREHIE
FuTINTT Lo AEMNILTNITBIEEZ YT I O ABEMEREINS, NUTLHAE
MEETIIRAENAKENWZD, BEIICHTEFv I 7UT I ADEIBHMINIKEL RS,

_4_
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FoTIVT T RIIEEICRESEEL, TFIIVTIO0.1 mm EE THRE 0.7%m L L, =i
T 0.3 mm BEHTHIEICIDNENK L XFELETBERBEOSNTWS, —FH, Fu T 7Y
T UAERMITT B ERRE S — O TNEMT 5, BRI, -2 00— 053
K. KH., BLOHFICLOERTEED, FoT U7 I ANBDTE20TH 5,

BIICE D, BEFAOF vy T UT 5 ANRK 0.4 mm METEZED1Z, BIEHOFy 7
DUT I RAEED. ERERKIZBIT ST —3 0 7 ORENM & BE W@%ﬁ#%é%h%
N Fig. 7,8 1TRY ., O—% LEROBEN ERLEHOBITHERZZNTN Fig. 9, 10 IZRT.

BIRPICHEERDEF v TV T 5 ADFERKR%E Table 4 IRY, BOAMCEZO—5D
RERFEANOMY, BRI BITZRMY, FHr— 7 ORMN, BZH, HHsr—2 >
TOBMNCEBF v T2 UT 5 ADBRIZDNTIE. BREREICLZBERMITICL D E
Bl iZmBIcoo—NRLETRIEICEDF Yy 72U 7S5 A0EidiSZMEDE
EEUKGEREN S, BIZBRICEI D O—F MR ET S I &I B EMITEE R VSR DR 5
NS, EHRENC X 2 ELIIIREET N 5. FHRER O X < FHARZEIIERIC K VMG L
T BERPMEERDZFy T UT 5 AL, LEEERBEORHICKREIAREZRELZETHD,
THRIAT0.54 mm. B2 0.63 mm TH S,

BIbRFF» 7OV ST BEFOF Y T U T T 2 XA 0.4 mm. B/NERIA 0.35 mm
ERBEDITREL, 2B, Fu 7 U752 X, W%, By — 2R BIEEE T,
O—% EEFEZTWELNCK VBRI 2EHER TR/NERD, TOE, EFICRDIIRNTF
TN T G ANKELRD, o T, ENEBOBABRHE LMUOF Y T2 UT 5 ANE
INFOTIUTIAERBEDIT, BIERFv T IUT S X2HRET S, Fig. 1112F v T
U??yxw ZLOBEE, BIERF Y T2V T7 5 AOBRERT, BIEBFY S 7UT S

REMZ LM 0.69 mm. T 0.59 mm. ##0.64 mm &9 3,
mk‘%m@ﬁm‘MEﬁtiaﬁmﬁ¢ﬁ‘@%%@&%&%%viﬁU?in®%M%
EERUMEIZELY, RBRTIE, Y—CHRZ2RRZBERENN S —D0REZEELRTN
2 5kn, = A TIIIBEEIE AT A0 T, MllSOs U7 S5 AN 0I5 TRENd
BERET B, WZERTEMREMED 230 umer /25, O—F DR D BNIT L B ERIBH
24%EETHE, FyTI7UT S AOEDRIZ0.272 mm EEHEEINS,

Fu TV T 5 ADOEZERBREMIT G U 7= FI % E il D3R EHE & 2HAlfE % Table 5(a)~(c)
IZHBRLTEED S,

MOBRBICTEEFOF T UT 5 AEFHRL T, O MME S FBHTREENE < —BL
Tl EMS, FBEFEOZLEZHRATHIENTE R, §Hl A5 A% Fig. 12 1277,

ANUTLHZARIZBW TR L AZF v 7 U 75 AOMIEM 2 Fig 13 ICRT ., F
TN T S ARERBGENODTREMEARD, ERLAEREEENICIS —HLTNS,
E7z. %3?5L£H5#ﬁa%¢0i%ﬁ®?/7bu75>x@#mmm%mﬁ%&;<~
Bl
MHEIPICBIT2EREEARR THALZF v 77U 7 7 0 A0 REEKER % Fig. 14 10R
To FTIUT I UADGISRIIBIERELS BT B L2HATE, ZhiITkD,
HBERF Y TV T S5 XD EOR YUY EHRTEIENTE 2,

2. 2 HEBRERBIUVHM

2. 2. 1 HSEEEOHEECLSHELETM

SEEREDERIZED 1 Ly T4 XA b= 3 > % Fig. 15 ICHEKT 5, S IEEE 25 L7235
BDAIILY bTFAAM—=alid, HREEDITHML TR EAFRBTIE5~6%BRETH 5=,
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SIEEREEBEGELZEE. 1oLy b4 A=Y a VRFBRIKGEE TITEIE—E TH 3%
FTERT B EMNTER, MERERHHETEIEICED, 1 2Ly FFL A M—a YK
BTERE, £, 12Uy b F4 A= a i, —IURiAEE2RE,. RENEMLU THEN
BET—EIRBETELIEEZHENITER, —F. FEREEZERTHIEICLD, —TUR
BHECBITET Ly bF 4 A R=23 K 7%0 58 5%ITIET L7z,

SISERER © OIREE TOER LSBT S IGV fiZ2ES. IGV fifES . OGV E2H
375, OGV ¥R FE 424t . A NERE 24 % Fig. 16~20 IR Y .728. 7 5 7NO EBE T 335°
TIGV #i2ENE L. TEEOKMUTEEMELS 8oz, IGV BIZFEDEAMDZEITHK 1 kPa
BETH- =, IGVRTOBER., ERELETRHIEL. BHMIK 3 kPa DENH > 7. OGV
BEEIR. 0 BEHTRAMERD, FAHFMIC 2~5kPa BEDENH o/, OGV BOFEIL,
360° METHRGE L VAH K 5 kPa DEND - /2. RIINOEEIIEH RN HEATH 20 kPa
DENDHo T, BHINTOHREDET, EIADTBIDBEDOEITHAKREL, EMHEORES
NTRAMIZBENKESERDZENDM Tz,

SEELERE L OB TOERK A (Case 1 RUN14) BT 5 IGV MIREDA. IGV Hi#HE
5%, OGV BEENE. OGV BBEN . BIINBEN % Fig. 21~25 IR . IERESR
D O&HERBEIC, FEEREETIGVRIEZENEL., FREDORMUTEEMESZ> 72, IGV
RIEEDE S HIDE 2~3 kPa BBE L DEEEAR D ITHRXKEN > /2, IGV ATOFHER. EE
ERETRBELS, BAAHMICK 4kPa DENH -z, OGVEL2EIR. 0° EETRAELED,
AN 2~5 kPa fREDENH - /2. 0GV BO#ENL. 360° L TR HE S AH MK 5 kPa
DENRD - -, BAINOBEL. FHRICRATRH 20 kPa DERH - 7z, FIEEER D OFKH
LRAkEIC, BPINTOHREDZEL. BAIADICBIIZEEDOEITHRNKREL, EMRBEORINAT
FBHICHENKES RS Z &Moo, SEREZERT S I EICKD, IGVRIOZES
AN HICHBE I NgEINZ. ULhL, BAINOBENEARICRKERENDNZZ EIZD0
ThREEAE®EEI NN DTz,

SEECEAR D DBED IGV RN BT 2 REN A % Fig. 26 ITRT . FBEEELOHE. Ei
R THRENE LS . EREDORKMUTHEINELS 2o/, BEOEIX 10m/s BETH> 2. o
RS L DA ITBT 5 IGV #iOFH#2 % Fig. 27 \ORT . MEDZEITIN 15 m/s THY. 77
WEEA DICHARKEN -2, PEEEEZER TS &K, RESMNEHIIEBE SN,

M ORFIBE ., BARRER, WOCRIEBERICN T 2 2EEEOFEICLS
2R, ThTh. Fig. 28(a), (b), Fig. 29 IZRT.

FEHRFR (12.2 kgls) BETIR. 1Ly T4 XA b= aid, FBEEELOHEITIEN
5~6%. ﬁlﬁﬁﬂ%%#&,’@% LEEED 35%& L TREL o7, AUEIBEAL T, 2
FEEL OBAICHEL THKEER D DBSOEEREN 0.1 ke/s BEASRBAICBIT L.
ERFE TOEFEMADRZ BTS20, BAMEALEREREERERNOANAL.
SEELER D OBRITB I 2 RFIENEZIR LB L,

TRAKEZNLIE570D, FEEEELOBEEFIIBWT, ERIEETORSIFES L B
RHRELZERENSHEL T, TS5 QRNEED S BAMBBRLZEHE Lz, AFHICEEN
HREZEALUTERLZEERZR W, RERE—EORHTIE, EALIZHBOEROH
¥Thd, £o T, BEE—ERETER. EHERBREO 2REETERMTESEEA T, 272
L, =Y HiESEBLU0TF a —7BEEE T, EARREREENELT 520, FUHKRTIEE
PILEBETIE 2 EREL D, REREKRERD, TOED, 12BRE 92TV, ELTRE
RAHEEERNFTE2EBRAZKE L, BRIAIBENIHLIZ, 12 REOHER, BEHEN
11.3 kg/s~13 kg/s DHEPH T, HHEE 1 ITHBIT D x 2 3 MHITHB T, % 2080< % 2=0.5< 1 2020 TH D\

— 6 —
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EMHANEZYE TH D I ENHEENORI N, S IEREEL BXOE D OHEORFIRRE R,
PRBEGHT. BEHE3IITBITS L2 BAHEITBWT, FNTh, X 2080< X 2=1.1< % 20.20~ X 20.80<
x2=2.0< 12020 THY. ENENEERRICETZ 2RAKXTERT I ENRYTH B Z EDHEHH
WEBERINz, BERCIDODWTIE, =Y 5GEEYTF a — 7 EEFEBICB W THR_RMENE L
LaWZ EMHSMERo 2. ThsoafRick ., ERHRE TR, BIMEHEN 1.167.
RPIMRELN 1.073 EWRFHINZ, ZHTX D BYIRMBERN 87.9% & FRIE N/,

SELE 2 H T A 2 &ick D, BAIFENLZE 1.167 005 1.171 £TH 0.004 0L, 5
FIRLBEELIE 1.073 205 1.074 I Uz, E DR, BAIFHINEIER 2K 87.9%5 5K 88.4%IZ
F10.6% L7z, TOER, REBORERELVNEL, BECLEBREETH D 0.4%F2
ETHD2D, ARBEZELEEVENVDOD., SIEREZEHET S EICLD. REHHRITBW
THEINDTHCHET B I ENREI N,

BEDEDITEBDA LY RNT A A =23 IBWT, ERKRRICBITDEFIMESL.
HPMREL., RIEBNREB/DIENTEEZDT,. T2V bF4 A= 3 2i0 Dk
DEZNFIZE D FRT S, WITERMETTIINICESEE, 12V RTF4AR—2a3 RN0D&
E, FAREREROA LY FFA4 A= a JIIHTBHMEZ0 &b, EAKIZDNT
RIELTOED &5,

ROEEA T, ERLOBRNS, ERRRAHE T, BERRD 2R TET I ENTE,
Iabhb, .

Jt(Q)=aQ2+bQ+c .......... (4)

WITEMEETIVICED, 12V hF4 AM—2a AQ/QBRET S &. FHHEFIFE
A moBUTORERD, woDA 2Ly bTF A4 A= a VITKBMMRED, 1Ly bF
AAR—=2a B0DEHFTIRO ERDZENDNS, '

. _7(@+40) +7(Q - AQ)

° 2

_a(@+AQ) +b(Q +AQ) +c +a(Q - AQ) +b(Q - AQ)+c
, 2 e (5)

=aQ2[1+(éQ2) }+bQ+c
7, =aQ2(é‘Q“) +[aQ2 +bQ+C]=A1(—“Q—) +B1 .......... (6)

dr =0 e e e e e e e e e (7)
o)

(2

TR, BIMENLZA VY FFA A =23 JICBT 3 2 KRN THEYUT DI ENTE
B, TOZEW, TRICRT EBVFERIIMEA L ZREMEFLEY TEHL THEDST, F

...7_
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BEHMEARE T DL Ly bTF 4 A= a JITXBWAMRES,. 1Ly }‘T/(Z k=3
SO DRBETIZ0 ERB T ENDN S,

_(0+40)-7(Q+A0)+(0 - 40)-7(Q - AQ)

° 2
_a(Q +A0Y +b(@+A0) + (0 +A0)+a(0 - AQY +b(Q - AQ) +c(Q-A0) | (4,
2
=aQ2[1+3(AQQ) ]+bQ[1+(5QQ) ]+c
=baQ2+bQ(éQ- +bQ2+bQ+cLu@(éQ) 4B, e (9)
Q Q
dn 2 AQ
0 = 2|3, b s o S L (10)
d(—A—Q—) [3a07 + QI Q)
e

¥/, BIMRERICOWTHRKICTRD 2K THEBT S I ENTESDT, RIIFERE
a4 Ly hFA A =23 icBT 5 2 KX TEMTHIENTES.

AN o
7 A3(Q) +B3 (11)
Sl EoEBHEER (9). (11) OfF%KAL. Bz, BRNERERIILVHABRERZANWTHE
Liz. ZOE, Ai=-1.964, Bi=1.173, As=-0.5834, Bs=1.074 ##%7/%., o T, HFIMK#ARHR
Z, LTORICEDRDBZENTES,

k-1

no( x ) -1

Mo 7, -1 :

ALY RFA4 A= a 00 EE0REIMENL, BAIMEEL, BIOHEFIFEEL)
RENET D E. FNEFN. 1173, 1.074, 88.7% Tho7. 1Ly bFt A b= a3 D 6%
DOHMEE EDEZ, F1EN. 0.007. 0.002. 1% THok, TNS5DEIRDVTIL, KETr—
A2 EHEKT B,

AIEEE 2 LB S SR LR EBEIDOWT, U—UREHICBIT 2 EMmEHA D
RIS EEERBEOREELE, FNEFN. Fig 30 & Fig.31 IRT. U—YRITBWTHH
WBAELEETHIENMONTNS, IS —YHOEBERRIL. SERERD EELOS
BT, FNTN. 9.5ke/s BXT10.0kg/s THo ., RIIMENILIL 1.202, 1.201 £2D &
A ETAE o T2 BREBRITIEA DLy T4 A= a URIKEREDERTIEEALE
MIxo 20, P D ERRNRR o, Y — VIR TIIEFIN THARNICRENFEET 57
D, BAINHEBEORE HHIDENKEL B EBHSNTNS, FEREZERIT DI LITLD,
H—TURICETWERETD, DIEREELOBEICHRTI VY bF4 A h—a 2k E

]

~
e
[\
~
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<IsTIC. BIADWRES AP Lz THEEEIONS,

HREE 2 EG LB E . ERAEBICB T 2Ar— A OMEEKIZH 2kPa T
Hol., NERHERLDOBEE. K 5~TkPa Tho/z, DEEEEEGET S EICLD, Ay
— O HAOBENBEER 3~5kPa R L=, i, EHBEKEXRTIWA— >
FAOOWEE, DIEEEEERTD I EICXVERLZZDTH 5,

FEIRVHEITHNIE, ERTECLTHOEEN . EESMILDSRNWEEZBNL 0,
TRORICED, EFINVORBRERNS, EGAY —> > VOENBEEHETZ 2 ENTE
%,
(RO E SR L HEEH)
= (BITCKSETIVOENEK) X (HOFEDL) 2X (REEER) - - - - - (13)
Bor o — 2 7 DESBEHEEEISIEER O TH8 kPa. D IEEE L TiIH28 kPa TH > 7=,
TIEERLE EERT A I EICLD, MERICL T 0.8%F L3 5,

2. 2. 2 FVYUT4 ADOEFEITK DMEEZETHE

FV T4 ADFEWITKBM Ly T4 A b—a % Fig 32 ICHEKT 3,4 70 ZELD
BEDA Ly b T AR—alid, RBEEDITHML TERFHEETIX 2%BETH- =,
FUT 4 ABVDEE, ¥6%ERo7, ¥—X2Tld. ¥—RX 1 OISR EE LAy — %
BREFHALTOWER, 5yr—X 10 6% EHRLTA 2Ly bF4 A= alETFLE.
BT B0, WHETREFNNOBRELFENRZ>TNBEED, ¥—X 1I2BWT. BHHRDZ
TREICIERFRENRE L 2D EEZ NS,

FUT 4 AEURETOD., EHiEHE (Case2RUN 1) ITBV 3 IGV BiLESF. IGV BigkE
. OGV BEEN . OGV B#ENMI. BIINBESFi% Fig. 33~37 1IR3, ¥—A1&
FRRIC, FEEHSESTIGV Mi2ENE <, ERE O KM TEEMEL ko . IGV #ILERRE
HRDEMN 3kPa FBETH o /=, IGVHIOHEIL. 7—RX 1 LB H 2R, REELE
THROLEL, AR 4kPa DERH -2, OGV BEEIX. ¥—A 1 LIS, 0° EHETE
KEEZD, AHENC 2~4kPa BEDENH o7z, OGV BOEL. FHRICK 5 kPa DEMN
HV, 360° HBETHRO EN D, BIINOHERL. BHROENSKkPaITTHD, ©¥—2 1
WWHRTIHEBIENWETH /2, F—ZA2TiE. ¥—R 1 EZELD., BAINTEARNZEEDN
KEL BRSNS E8bho =,

FU T4 AEDDBRBITONT. ERIELE (Case 2 RUN 3) 2B 5 IGV fiLESE. IGV
HIfFE . OGV BEEST. OGV HEES . BIINEED 1% Fig. 38~42 1077, i
BT IGV fi2ENE <, FEE O KM TE2EMNMEL f2o 2. IGV BT2EL. FH I 5 kPa
BEOENH -z, IGVHIOBEL. TV 74 RAELOBEERUL,. IRELETEDEL,
FBTENZHK 4kPa DENH o 7=, 7 —A 11285 IGV BiESM EdR - 7. OGV BLE
W =1 ERRIT, 0° BLUB60° EHETRELS D, FAHMIZ 2~5kPa BEDENSH
7. OGV O EBETRAFITH 4 kPa DENBH V. 360° BHETERDLEN > -, BHNOHBTIT,
FUT 4 ZAELOHEERUCEMZRL., BABOENH 3kPa L FTHY, r—R 1ITHRT
BOT/HANIRETHF. T—X2 T, FVTALAZDFTAIUVY NFL AN a5
KLTH, F—RA1ERERD, EMERFIINTEAFRMIZBENKESERS NI ENbh >
7o

FU T4 AELDOFED IGV BT BT D HEN MG % Fig. 4313577, U 74 ZEL DHEA,
FEEILG THRENES , EEEO R THEMBL Bo /. HEOEL 5 m/is BETH- 72,

AV T4 AFVOFFITBITS IGV fiOFHES % Fig. 44 1ITRT. AV T4 AT H

._9_
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2D, WEOBHHOENS BITKREL B2/, BEOEZ 15 msBETH . AU T4
ADHBICED, ADFEOBFROENKELRD, A Ly FFA A= alPREL
277,

2 1 DIEEEEL Er— X204 ) 74 AELETIE, AUEAS— > 7 2fAL TH
5, LOLARNS, 1Ly hF4AR=2ardir—ZX 1 TREK 5~6%. 77— 2 TIEKI 2%
EREREND - Iz, EMERFIINOBED A S MDA NT—Z1 L2 ETRESHARZL>TED,
FAHROENEFEITNEIN—ZA2IZHLUT, =X 1 T20kPafBEETRESZ> TS,
Zhidy—2 1 THOBEREEZ DI -BETHRILTH o7z, Zhickb, r—A1Tid, KAy
— U TRETBA LY MFL A =T a i, ERERMNNTORNIEREDR S mOIEN
HHNEBLTA LYy FF4 A=Y a rBNRELFHAIhEZEEZONS, T—A2TH,
FERGHE BT NZe HERED B F R DENBM E N0, 1Ly hF 4 A= a »PMER L7z
EEZLNS, '

JEAMEHEA I ADF U 7 4 ADFEIZEL S OGV # TOMS FIRED AT F M DEEZ Fig.

45127, E FU T4 RELDOBEEAE D DEAD OGV # TORF A= D & 75 7734 2
Fig.46, 47 IR Y. EHOEHETIZ. 1Ly RF4 A b—2a  atid5icbhhbb5d, OGV T
BFE4 A R-varamEainse. BRNT, BAREES 2 W OGV B TRARENNFELEL
TRAFROEADGRBEEINT A A M- a BB Bo2EEZ5NS, LML, EiREFIR
BEUOY—TEEET, OGV BTOTF 4 A h-Ta i¥lmliz. RETFEHE TSI
FINTF 4 7 a—BFNOENDEHN. IS OHBREBTREL LD, OGV B TORE M Z HN
EEEDTHEEEZILNS, '
- ERERORFIMES L, RPIMEREL, WCRARFRAIRICHT ST 1 AOHRWTK
L8y, FNTN, Fig 48(), ). HNT. Fig49 iTRT. EHAE (12.2kg/s) EHE T,
AUy bF4 A=Y aid, AU T4 ABVOBRBITIERK 6% LD, U744 AELDOES
D 2% EHB LU TRELRS, FU T4 ZAFVDFEAICHBEL T, FU 74 AEL DRFEORS
MIEH S BARRET. 2hFh. £ 0.009. BHHEELKIZ 0.002 M LU, R
B 1% LU, 1Ly RF A4 A =23 2WEAT 5 Eick D, FUEERRE TOR#E
DENM LU,

B TR =R (9). (1 1) O AL BiZ, R/NEREICIVRBRERZH
WTEHEBELE, ZOHE, Ai=2.938, Bi=1.167, As=-0.8331, Bs=1.072 1§/, 7 —X 1 L
ONFHEIZED ALY FFA A= a N0 0BOEZ2AE L. BAIRE,. BFIFR
B, BEORAIKMBNEDOA Ly T4 A= a N exDBPEEDEEEDE, TNET
. 0.010. 0.003. 1.8%THholz. INBid, r—ZA 1RERENKEL, F—A2ROHN
=21 EHBLT, 1Ly hTF4 A =23 VM UTEBRICBET D 2 EZ2HONCTS
ZEMTEE, FU T4 AELOBALFVOBATBI 20— IR EAHIE, ThEh, 1.202
£ 1.193 £ D, (BEHRRIE 106 ke/s & 109kgls E78072. 1Ly hF 4 Ab—a O
MEEHIEALIMETL, BERENEML -, BITEFBEET VKD Ly T4 A
—2 g MN0DEEDOY—JEBERBOFRMMEIE 104 ke/s, —J HEHTEA ) 714 RAEL
TIEIFEALRNRBICH L TIFIEF—FHEERDZ NS, EARIBEDST 1.202 ETFHRIENS,

2. 2. 3 EREMEEEOTA

FEMGHERSIRIRL (1-n) DU IV AEEEEICHE T 288 R % Fig.50 IRT, RFIRMA
BF LA I INVEAEEEBITETTBH, L1 IV 4X105 & D KEWER TIRHBRITEL
Lisiao7z,
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EREME OB S, RNV A VIV ABORFRIIKEFATEEL T, EREETINOFHERD
BRI TR TERENSD 10, 2B, L1 /IIVZEE Ea— REXEEE SHERE ThH 5,

1-1n, =(Rem)n ....... (14)

1-n, Re,

ZZT, n: AR hOo—7%hE
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Table 1 Main specification of helium gas compressor for GTHTR300

Inlet/Outlet pressure [MPa] ' 3.53/7.05
Inlet/Outlet temperature [°C] 28/139
Rotational speed [rpm] - 3600
Number of stages [-] 20

Rotor diameter (1520 stage) [mm] 1500/1500

Rotor blade outer diameter (15t /20 stages) [mm] 1704/1645

Hub-tip ratio (1s/20' stages) [-] 0.88/0.91
Rotor blade height (15720 stage) [mm] 102/72.5
Stator blade height (1Y20" stage) [mm] 101/71.5
Number of rotor blades (1st/20t stage) 72/90
Number of stator blades (1s4/20™ stage) 94/116
Flow coefficient 0.51
Work coefficient 0.63
Reaction 0.75

Table 2 Comparison of main specifications of the actual and model compressors

Model compressor | Actual compressor

Rotor diameter [mm] 500 . 1500
Rotor blade tip diameter {mm]) 568 1704
Stage number 4 20
Rated rotational speed [rpm] 10800 3600
Rotor blade tip speed [m/s] 321 321
Numbers of rotor / stator blades 72/94 72/94
Chord lengths of rotor/stator blades mm] 26/20 26/20
Span lengths of rotor/stator blades [mm] 33.7 101
inlet pressure [MPa] 0.88 3.59
Reynolds number 7.55x105 9.0x10¢




JAEA-Technology 2005-007

Table 3 Measuring items

Measuring positions

Measurement items

Number of points in
circumferential direction

Compressor inlet

Static pressure at wall 4

Temperature 4

- Before inlet guide vane Static pressure at wall 4

Total pressure by probe 4

Static and total pressure by traverse 1

Temperature at wall 4

Total temperature by probe 4

After outlet guide vane Static pressure at wall 4

Total pressure by probe 4

Static and total pressure by traverse 1

Temperature at wall 4

Total temperature by probe 4

Compressor outlet Static pressure at walil 4

Temperature 4

Each vane row

After rotor blade Static and total pressure by traverse 1/Stage
Before rotor blade and outlet guide vane Static pressure at wall 2/stage
Temperature at wall 2/stage

Before orifice Pressure 4

Temperature 4

Orifice differential pressure Pressure 4

Compressor shaft input Torque -

Motor

Current / Power

Mechanical properties

| Vibration/ Noise
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Table 4 Tip clearance necessary during operation

Evaluation items Evaiuation method Displacement
Lower Upper
Lift-up of rotor by bearing Data analysis of -0.066 mm +0.066 mm
bearing at 10800rpm
Thermal expansion of bearing Structure analysis -0.015mm +0.015mm

Expansion by centrifugal force F.EM 0.175mm at the 4t stage rotor blade
Thermal expansion of rotor blade F.EM 0.059mm at the 4" stage rotor blade
Thermal expansion of intermediate F.EM -0.056mm at the 4'" stage rotor blade
casing :
Thermal expansion of bearing box F.EM 0.037mm -0.037mm
and outlet casing ’
Minimum tip | Rotor vibration Unbalance mass 0.272mm 0.272mm
clearance response analysis
during Margin Engineering judge 0.1mm 0.1mm
operation
Measuring error of tip Experiment 0.03mm 0.03mm
clearance at 0 rpm
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Table 5(a) Comparisons of design and measured initial setting tip clearances
(Case 1, 0.4 mm)

" Rotor Initial setting value [mm]
blade Upper Lower Left Right
1st blade | Design | 0.65-0.70 | 0.54-0.59 | 0.59-0.64 | 0.59-0.64
row Measured 0.67 0.59 0.62 0.59
2rd blade | Design | 0.65-0.70 | 0.54-0.59 | 0.59-0.64 | 0.59-0.64
row Measured 0.66 0.57 0.62 0.61
3rdblade | Design | 0.65-0.70 | 0.54-0.59 | 0.59-0.64 | 0.59-0.64
row Measured 0.66 0.55 0.62 0.63
4thblade | Design | 0.65-0.70 | 0.54-0.59 | 0.59-0.64 | 0.59-0.64
row Measured 0.68 0.55 0.62 0.64
Stator Initial setting value [mm]
blade Upper Lower Left Right
Inlet Design 0.564-0.59 | 0.59-0.64 | 0.59-0.64
Guide | Measured 0.57 0.63 0.62
Vane
1st blade | Design | 0.65-0.70 | 0.54-0.59 | 0.59-0.64 | 0.59-0.64
Tow Measured 0.67 0.59 0.62 0.62
2nd blade | Design | 0.65-0.70 | 0.54-0.59 | 0.59-0.64 | 0.59-0.64
row Measured 0.65 0.59 0.63 0.64
3Jrd blade | Design | 0.65-0.70 | 0.54-0.59 | 0.59-0.64 | 0.59-0.64
row Measured 0.66 0.58 0.60 0.64
4thblade | Design | 0.65-0.70 | 0.54-0.59 | 0.59-0.64 | 0.59-0.64
row Measured | ~0.67 0.54 0.59 0.63
Outlet Design 0.54-0.59 | 0.59-0.64 | 0.59-0.64
guide | Measured 0.57 0.62 0.62
vane
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Table 5(b) Comparisons of design and measured initial setting tip clearances
(Case 2, 0.3 mm)

Rotor Initial setting value [mm]
blade Upper Lower Left Right
1st blade | Design | 0.65-0.70 | 0.54-0.59 | 0.59-0.64 | 0.59-0.64
row Measured 0.67 0.59 0.63 0.59
2nd blade | Design | 0.55-0.60 | 0.44-0.49 | 0.49-0.54 | 0.49-0.54
row Measured 0.57 0.48 0.53 0.51
3rd blade | Design | 0.55-0.60 | 0.44-0.49 | 0.49-0.54 | 0.49-0.54
Trow Measured 0.56 0.46 0.52 0.53
4th blade | Design | 0.55-0.60 | 0.44-0.49 | 0.49-0.54 | 0.49-0.54
row Measured 0.59 0.45 0.53 0.52
Stator Initial setting value [mml]
blade Upper Lower Left Right
Inlet Design - 10.564-0.59 | 0.59-0.64 | 0.59-0.64
Guide | Measured 0.58 0.63 0.63
Vane ] :
1st blade | Design | 0.55-0.60 | 0.44-0.49 | 0.49-0.54 | 0.49-0.54
row |Measured | 0.56 0.49 0.52 0.52
2nd blade | Design | 0.55-0.60 | 0.44-0.49 | 0.49-0.54 | 0.49-0.54
row Measured 0.55 0.49 0.53 0.53
3rdblade | Design | 0.55-0.60 | 0.44-0.49 | 0.49-0.54 | 0.49-0.54
row Measured 0.57 0.47 0.51 0.53
4thplade | Design | 0.55-0.60 | 0.44-0.49 | 0.49-0.54 | 0.49-0.54
row Measured 0.58 0.44 0.50 0.52
Outlet Design 0.54-0.59 | 0.59-0.64 | 0.59-0.64
guide | Measured 0.57 0.62 0.62
vane
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Table 5(c) Comparisons of design and measured initial setting tip clearances
(Case 2, 0.4 mm)

Rotor Initial setting value [mm]
blade Upper Lower Left Right
Ist blade | Design | 0.65-0.70 | 0.54-0.59 | 0.59-0.64 | 0.59-0.64
Tow Measured 0.67 0.59 0.62 0.59
2ndplade | Design | 0.65-0.70 | 0.54-0.59 | 0.59-0.64 | 0.59-0.64
row Measured 0.68 0.59 0.64 0.63
3rd blade | Design | 0.65-0.70 { 0.54-0.59 | 0.59-0.64 | 0.59-0.64
row Measured 0.68 0.58 0.64 0.63
4th blade | Design | 0.65-0.70 | 0.54-0.59 | 0.569-0.64 | 0.59-0.64
row Measured 0.68 0.55 0.64 0.63
Stator Initial setting value [mm]
blade Upper Lower Left Right
Inlet Design 0.54-0.59 | 0.59-0.64 | 0.59-0.64
Guide | Measured 0.58 0.63 0.62
Vane
1st blade | Design | 0.65-0.70 | 0.54-0.59 | 0.59-0.64 | 0.59-0.64
row Measured 0.65 0.58 0.62 0.61
2nd blade | Design | 0.65-0.70 | 0.54-0.59 | 0.59-0.64 | 0.59-0.64
row Measured 0.66 0.59 0.63 0.63
3rdplade | Design | 0.65-0.70 | 0.54-0.59 | 0.59-0.64 | 0.59-0.64
row Measured 0.66 0.56 0.61 0.62
4th blade | Design | 0.65-0.70 | 0.54-0.59 | 0.59-0.64 | 0.59-0.64
row Measured 0.68 0.54 0.60 0.62
Outlet Design 0.54-0.59 | 0.59-0.64 | 0.59-0.64
guide | Measured 0.58 0.62 0.62
vane
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Fig. 11 Transient values of tip clearance during operation
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Fig. 14 Rotational speed dependency of tip clearance
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Fig. 54 Circumferential velocity distribution along distributing header
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Table A-1 Test schedules and conditions

(Performance test-1: Case 1 Inlet pressure from atmospheric pressure to 0.883MPa)

Test number Date Time Inlet Inlet Modified |Overall {Rotationalltest item
pressure temperature|flow rate |pressure |speed
(PI-1) (TE-1-1) kg/s] ratio [rpm]

2/23/2004 |23:30:03 0.05200 8.572 |0.0-15.06 |1.0-1.029 [0-10938 [Start-up test
2/24/2004| 0.03:16 0.04489 8.552 13.16 1.127 10935{Peformance test at lower pressure
2/24/2004| 0:09:32 0.04489 8.984 13.15 1.130 10920|Peformance test at lower pressure
2/24/2004] 0:14:32 0.04388 9.187 12.62 1.148 10932{Peformance test at lower pressure
2/24/2004| 0:18:27 0.04388 9.390 12.60 1.148 10926 |Peformance test at lower pressure
2/24/2004] 0:20:38 0.04388 9.364 12.62 1.148 10923 [Peformance test at lower pressure
2/24/20041 0:26:06 0.04286 9.568 11.90 1.167 10848|Peformance test at lower pressure
2/24/2004] 0:29:32 0.04286 9.695 11.95 1.170 10734|Peformance test at lower pressure
2/24/2004| 0:41:00 0.04185 9.974 11.03 1.189 10947 {Peformance test at lower pressure
2/24/2004| 0:43:30 0.04135 9.974 11.00 1.196 10929]Peformance test at lower pressure
2/24/2004| 0:49:49 0.04135 10.101 10.45 1.203 10935|Peformance test at lower pressure
2/24/2004| 0:50:54 0.04135 10.075 10.45 1.203 10935{Peformance test at lower pressure
2/24/2004{ 0:54:39 0.04135 10.101 10.45 1.203 10941 |Peformance test at lower préssure
2/24/2004| 1:02:45 0.04084 10.151 9.82 1.208 10917[Peformance test at lower pressure
2/24/2004[ 1:04:40 0.04135 10.177 9.82 1.203 10935}Peformance test at lower pressure
2/24/2004} 1.06:30 0.04084 10.101 9.86 1.208 10941 |Peformance test at lower pressure
2/24/2004| 1.10:55 0.04135 10.151 9.54 1.203 10929(Surge test at lower pressure
2/24/2004| 2:23:27 0.79003 19.491 15.10 1.023 10728|Peformance test at higher pressure
2/24/2004| 2:30.03 0.77078 21434 14.11 1.087 10929|Peformance test at higher pressure
2/24/2004| 2:32:23 0.78901 21.969 14.10 1.087 7863|Peformance test at higher pressure
2/24/2004] 2:37:28 0.79053 22.820 14.06 1.087 10848|Peformance test at higher pressure
2/24/2004 | 3:01:07 0.79155 24.426 13.55 1111 10860|Peformance test at higher pressure
2/24/2004 | 3:03:42 0.79155 24.572 13.55 1.112 10674 |Peformance test at higher pressure
2/24/2004] 3.08:18 0.79155 24791 13.49 1,111 10026 }Peformance test at higher pressure
2/24/2004} 3:15.03 0.79104 25.399 12.91 1.138 10917{Peformance test at higher pressure
2/24/2004| 3:17:38 0.79205 25.594 12.87 1.138 10902|Peformance test at higher pressure
2/24/20041 3:22:29 0.79256 26.105 12.89 1.138 10914)Peformance test at higher pressure
2/24/2004] 3:28:04 0.79053 26.397 12.53 1.153 10908 |Peformance test at higher pressure

CASE 1 RUN 3 {2/24/2004| 3:31:25 0.79003 26.689 12.52 1.152 10908{Peformance test at higher pressure
2/24/2004| 3:38:25 0.79104 26.884 12.16 1.164 10914 Peformance test at higher pressure
2/24/2004] 3:39:15 0.79104 27.005 12.16 1.164 10917!Peformance test at higher pressure
2/24/2004| 3:42:31 0.79053 27.224 12.15 1.164 10905|Peformance test at higher pressure
2/24/2004| 5:17:34 0.79104 27.906 11.98 1.168 10899|Peformance test at higher pressure
2/24/20041 5:20:04 0.79003 27.930 11.99 1.170 10911|Peformance test at higher pressure
2/24/2004 | 5:24.44 0.79104 27.906 11.36 1.184 10899|Peformance test at higher pressure
2/24/2004| 5:27:30 0.78155 28.076 11.41 1.185 10899 |Peformance test at higher pressure
2/24/2004 | 5:38:31 0.79003 28.100 10.30 1.196 10911|Peformance test at higher pressure
2/24/2004| 5.44:26 0.78952 27.881 10.29 1.196 10908|Peformance test at higher pressure

5:48:36— 1.022-
C~1-B-8-4-N0O-1]2/24/2004] 5:50:37 0.84420 | 27.0-24.0] 15.03-0.0 1.003{ 10911-0|Shut—down test at higher pressure
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Table A-2 Test schedules and conditions
(Performance test-2: Case 1 Inlet pressure at 0.539MPa abs)

Test number |Date Time Inlet pressure|Inlet Modified |Overall Rotational [Test item
PI-1) temperature [flow rate lpressure speed {rpm]
[MPaG] (TE-1-1)  i[kg/s] [ratio
2/25/2004 | 17:50:30~ 0.0570- 13.885-] 0.0-7.27] 1.0-1.097]  0-10920|Start-up test
17:53;00 0.0596 14.286,

2/25/2004 | 19:01:20 0.44253 22.991 14.97 1.021 10917|Performance test at middle pressure
2/25/2004 | 19:09:26 0.44405 22.723 14.04 1.083 10908|Performance test at middle pressure
2/25/2004 | 19:11:21 0.44405 22.918 14.06 1.083 10917 |Performance test at middie pressure
2/25/2004 | 19:13:51 0.44456 23.210 14.04 1.083 10908]Performance test at middle pressure
2/25/2004 | 19:20:07 0.44405 23.867 13.50 1111 10914|Performance test at middle pressure
2/25/2004 | 19:22:32 0.44608 24.207 13.45 1.112 10899|Performance test at middle pressure
2/25/2004 | 19:25:02 0.44608 24.475 13.43 1112 10908|Performance test at middle pressure

CASE 1 RUN 72/25/2004 | 19:56:50 0.44659 26.884 12.19 1.161 10905|Performance test at middle pressure
2/25/2004 | 20:39:33 0.44203 26.786 12.14 1.161 10914[Performance test at middle pressure
2/25/2004 | 20:42:22 0.44253 26.811 11.75 1.175 10917|Performance test at middle pressure
2/25/2004 | 20:43:37 0.44304 26.811 11.75 1.174 10914|Performance test at middle pressure
2/25/2004 | 20:45:22 0.44355 26.884 11.76 1.174 10914|Performance test at middle pressure
2/25/2004 | 20:50:58 0.44304 26.884 1178 1.175 10905{Performance test at middle pressure
2/25/2004 | 20:53:49 0.44355 26.981 11.34 1.187 10905]Performance test at middle pressure
2/25/2004 | 20:55:04 0.44405 27.030 11.37 1.185 10905{Performance test at middle pressure
2/25/2004 | 20:56:34 0.44355 27.005 11.32 1.187 10908|Performance test at middle pressure
2/25/2004 | 21:01:34 0.44507 27.030 11.35 1.185 10905|Performance test at middle pressure
2/26/2004 | 21:10:12 0.44456 26.981 10.90 1.194 10908|Performance test at middle pressure
2/25/2004 | 21:12:12 0.44507 26.981 10.97 1.193 10908 |Performance test at middle pressure
2/25/2004 | 21:15:02 0.44507 26.957 11.00 1.194 10908{Performance test at middle pressure
2/25/2004 | 21:23:08 0.44608 27.103 10.82 1.194 10908]Performance test at middle pressure
2/25/2004 | 21:26:18 0.44659 27.078 ] 10.90 1.194 10914|Performance test at middle pressure
2/25/2004 | 21:27:58 0.44659 27.078 1093 1.194 10911|Performance test at middle pressure
2/25/2004 | 21.36:44 0.44760 27.200 10.41 1.196 10908|Performance test at middle pressure
2/25/2004 | 21:38:49 0.44760 27.103 10.40 1.197 10908 |Performance test at middle pressure
2/25/2004 | 21:41:34 0.44811 27.127 10.40 1.197 10914|Performance test at middle pressure
2/25/2004 | 21:44:39 0.44861 27.078 10.06 1.195 10908[Surge test at middle pressure
2/25/2004 | 21:53:00- 0.4562- 26.747-] 12.33-0.0 1.156-1.002]  10911-0[Shut-down test at middle pressure

21:56:10) 0.4866 24896/
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Table A-3 Test schedules and conditions
(Performance test-3: Case 1 Inlet pressure at 0.196, 0.539, 0.883 MPa abs)

Test number Date Time Infet Inlet Modified {Overall Rotational |Test item
pressure |temperature [flow rate [pressure speed
(Pl-t)G] (TE-1-1)  |[ke/s]  |ratio (rom]
2/26/2004| 17:28:34- 0.1047-] 8572 { 0.0-15.09] 1.0-1.029] 0-10938|Start-up test
17:29:55 0,101@1
2/26/2004| 18:00:02f 0.10213 10.659 14.01 1.092 10941 [Performance test at lower pressure
2/26/2004  18:22:24/ 0.10264 11.395 13.90 1.087 10932|Performance test at lower pressure
2/26/2004| 18:24:34] 0.10264 11.445 13.92 1.087 * 1092g|Performance test at lower pressure
2/26/2004} 18:26:55] 0.10264 11.597 13.92 1.087 10929|Performance test at lower pressure
2/26/2004| 18:37:50] 0.09757 11.877 12.41 1.152 10941|Performance test at lower pressure
2/26/2004| 18:47:56] 0.09808 12.308 12,38 1,149 10935]Performance test at lower pressure
CASE 1 RUN 9 [2/26/2004] 18:50:36] 0.09808 12.384 12.38 1.149 10932E§mnance test at lower pressure
) 2/26/2004| 19:28:23| 0.09707 12765 12.32 1.152 10944|Performance test at lower pressure
2/26/2004 | 19:34:54] 0.09605 12,765 11.78 1.168 10944 Performance test at lower pressure
2/26/2004| 19:36:09} 0.09605 12.815 11.81 1.168 10947|Performance test at lower pressure
2/26/2004 | 19:38:19] 0.09605 12.892 11.74 1.168 10938|Performance test at lower pressure
2/26/20041 19:39:49| 0.09605 12.892 11.77 1.168 10941|Performance test at lower pressure
2/26/2004| 19:47:05| 0.09555 12.968 11.35 1.182 10941 |Performance test at lower pressure
2/26/2004| 19:49:40{ 0.09859 13.120 11.41 1.181 10938{Performance test at lower pressure
2/26/2004] 19:53:30| 0.09908 13.095 11.38 1.181 10947|Performance test at lower pressure
2/26/2004| 19:58:26] 0.09859 13.070 11.24 1.184 10932|Performance test at lower pressure
2/26/2004| 20:01:21] 0.09859 13.095 10.86 1.189 10938{Performance test at lower pressure
2/26/2004] 20:02:16| 0.09808 13.070 10.84 1.192 10941 [Performance test at lower pressure
2/26/2004| 20:05:56] 0.09808 13.17t 10.89 1.192 10947 |Performance test at lower pressure
2/26/2004| 20:19:47] 0.09707 13.196 10.26 1.200 10932]Performance test at lower pressure
2/26/2004 | 20:21:03{ 0.09707 13.070 10.26 1.200 10944]Performance test at lower pressure
2/26/2004{ 20:23:33] 0.09707 13.120 10.26 1.200 10929|Performance test at lower pressure
2/26/2004 20:26:18] 0.09707 13.095 10.01 1.200 10929|Surge test at lower pressure
2/26/2004( 20:34:44| 0.10264 13471 12.84 1126 10923{Performance test at lower pressure
2/26/2004] 21:29:48| 0.44811 20.485 13.49 1.113 10911 [Performance test at middle pressure
2/26/2004| 21:32:49] 0.44861 20.777 13.52 1.112 10926{Performance test at middle pressure
2/26/2004| 21:37:19] 0.44811 21.020 13.50 1.113 10929|Performance test at middie pressure
2/26/2004] 21:43:40| 0.44760 21.166 13.51 1.112 10920|Performance test at middle pressure
2/26/2004| 21:50:00] 0.44659 21.288 13.49 1.112 10920|Performance test at middle pressure
2/26/2004| 21:52:31] 0.44608 21312 13.51 1.112 10914{Performance test at middie pressure
2/26/2004| 22:01:06] 0.44253 22,090 12.38 1,159 10920(Performance test at middle pressure
2/26/2004] 22:02:21] 0.44203 22.188 12.39 1.159 10914|Performance test at middle pressure
2/26/2004| 22:05:12] 0.44203 22.480 12.41 1.159 10908|Performance test at middle pressure
2/26/2004| 22:11;12] 0.44152 22,796 12_,37 1.158 10926 [Performance test at middle pressure
CASE 1 RUN 11 |2/26/2004} 22:14:58} 0.44101 22,796 12.36 1.157 losssiperformance test at middle pressure
CASE 1 RUN 11 }2/26/2004| 22:19:03] 0.44051 22.893 12.37 1.157 IOQZOIPerfoﬂﬂaﬂce test at middle pressure
| e — w——
2/26/2004 | 22:23:38] 0.44253 22.991 11.57 1,185 10926]Performance test at middle pressure
2/26/2004] 22:25:08| 0.44253 23.185 11.58 1.184 10926|Performance test at middle pressure
2/26/2004| 22:31:24| 0.44203 23.380 11.56 1.184 10911|Performance test at middle pressure
2/26/2004 | 22:36:24} 0.44101 23.380 11.56 1.184 10920{Performance test at middle pressure
2/26/2004 | 22:39:55| 0.44051 23.477 11.56 1.185 10935|Performance test at middie pressure
2/26/2004 | 23:16:13| 0.79205 27614 13.03 1.128 10908|Performance test at higher pressure
2/26/2004 | 23:20:04] 0.79104 27.687 13.00 1.128 10911{Performance test at higher pressure
2/26/2004] 23:24:49} 0.79053 21.784 13.04 1.128 10926|Performance test at higher pressure
2/26/20041 23:28:49{ 0.79256 27.808 13.01 1.128 10908|Performance test at higher pressure
2/26/2004| 23:38:40| 0.79155 27.906 13.01 1.128 10905|Performance test at higher pressure
2/26/2004 | 23:47:21] 0.79155 28.392 12.21 1.158 10902|Performance test at higher pressure
2/26/20041 23:51:06{ 0.79256 28611 12.24 1.157 10911}Performance test at higher pressure
CASE t RUN 12 12/26/2004| 23:53:36] 0.79205 28.781 12.22 1.158 10917[Performance test at higher pressure
CASE 1 RUN 12 12/26/2004} 23:57:32] 0.79205 28.806 12,23 1.158 1092(3I:erformance test at higher pressure
2/27/2004| 0:02:32] 0.78155 28.976 11.60 1.178 10905 |Performance test at higher pressure
2/21/2004]  0:05:22) 0.79408 29.219 11.58 1.178 10905{Performance test at higher pressure
2/21/2004| 0:08:38] 0.79611 29.195 11.54 1.178 10896|Performance test at higher pressure
2/21/2004| 0:11:38] 0.79813 29.292 11.51 1.179 10805|Performance test at higher pressure
2/21/2004| 0:17:34] 0.80168 29.487 11.55 1.179 10911 [Performance test at higher pressure
2/27/2004|  0:21:09} 0.79053 29.414 11.53 1.180 10908|Performance test at higher pressure
2/27/2004| 0:24:54] 0.78749 29.268 10.26 1.195 10917|Performance test at higher pressure
2/27/2004{ 0:26:09] 0.78800 29.268 10.27 1.195 10914}Performance test at higher pressure
2/27/2004| 0:29:55} 0.79003 29171 10.20 1.195 10905|Performance test at higher pressure
2/21/2004| 0:.43:22) 0.79408 29.219 10.05 1,195 10905|Performance test at higher pressure
2/27/2004| 0:43:57| 0.79459 29.122 9.92 1.194 10893 |Performance test at higher pressure
2/27/2004 | 0:44:32] 0.79459 29.073 9.63 1.194 10896 Surge test at higher pressure
2/27/2004] 1:17:0t-] 0.1067-| 21.400~] 0-13.33| 1.000-1.106] 0~10911}Start—up test at lower pressure
1:17:351 _0.0971 19.098
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- Table A-4 Test schedules and conditions
(Performance test-4: Case 1 Branch tubes blockage test:
Case 1 Inlet pressure at 0.883MPa abs)

Test number Date Time Inlet Inlet Modified [Overall Rotation |Test item
pressure temperature |flow rate |pressure al speed
(PI-1) (TE-1-1)  |lkg/s] Jratio [rpm]
2/27/2004 | 17:25:51~ 0.1001- 13.183~| 0-14.83| 1.000-1.027] 0-10923|Start-up test at lower pressure
17:27:06 0.0976! 11.579
Performance test at higher press.
2/27/2004| 18:42:39 0.7946 28.635 12.07 1.154 10899 |Without branch
Performance test at higher press.
2/27/2004| 18:45:14 0.7941 28.781 12.15 1.153 10914 |Without branch
Egrformance test at higher press.
CASE 1 RUN 14 12/27/2004} 19:19:37 0.7885 28.927 12.09 1.153 10926 |Without branch
Performance test at higher press.
CASE 1 RUN 14 |2/27/2004| 19:26:32 0.7905 29.000 12.10 1.151 10914 |Without branch
Performance test at higher press.
2/27/2004| 19:34:08 0.7890 29.195 11.33 1.176 10911|Without branch
Performance test at higher press.
2/27/2004| 19:35:33 0.7890 29.317 11.33 1.176 10914{Without branch
Performance test at higher press.
2/27/2004{ 19:37:48 0.7895 29.365 11.35 1.176 10914 Without branch
Performance test at higher press.
2/27/2004| 19:43:04 0.7800 29.390 11.36 1.173 10908|Without branch
Performance test at higher press.
2/27/2004{ 19:45:44 0.7875 29.414 11.09 1.181 10911|Without branch
. Performance test at higher press.
2/27/2004| 19:47:19 0.7860 29.414 10.90 1.185 10749]Without branch
Performance test at higher press.
2/27/2004] 19:48.54 0.7855 29.414 10.50 1.187 10920{Without branch
- Performance test at higher press.
2/27/2004{ 19:50:39 0.7850 29.268 10.39 1.188 10917|Without branch
Performance test at higher press.
2/27/2004| 19:51:09 0.7845 29.195 10.21 1.189 10917|Without branch
Surgee test at higher press.
2/27/2004| 19:51:34 0.7845 29.219 10.04 1,189 10914 Without branch
Performance test at higher press.
2/27/2004{ 19:57:45 0.7961 29.195 12.08 1.151 10908{Without branch
2/27/2004 | 19:58:00- 0.8381- 29.200~] 12.15-} 1.153-1.000{ 10911-0{Shutdown test at higher pressure
20:02:35 0.8412, 25.900] 0.00)
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Table A-5 Test schedules and conditions

(Performance test-5: Case 2, With branch tubes, tip clearance of 0.3mm)

Test number |Date Time Inlet Inlet Modified |Overall [Rotational [Test item

pressure [temperature |flow rate |pressure |speed [rpm]

(PI-1)  KTE-1-1) [[ke/s] |[ratio

[MPaG]
2004/12/11 13:26:10 0.1140 17.636 1.33 1.000] O|Performance test at lower pressure with branch
2004/12/11 13:28:32{ 0.1113 15.638 14.89 1.022 10908{Performance test at lower pressure with branch
2004/12/11 13:31:47) 0.1125 14294 | 1490 | 1.022 10932(Performance test at lower pressure with branch
2004/12/11 13:36:41] 0.1140 14.670 14.97 1.023 10923 [Performance test at lower pressure with branch
2004/12/11 13:58:04] 0.3002 17.869 | 1502 | 1.021 10914}Performance test at lower pressure with branch
2004/12/11 14:17:46| 0.5439 22.908 15021  1.020 10917)Performance test at lower pressure with branch
2004/12/11 14:50:58] 0.7833 20.912 14.90 1.020 10908|Performance test at higher pressure with branch
2004/12/11 15:06:44] 0.7790 32.983 13.75 1.086 10908}Performance test at higher pressure with branch
2004/12/11 15:07:18] 0.7797 33133 | 13.75] 1.086 10917|Performance test at higher pressure with branch
2004/12/11 15:20:34] 0.7767 30.190 13.83 1.086 10911 |Performance test at higher pressure with branch
2004/12/11 16:25:08) 0.7790 29.837 13.82 1.086 10893|Performance test at higher pressure with branch
2004/12/11 15:28:11]  0.7796 29.732 13.82 1.086 10902|Performance test at higher pressure with branch
2004/12/11 15:36:33 0.7740 30.175 12.80 1.133 10902|Performance test at higher pressure with branch
2004/12/11 15:53:19] 0.7796 31.399 1272 1.138 10899 |Performance test at higher pressure with branch
2004/12/11 15:54:43] 0.7796 31.421 1272 1132 10893|Performance test at higher pressure with branch
2004/12/11 16:01:29| 0.7761 31.504 11.98 | 1.161 10896{Performance test at higher pressure with branch
2004/12/11 16:22:13]  0.7773 30.250 12.02 1.161 10896 |Performance test at higher pressure with branch
2004/12/11 16:23:25| 0.7776 30.115 12.04 1.161 10902(Performance test at higher pressure with branch
2004/12/11 16:26:55| 0.7787 20830 | 11.99] 1.161 10884 |Performance test at higher pressure with branch
2004/12/11 16:29:43] 0.7805 31.189 11.30, 1.181 10893{Performance test at higher pressure with branch
2004/12/11 16:35:23 0.7778] 31.166 11.34 1.181 10890jPerformance test at higher pressure with branch
2004/12/11 16:47:24 0.7797 30.010 11.32 1.182 10887|Performance test at higher pressure with branch
2004/12/11 16:55:48 0.7752 29.965 10.57 1.196 10902|Performance test at higher pressure with branch
2004/12/11 16:58:16 0.7769 29.815 10.57| 1.195 10899|Performance test at higher pressure with branch
2004/12/11 17:12:11 0.7782 29.785 10.51 1.196 10896|Performance test at higher pressure with branch
2004/12/11 17:19:11 0.7832 29.732 9.97 1.185 10899{Surge test at higher pressure with branch
2004/12/11 17:19:14] 0.7787 29.740 10.20 1.195 10899]Perforrnance test at higher pressure with branch
2004/12/11 17:20:03] 0.7781 29.687 10.39 1.196 10893[Performance test at higher pressure with branch
2004/12/11 17:22:27| 0.7782 29.680 10.43] 1.196 108901Performance test at higher pressure with branch
2004/12/11 17:32:04! 0.7781 29.560 10.39 1.197 10896‘Performance test at higher pressure with branch
2004/12/11 17:52:35 0.4448 27.713 12.04] 1.160) 10905|Performance test at lower pressure with branch
2004/12/11 18:12:31 0.4463| 30.040 11.97 1.160| 10905[Perforrnance test at lower pressure with branch
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Table A-6 Test schedules and conditions

(Performance test-6: Case 2,

Without branch tubes, without orifice, tip clearance of 0.4mm)

Test number Date Time Inlet Inlet Modified |Overall |Rotation| Test-item
pressure temperature|flow rate |pressur}al speed
(Pi-1) (TE-1-1)  |[kg/s] |e ratio {[rpm]
[MPaG]
2/19/2005 10:33:20 0.1401 10.276 1489 1.024 8703|Performance test at higher pressure
2/19/2005 11:29:24 0.7962 26.205 14.77 | 1.019 | 10905/|Performance test at higher pressure
2/19/2005 11:46:01 0.7929 28578 | 14.74 | 1.019 | 10905|Performance test at higher pressure
2/19/2005 _11:50:46 0.7919 28.608 | 14.71 | 1.019 | 10908]|Performance test at higher pressure
2/19/2005 11:55:42 0.7878 28.764 | 1472 1.019 | 10899|Performance test at higher pressure
2/19/2005 12:21:49 0.7872 29.318 13.65 | 1.085 10887|Performance test at higher pressure
2/19/2005 12:29:55 0.7875 28.113 | 13.64 | 1.085 | 10890{Performance test at higher pressure
2/19/2005 12:34:25 0.7889 27.884 13.65 | 1.085 10890|Performance test at higher pressure
2/19/2005 12:50:46 0.7911" 20355 | 1265] 1.129 | 10881|Performance test at higher pressure
2/19/2005 12:56:12 0.7937 20551 | 12.63 | 1.129 | 10890{Performance test at higher pressure
2/19/2005 13:00:37 0.7949 29.629 12.62 | 1.130 | 10887|Performance test at higher pressure
2/19/2005 13:24:44 0.7866 30946 | 11.94| 1.155 Performance test at higher pressure
CASE 2ZRUN1  |2/19/2005 13:29:10 0.7857 30.765 | 1193} 1.155 10893F’el’f0?‘mance test at higher pressure
CASE 2 RUN 1 |2/19/2005 13:41:06 0.7868 30113} 11.94] 1.156 Performance test at higher pressure
2/19/2005. 13:53:22 0.7982 30.144 | 12.14| 1.147 Performance test at higher pressure
2/19/2005 13:56:22 0.8004 30120 | 12.14 | 1.147 Performance test at higher pressure
2/19/2005 14:04:03 0.7982 30.015] 1214] 1.148 | 10887]Performance test at higher pressure
2/19/2005 15:29:10 0.7968 29932 | 1214 1.148 | Performance test at higher pressure
2/19/2005 15:45:27 0.7868] 30.196 10.72] 1.186 Performance test at higher pressure
2/19/2005 | 15:50:07 0.7859] 30.325 10.71] 1.187 Performance test at higher pressure
2/19/2005 15:55:27 0.7853 30.344 10.63] 1.187 Performance test at higher pressure
2/19/2005 16:00:43 0.7851 30.332 10.67] 1.186 Performance test at higher pressure
2/19/2005 16:03:58 0.7839 30.322 10.16; 1.191 Surge test at higher pressure
2/19/2005 16:08:28 0.7853] 30.213 10.55 1.189 Performance test at higher pressure
2/19/2005 16:12:59 0.7848 30.191 10.59] 1.188 Performance test at higher pressure
2/19/2005 16:14:49 0.7829 30.176 10.13 ] 1.191 Surge test at higher pressure
2/19/2005. 16:17:19 0.7956 30.127 12.12| 1.147 Performance test at higher pressure
2/19/2005 16:20:50 0.7899 29.873 11.87] 1.158] Performance test at higher pressure
2/19/2005 16:22:45 0.7899 29.866 11.92] 1.155 Performance test at higher pressure
2/19/2005 16:23:40 0.7904, 29.810 12.04] 1.152 Performance test at higher pressure
2/19/2005 16:24:25 0.7911 29.917 12.09] 1.149| Performance test at higher pressure
2/19/2005 16:28:15 0.7886 29.729 | 1212} 1.150 Performance test at higher pressure
2/19/2005 16:30:05 0.7874 29.651 12.13] 1.150 Performance test at higher pressure
—~————
[CASE 2 RUN 1 2/19/2005 16:45:11 0.6029 28.578 12.08] 1.151 [Porformance test at lower pressure
ICASE 2 RUN 1 2/19/2005 16:47:41 0.6018 28.705 12.12] 1.151 Performance test at lower pressure
CASE 2 RUN 1 2/19/2005 17:04:53 0.4352 26.073 11.98] 1.155 Performance test at lower pressure
CASE 2 RUN 1 2/19/2005 17:09:23 0.4340) 26.085 12.00] 1.156] Performance test at lower pressure
CASE 2RUN'1  12/19/2005 17:25:10]  0.3494 24768 | 11.90) 1.158 [Performance test at lower prossure
CASE 2 RUN 1 2/19/2005 17:27:25 0.3486 24.746 11.94} 1.158 Performance test at lower pressure

82 —
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Table A-7 Test schedules and conditions

(Performance test-7: Case 2, Without branch tubes, with orifice, tip clearance of 0.4mm)

Test number |Date Time Inlet Inlet Modified |Overall |Rotational |Test item
pressure [temperatur |flow rate {pressure {speed
(PI-1)  |e (TE-1-1) |[kg/s] |ratio [rpm]
[MPaG]
2/20/20051 9:29:23] 0.0818 4.508 14.74 1.018] 10932|Perforamnce test at higher pressure
2/20/2005) 10:50:05| 0.7875 27.767 14.49 1.013 10914 [Perforamnce test at higher pressure
2/20/2005) 10:52:21| 0.7896 27.212 14.51 1.013 10902 [Perforamnce test at higher pressure
2/20/2005 | 10:54:06] 0.7904 26.743 14.51 1.013 10911|Perforamnce test at higher pressure
2/20/2005] 11:15:08] 0.7836 28.971 13.34 1.082 10905 |Perforamnce test at higher pressure
2/20/2005] 11:17:03] 0.7845 29.130 13.36 1.082 10914{Perforamnce test at higher pressure
2/20/2005 | 11:19:03} 0.7856 29.267 13.35 1.081 10911 |Perforamnce test at higher pressure
2/20/2005 11:40:.00] 0.7814 30.782 12.13 1.132 10902 |Perforamnce test at higher pressure
2/20/2005 | 11:42:40] 0.7800 30.668 12.18 1.133 10908{Perforamnce test at higher pressure
CASE 2 RUN 3 2/20/2005] 11:44:00] 0.7823 30695 | 1213] 1.132 10905|Perforamnce test at higher pressure
CASE 2 RUN 3 |2/20/2005] 11:45:55] 0.7832 30.839 12.11 1.133 10905|Perforamnce test at higher pressure
2/20/2005] 13:00:07] 0.7923 30.398 12.86 1.104 10908 |Perforamnce test at higher pressure
2/20/2005| 13:02:42] 0.7908 30.819 12.82 1.104 10896{Perforamnce test at higher pressure
2/20/2005| 13:05:02] 0.7893 30.985 12.81 1.104 10893 |Perforamnce test at higher pressure
2/20/2005| 13:08:02] 0.7653 30.634 11.25 1.163 10893 [Perforamnce test at higher pressure
2/20/2005}13:25:04| 0.7674 30.709 11.26 1.163 10893|Perforamnce test at higher pressure
2/20/2005] 13:27:04] 0.7715 30.951 11.23 1.163 10896|Perforamnce test at higher pressure
2/20/2005] 13:29:14] 0.7778 31.034 11.26 1.164 10905|Perforamnce test at higher pressure
2/20/20051 13:34:05| 0.7925 31.393 10.16] 1.182] 10899|Surge test at higher pressure
2/20/2005| 13:45:06| 0.8016 29.247 10.87 1.179] 10908|Perforamnce test at higher pressure
2/20/20051 13:47:06] 0.8013 29.042 10.89 1.174] 10902 Perforamnce test at higher pressure
2/20/20051] 13:49:06| 0.7982 28.737 10.93 1.174 10902|Perforamnce test at higher pressure
2/20/2005} 13:52:16 0.7916 28.348 9.90 1.178 10902fSurge test at higher pressure
2/20/20051 13:54:26| 0.8015 27.996 12.24; . 1.132 10908|Perforamnce test at higher pressure
2/20/2005| 13:55:31 0.7992 27.943 12.26] = 1.132 10905|Perforamnce test at higher pressure
2/20/2005] 14:05:07| 0.7977 27.080 12.29 1.132 10908} Perforamnce test at higher pressure
2/20/2005| 14:07:07] 0.8049 27.046 12.26 1.132 10896|Perforamnce test at higher pressure
2/20/2005 | 14:30:05] 0.8804 27373 12.28 1.131 10899 Perforamnce test at higher pressure
2/20/2005 | 14:32:05| 0.8859 27.523 12.28 1.131 10902 [Perforamnce test at higher pressure
2/20/2005 | 14:34:00] 0.8912 27.615 12.27 1.132 10902 |Perforamnce test at higher pressure
2/20/2005 | 14:50:01 0.4308| 27.540 12.15 1.136 10923jPerforamnce test at lower pressure
CASE 2 RUN 3 ]9/20/2005| 14:52:06f 0.4311 27.899 12.09 1.136 lOQI'ﬂPerforamnce test at lower pressure
CASE 2 RUN 3{2/20/2005] 14:54:02] 0.4311 28.309 12.09 1.136] 10914}Perforamnce test at lower pressure
2/20/2005| 15:07:03] 0.3491 28.309 12.02 1.138 10917|Perforamnce test at lower pressure
CASE 2 RUN 3 12/20/2005] 15:00:03 0.3486 28.328 12.02 1.138 10920[Perforamnce test at lower pressure
CASE 2 RUN 312/20/2005] 15:11:13| 0.3480 28.287 12.03 1.138 10920{Perforamnce test at lower pressure
12/20/2005 ] 15:30:50] 0.1946 24.362 11.91 1.142 10920|Perforamnce test at lower pressure
CASE 2 RUN 3 2/20/2005| 15:32:05] 0.1943 24174 11.92 1.142 10920|Perforamnce test at lower pressure
CASE 2 RUN 312/20/2005| 15:34:05| 0.1938 23.986 11.82 1.142 10920|Perforamnce test at lower pressure




JAEA-Technology 2005-007

1.20
N
.2 S
5 1.15 B Casel-runld—
§ |@ Case2-runl
2 | ® Case2-run3
& & Casel-run12
T 1.10 A Casel-runil
$ X Casel-run9
g ® Casel-run7 |
% 1.05 +Casel-rund Lo,
é e
S

1.00

8.0 9.0 10.0 11.0 12.0 13.0 14.0 V 15.0 16.0
Modified flow rate [kg/s]

Fig. A-1 Compressor overall pressure ratio

1.0

09 ;
B Casel-runl4|

m Case2-runl
0.8 » ¢ Case2-rund
¢ Casel-runi

A Casel-runltl}

0.7 1 X Casel1-run9
® Casel-run7
+ Casel-run3

0.6

Compressro overall adiabatic efficiency [-]

0.5
8.0 9.0 10.0 1.0 12.0 13.0 14.0 15.0 16.0

Modified flow rate [kg/s]

Fig. A-2 Compressor overall adiabatic efficiency



1.20
1.18

—
-
L~ N >}

1.06

Blading pressure ratio [-]

1.00
0.95
0.90
0.85

0.80

Blading adiabatic efficiency [-]

0.70

JAEA-Technology 2005-007

8.0

8.0

9.0

(] Céséi#unM
& Case2-runl
| A Case2-run3

10.0 11.0 12.0 13.0
Modified flow rate [kg/s]

Fig. A-3 Blading pressure ratio

9.0

10.0 11.0 120 13.0
Modified flow rate [kg/s]

Fig. A-4 Blading adiabatic efficiency

| & Casel-runi2
A Casel-runit

X Casel-run9
| ® Casel-run7.
+ Casel-run3

14.0 15.0

® Casel-runl4
® Case2-runl
¢ Case2-run3
& Casel-runt2

A Casel-runit
X Casel-run9
® Casel-run7
+ Casel-run3

14.0 15.0

16.0

16.0



Inlet distortion [%6]

Inlet casing pressure loss [kPa]

JAEA-Technology 2005-007

15.0
14.0
13.0 e
12.0 . mCasel-runl4|
}:)8 & Case2-runl et
9-0 | A Case2-run3 M_
8.0 . ¢ Casel-runl2|
7:0 .| ACasel-runlt|.
6.0 X Casel-run9 | _
5.0 |®Casel-run7 |
40 1+ Casel-run3 |
3.0 -
20 t:;:i

8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0

9.0

Modified flow rate [kg/s]

Fig. A-5 Inlet distortion

16.0

13.0
Modified flow rate [kg/s]

10.0 1.0 12.0

Fig. A-6 Pressure loss of inlet casing

@ Case2-runi
A Case2-run3
- Casel-runt

X Casel-run9
® Casel-run?

asel-rund |

] Case?-run14 :

- A Casel-runll L




10

Outlet casing pressure loss [kPa]

Blading adiabatic efficiency [-]

JAEA-Technology 2005-007

—®m Casel-runl4;:
__ mCase2-runl
| ACase2-run3
. |eCasel-run12
A Casel-runtl]
X Casel-run9
® Casel-run?

S

8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0

Modified flow rate [kg/s]

Fig. A-7 Pressure loss of outlet casing

1.00
W Casel-runil4
/@ Case2-runl
| A Case2-run3
| ® Casel-runi2
0.90
X Casel-run9
® Casel-run7
+ Casel-run3
0.80 : S
1.000E+05 1.000E+06 1.000E+07

Reynolds number [-]

Fig. A-8 Reynolds correlation of blading efficiency



180.0
175.0
170.0
165.0
160.0
155.0
150.0
145.0

Velocity before IGV [m/s]

1400

0.800

©
9
©
o

0.790

0.785

Total pressure before IGV [MPa]

0.780

JAEA-Technology 2005-007

90 180 270 360
Circumferential angle from horizontal flange [ ]

Fig. A-9 Velocity distribution before IGV
(CASE 1 RUN3 2/24/2004 3:31:25)

90 180 270 B 360
Circumferential angle from horizontal flange [° ]

Fig. A-10 Total pressure distribution before IGV
(CASE 1 RUN3 2/24/2004 3:31:25)



JAEA-Technology 2005-007

0.780
"o
o
2
> 0.775
&
o
L
20.770
L
2
2]
[M]
&5 0.765
.0
)
3
N
0.760
0 90 180 270 360
Circumferential angle from horizontal flange [° ]
F ig. A-11 Static pressure distribution before IGV
(CASE 1 RUN3 2/24/2004 3:31:25)
E 0.945
E, .
& 0.940
@)
o
£ 0.935
®
3
% 0.930
[]
&
£ 0.925
'__
0.920
0 90 180 270 360

Circumferential angle from horizontal flange [° ]

Fig. A-12 Total pressure distribution after OGV
(CASE 1 RUN3 2/24/2004 3:31:25)



JAEA-Technology 2005-007

0.920

0.918

0.916

0914

0912

Static pressure after OGV [MPa]

0.910
0 90 180 270 360

Circumferential angle from horizontal flange [ ]

Fig. A-13 Static pressure distribution after OGV

- = = NN NN
SO 0 O NN Ao

Total temperature before IGV [°C]

—
N

—
o

o

90 180 270 360
Circumferential angle from horizontal flange [° ]

(CASE 1 RUN3  2/24/2004 3:31:25)
Fig. A-14 Total temperature distribution before IGV
(CASE 1 RUN3 2/24/2004 3:31:25)



JAEA-Technology 2005-007

N N NN
oS N Ao

—_ et
- o> B o o}

Wall temperatur after IGV [°C]

[ Y
o N

—

i
()]

90 180 270 360
Circumferential angle from horizontal flange [° ]

Fig. A-15 Wall temperature distribution before IGV
(CASE 1 RUN3 2/24/2004 3:31:25)

N W

Total temperature after OGV [°C]
S -3 - (4] [(4,] [4)] [4;]
~J (o] [{e] (]

E-N
(=]

90 180 270 360
Circumferential angle from horizontal flange [° ]

Fig. A-16 Total temperature distribution after OGV
(CASE 1 RUN3 2/24/2004 3:31:25)



JAEA-Technology 2005-007

(4]
(3]

[
B

w

[S 20N S B |
o = N

P I N S
» 4 0 ©

Wall temperature after 4th stator blade [°C]

N
(4]

0.95
0.93
0.91

0.85
0.83
0.81
0.79

Static pressur

0.75

90 180 270 360
Circumferential angle from horizontal flange [° ]

Fig. A-17 Wall temperature distribution after OGV
(CASE 1 RUN3 2/24/2004 3:31:25)

1{.-'».:5 3

Before Before 1st Before Before 3rd Before 4th After 4th After OGV
IGV rotor blade 2nd rotor rotor blade rotor blade stator
row blade row row row blade row

Measuring positions

Fig.A-18 Static pressure distribution along axial direction in blade rows

(CASE 1 RUN3 2/24/2004 3:31:25))



0.94
0.92
0.90
0.88
0.86
0.84
+ 0.82

Static pressure [MPa]

0.80
0.78
0.76

Fig. A-19

(83}
()]

JAEA-Technology 2005-007

Before IGV
Before 1st rotor blads row |

Before 2nd rotor blade row

Before 3rd rotor blade row

Before 4th rotor blade row

After 4th stator blade row
oGV

0 50 100
Circumfe

150 200 250 300 350 400
rential angle from horizontal flange [° ]

Circumferential distribution of static pressure in blade rows

(CASE 1 RUN3 2/24/2004 3:31:25)

()]
o

N
(6]

wW
($)]

Wall temperature [°C]
S
S

W
o

N
[$;]

Before IGV Before 1st Before 2nd Before 3rd Before 4th  After 4th
rotor biade rotor blade rotor blade rotor blade stator blade

row

row row row row
Measring positions

Fig. A-20  Axial distribution of wall temperature in blade row

(CASE 1

RUN3 2/24/2004 3:31:25)



>
[

W
(S}

Wall temperature [°C]
i
o

[
o

N
(&)

JAEA-Technology 2005-007

& Before IGV
Before 1st rotor blade row

A Before 2nd rotor blade row
% Before 3rd rotor blade row

| @ After 4th stator blade row

0 90

.| X Before 4th rotor blade row |

180

270

360

Circumferential angle from horizontal flange [° 1

Fig. A-21  Circumferential distribution of wall temperature in blade rows
(CASE 1 RUN3 2/24/2004 3:31:25)



180.0

175.0

170.0

165.0

— — —
A ()] (=2
e = =
o o o

Axial velocity before IGV [m/s]

145.0

140.0

0.50
0.49
0.48
0.47
0.46
0.45
0.44
0.43
0.42
0.41
0.40

Total pressure befofe IGV [MPa]

JAEA-Technology 2005-007

90 180 270 360
Circumferential angle from horizontal flange [° ]
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Fig. A-24  Static pressure distribution before IGV
(CASE 1 RUN7 2/25/2004 19:56:50)
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Fig. A-31  Static pressure distribution along axial direction in blade rows
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Fig.A-33  Axial distribution of wall temperature in blade row
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Fig. A-39  Static pressure distribution after OGV
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Fig. A-41 Wall temperature distribution before IGV
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(CASE 1 RUN9 2/26/2004 18:50:36)

— 105 —



1
W W W W A
& 4 & © o

w
BN

33

Wall temperature after 4th stator blade row [°C
[o%)
a

0.15

o o o
N w -

.:
—y
[y

Static pressure [MPa]

0.10

009 *

0.08

JAEA-Technology 2005-007

90 180 270 360
Circumferential angle from horizontal flange [° ]
Fig. A-43  Wall temperature distribution after OGV
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Fig. A-44  Static pressure distribution along axial direction in blade rows
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Fig. A-46 Axial distribution of wall temperature in blade row
(CASE 1 RUN9 2/26/2004 18:50:36)
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Fig. A-48  Velocity distribution before IGV
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Fig. A-49  Total pressure distribution before IGV
(CASE 1 RUN11 2/26/2004 22;14:58 & 22:19:03)
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Fig. A-50  Static pressure distribution before IGV
(CASE 1 RUN11 2/26/2004 22;14:58 & 22:19:03)
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Fig. A-51 Total pressure distribution after OGV
(CASE 1 RUN11 2/26/2004 22;14:58 & 22:19:03)
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Fig. A-52  Static pressure distribution after OGV
(CASE 1 RUN11 2/26/2004 22;14:58 & 22:19:03)
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Fig. A-54  Wall temperature distribution before IGV
(CASE 1 RUN11 2/26/2004 22;14:58 & 22:19:03)
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Fig. A-55  Total temperature distribution after OGV
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Fig. A-56  Wall temperature distribution after OGV
(CASE 1 RUN11 2/26/2004 22;14:58 & 22:19:03)
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Fig. A-59  Axial distribution of wall temperature in blade row
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Fig. A-60  Circumferential distribution of wall temperature in blade rows
(CASE 1 RUN11 2/26/2004 22;14:58 & 22:19:03)
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Fig. A-63  Static pressure distribution before IGV
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Fig. A-64 Total pressure distribution after OGV
(CASE 1 RUN12 2/26/2004 23:53:36 & 23:57:32)
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Fig. A-65  Static pressure distribution after OGV
(CASE 1 RUN12 2/26/2004 23:53:36 & 23:57:32)
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Fig. A-67 Wall temperature distribution before IGV
(CASE 1 RUN12 2/26/2004 23:53:36 & 23:57:32)
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Fig. A-69  Wall temperature distribution after OGV
(CASE 1 RUN12 2/26/2004 23:53:36 & 23:57:32)
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Fig. A-76  Static pressure distribution before IGV
(CASE 1 RUN14 2/27/2004 19:19:37 & 19:26:32)
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Fig. A-83  Static pressure distribution along axial direction in blade rows
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Fig. A-90  Static pressure distribution before IGV
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(CASE 2 RUN1 2/19/2005 13:29:10 & 13:41:06)

— 152 —

360



JAEA-Technology 2005-007

32.0
315
£ 31.0
£ 305
S 30.0

Kol

Vv [°C

fore

r
N
©
3

29.0
28.5
28.0
27.5
27.0

Total temperature

0 90 180 270 360
Circumferential angle from horizontal flange [° ]

32.0
315

IGv [°C]
W W
.o —
o O

30.0
29.5
29.0
28.5
28.0
27.5
27.0

ature before

e
[}
Q

Total tem

0 90 180 270 360
Circumferential angle from horizontal flange [° ]

Fig.A-93 Total tempefature distribution before IGV
(CASE 2 RUN1 2/19/2005 13:29:10 & 13:41:06)

— 153 —



JAEA-Technology 2005-007

56.0
555
o
£ 55.0
&
S 545
& 540
©
0 535
2
g 53.0
g 52.5
8520
(o]
'_
51.5
51.0

e :

0 90 180 270 360
Circumferential angle from horizontal flange [° ]

0 90 180 270 360
Circumferential angle from horizontal flange [° ]

Fig. A-94 Total temperature distribution after OGV
(CASE 2 RUN1 2/19/2005 13:29:10 & 13:41:06)

— 154 —



0.95

0.93
"< 0.91
S 0.89
0.87
0.85
£ 083
8 0.81
0.79
0.77
0.75

ressure [MP

Stati

JAEA-Technology 2005-007

I

Before Before 1st Before Before 3rd Before 4th After 4th After OGV
IGV rotor 2nd rotor rotor rotor stator
blade row blade row blade row blade row brade row

Measuring positions

Before Before 1st Before Before 3rd Before 4th After 4th After OGV
IGV rotor blade 2nd rotor rotor blade rotor blade stator
row blade row row row brade row

Measuring positions

Fig. A-95 Static pressure distribution along axial direction in blade rows
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Fig. A-96  Circumferential distribution of static pressure in blade rows
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Fig. A-100  Velocity distribution after OGV
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Fig. A-107  Static pressure distribution along axial direction in blade rows
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Fig. A-109  Axial distribution of wall temperature in blade row
(CASE 2 RUN1 2/19/2005 16:45:11 & 16:47:41)

— 168 —



JAEA-Technology 2005-007

Temperature [°C]

Before IGV(TE~13-2)
H Before 1st rotor blade row
A Before 2nd rotor blade row

X Before 3rd rotor blade row
X Before 4th rotor blade row

® After 4th stator blade row

+ After OGV (TE-25)

NS
($)]

o
&)}

Temperature [°C]
o
)

(V]
o

N
(&)}

Fig. A-110

90

9 Runl 16:47:41

@ Before IGV(TE-13-2)

B Before 1st rotor blade row |
A Before 2nd rotor blade row |
X Before 3rd rotor blade row |
X Before 4th rotor blade row |
® After 4th stator blade row |
-+ After OGV (TE-25) ‘

90

180

180

— 169 —

270
Circumferential angle from horizontal flange [° ]

360

270
Circumferential angle from horizontal flange [* ]

Circumferential distribution of wall temperature in blade rows
(CASE 2 RUN1 2/19/2005 16:45:11 & 16:47:41)

360



Axial velocity before IGV [m/s]

Axial velocity after OGV [m/s]

JAEA-Technology 2005-007

180.0
175.0
170.0
165.0
160.0
1550 —— i_
1500 [biadiee BIT0%23)
145.0
1400

0 90 180 270 360
Circumferential angle from horizontal flange [° ]

Fig. A-111  Velocity distribution before IGV
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Fig. A-119  Static pressure distribution along axial direction in blade rows
(CASE 2 RUN1 2/19/2005 17:04:53 & 17:09:23)
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Fig.A-120  Circumferential distribution of static pressure in blade rows
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Fig.A-121  Axial distribution of wall temperature in blade row
(CASE 2 RUN1 2/19/2005 17:04:53 & 17:09:23)
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Fig.A-122  Circumferential distribution of wall temperature in blade rows
(CASE 2 RUN1 2/19/2005 17:04:53 & 17:09:23)
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Fig. A-123  Velocity distribution before IGV
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Fig. A-124  Velocity distribution after OGV
(CASE 2 RUN1 2/19/2005 17:25:10 & 17:27:25)

— 181 —



JAEA-Technology 2005-007

0.350
—0.348
o
S 0.346
& 0.344

© 0.342
s
©0.340
[+]
5 0.338
© 0.336
a
50334
o
F 0.332
0.330

0 90 180 270 360
Circumferential angle from horizontal flange [° ]

0.350

—0.348

o

S 0.346

& 0.344

© 0.342

S

©0.340

[+M]

5 0.338

$ 0.336

Q

5 0.334

o

F 0.332
0.330

0 90 180 270 360
Circumferential angle from horizontal flange [° ]

Fig. A-125  Total pressure distribution before IGV
(CASE 2 RUN1 2/19/2005 17:25:10 & 17:27:25)
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Fig. A-126  Static pressure distribution before IGV
(CASE 2 RUN1 2/19/2005 17:25:10 & 17:27:25)
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Fig. A-130  Total temperature distribution after OGV
(CASE 2 RUN1 2/19/2005 17:25:10 & 17327125)
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Fig.A-131 Static pressure distribution along axial direction in blade rows
(CASE 2 RUN1 2/19/2005 17:25:10 & 17:27:25)
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Fig. A-133 Axial distribution of wall temperature in blade row
(CASE 2 RUN1 2/19/2005 17:25:10 & 17:27:25)
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Fig. A-134  Circumferential distribution of wall temperature in blade rows
(CASE 2 RUN1 2/19/2005 17:25:10 & 17:27:25)
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Fig.A-135  Velocity distribution before IGV
(CASE 2 RUN3 2/20/2005 11:44:00 & 11:45:55)
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Fig. A-136  Velocity distribution after OGV
(CASE 2 RUN3 2/20/2005 11:44:00 & 11:45:55)
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Fig.A-137 Total pressure distribution before IGV
(CASE 2 RUN3 2/20/2005 11:44:00 & 11:45:55)
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Fig. A-138  Static pressure distribution before IGV
(CASE 2 RUN3 2/20/2005 11:44:00 & 11:45:55)
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Fig. A-140  Static pressure distribution after OGV
(CASE 2 RUN3 2/20/2005 11:44:00 & 11:45:55)
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Fig. A-141 Total temperature distribution before IGV
(CASE 2 RUN3  2/20/2005 11:44:00 & 11:45:55)
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Fig. A-142  Total temperature distribution after OGV
(CASE 2 RUN3  2/20/2005 11:44:00 & 11:45:55)
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Fig. A-143  Static pressure distribution along axial direction in blade rows
(CASE 2 RUN3 2/20/2005 11:44:00 & 11:45:55)

— 199 —



JAEA-Technology 2005-007

o 0.87 ||®BeforelGV
| @ Before 1st rotor blade row

/A Before 2nd rotor brade row
1 X Before 3rd rotor blade row

X Before 4th rotor blade row [
o 0.81 @ After 4th stator blade row |

pressur
o
[00]
(8]

o
0
w

e
S
w 0.79
0.77
0.75
0 90 180 270 360
Circumferential angle from horizontal flange [° ]
0.95
0.93
0.91
@
0. 0.89
2
o 0.87
5 Before IGV
© 0.85 [ mBefore 1st rotor blade row
o | A Before 2nd rotor brade row
g 0.83 X Before 3rd rotor blade row | X
L= 0.81 | | X Before 4th rotor blade row '
- | @ After 4th stator blade row
0.79 pLEAfter OGV_
0.77
0.75

0 90 _ 180 270 360
Circumferential angle from horizontal flange [ ]

Fig.A-144  Circumferential distribution of static pressure in blade rows
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Fig. A-145  Axial distribution of wall temperature in blade row
(CASE 2 RUN3  2/20/2005 11:44:00 & 11:45:55)
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Fig. A-146  Circumferential distribution of wall temperature in blade rows
(CASE 2 RUN3 2/20/2005 11:44:00 & 11:45:55)
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Fig. A-147  Velocity distribution before IGV
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Fig. A-148  Velocity distribution after OGV
(CASE 2 RUN3 2/20/2005 14:34:00)
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Fig. A-150  Static pressure distribution before IGV
(CASE 2 RUN3 2/20/2005 14:34:00)
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Fig. A-152  Static pressure distribution after OGV
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Fig. A-155  Static pressure distribution along axial direction in blade rows
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Fig. A-156  Circumferential distribution of static pressure in blade rows
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Fig. A-159  Velocity distribution before IGV
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Fig. A-160  Velocity distribution after OGV
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Fig. A-161 Total pressure distribution before IGV
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Fig. A-162  Static pressure distribution before IGV
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Fig. A-164  Static pressure distribution after OGV
(CASE 2 RUN3 2/20/2005 14:52:06 & 14:54:02)
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Fig. A-165 Total temperature distribution before IGV
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Fig. A-166  Total temperature distribution after OGV
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Fig.A-167 Static pressure distribution along axial direction in blade rows
(CASE 2 RUN3 2/20/2005 14:52:06 & 14:54:02)
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Fig. A-169  Axial distribution of wall temperature in blade row
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Fig. A-170 Circumferential distribution of wall temperature in blade rows
(CASE 2 RUN3 2/20/2005 14:52:06 & 14:54:02)
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Fig. A-172  Velocity distribution after OGV
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Fig. A-173  Total pressure distribution before IGV
(CASE 2 RUN3 2/20/2005 15:09:03 & 15:11:13)
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Fig. A-174  Static pressure distribution before IGV
(CASE 2 RUN3 2/20/2005 15:09:03 & 15:11:13)
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Fig. A-176  Static pressure distribution after OGV
(CASE 2 RUN3 2/20/2005 15:09:03 & 15:11:13)
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Fig. A-179  Static pressure distribution along axial direction in blade rows
(CASE 2 RUN3 2/20/2005 15:09:03 & 15:11:13)
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Fig. A-181  Axial distribution of wall temperature in blade row
(CASE 2 RUN3 2/20/2005 15:09:03 & 15:11:13)
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Fig. A-182  Circumferential distribution of wall temperature in blade rows
(CASE 2 RUN3 2/20/2005 15:09:03 & 15:11:13)
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Fig. A- 183 Velocity distribution before IGV
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Fig. A-184  Velocity distribution after OGV
(CASE 2 RUN3 2/20/2005 15:32:05 & 15:34:05)
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Fig. A-185 Total pressure distribution before IGV
(CASE 2 RUN3 2/20/2005 15:32:05 & 15:34:05)
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Fig. A-186 . Static pressure distribution before IGV
(CASE 2 RUN3 2/20/2005 15:32:05 & 15:34:05)
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Fig. A-187 Total pressure distribution after OGV
(CASE 2 RUN3 2/20/2005 15:32:05 & 15:34:05)
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Fig. A-188  Static pressure distribution after OGV
(CASE 2 RUN3 2/20/2005 15:32:05 & 15:34:05)

— 235 —



JAEA-Technology 2005-007

28.0

N
~
o

)
544
o

N
o
o

N
:h
(=]

N
w
(=)

Total temperature before IGV [°C]

0 90 180 270 360
Circumferential angle from horizontal flange[® ]

0 90 180 ~ 270 360
Circumferential angle from horizontal flange[® ]

Fig.A-189 Total température distribution before IGV
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Fig. A-190  Total temperature distribution after OGV
(CASE 2 RUN3 2/20/2005 15:32:05 & 15:34:05)
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Fig. A-191  Static pressure distribution along axial direction in blade rows
(CASE 2 RUN3 2/20/2005 15:32:05 & 15:34:05)
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Fig. A-193  Axial distribution of wall temperature in blade row
(CASE 2 RUN3 2/20/2005 15:32:05 & 15:34:05)
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Fig.A-194  Circumferential distribution of wall temperature in blade rows
(CASE 2 RUN3  2/20/2005 15:32:05 & 15:34:05)
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